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Abstract (English)

The neighbourhood environment in which people live has gained increasing attention in
epidemiological research. Thidissertation investigated relationships between contextual
neighbourhood factors and individual health with a focus on the built environment and its
contribution to health inequalities on the neighbourhood level. Furthermore, this dissertation
developed n& approaches and applied new statistical methods to analyse environmental
inequalities in an urban context with a particular focus on public green space and its
distribution by socioeconomic neighbourhood characteristics.

Firstly, in a systematic review rtilevel studies which considered both neighbourhood
socioeconomic position (SEP) and objectively measured factors of the built environment were
assessed in order to disentangle their independent and interactive effects on individual health
outcomes and lath behaviours. Secondly, two multilevel analyses of esestional data in

the city of Munich investigated whether neighbourhood SEP, public playground and park
space, and parentally perceived environmental exposures were independently associated with
overweight in preschool aged children while simultaneously considering individual child and
family factors. Thirdly, two ecological neighbourhood studies in the city of Dortmund and
Munich were conducted to assess whether air and noise pollution andgrabhicspace were
disproportionately distributed by the degree of neighbourhood deprivation.

The systematic review identified a great heterogeneity of definitions applied and metrics
being used for measuring built and socioeconomic neighbourhood varistasty mixed

results across multilevel studies on how built and socioeconomic neighbourhood
environments were associated with health and healdted behaviours were found.
Furthermore, the review identified several interactions between contextual awigbbd
factors and individual factors, mostly concerning sex or individual SEP. The two multilevel
studies showed that in the case of childhood overweight individual factors, such as parental
education or parental overweight, were the most importantrdiei@nts. However, perceived

and objective built environmental factors additionally explained overweight variance between
neighbourhoods. The two ecological case studies found out that deprived neighbourhoods
were more exposed to air pollution and low paigifeen space availability than more affluent
neighbourhoods.

This dissertation recommends that apart from individual determinants policies and
interventions targeting health promotion should consider the neighbourhood environment
additionally. Moreover, aocioeconomic unequal distribution of environmental burdens and
resources may result in amplifications of health inequalities within cities. There is a need for
further studies considering multiple neighbourhood dimensions in order to analyse interactive
and mediating pathways between contextual factors and individual health. The development
of new approaches and methods for analysing and assessing environmental health inequalities
will contribute to the reconnection of urban planning and public health.

Vi



Abstract (German)

Kontextfaktoren im Stadtteil und deren gesundheitliche Bedeutung sind in der
epidemiologischen Forschung zunehmend von Interesse. Diese Dissertation untersuchte
Zusammenhange zwischen kleinrAumigen Faktoren der gebauten Umwelt und @idividu
Gesundheit und deren Beitrag zu gesundheitlichen Ungleichheiten in Stadten. Des Weiteren
wurden neue Verfahren und statistische Methoden zur Analyse von Umweltfaktoren, mit dem
Fokus auf offentliches Griin, und deren Verteilung nach soziobkonomistdrdmmalen von
Stadtteilen angewandt.

In einem systematischen Review wurden Multilevelstudien identifiziert, welche sowohl die
sozioOkonomische Position des Stadtteils als auch objektive Faktoren der gebauten Umwelt
berticksichtigten, um sowohl deren unaldigen als auch interaktiven Effekte auf die
individuelle Gesundheit zu untersuchen. In zwei Multilevelanalysen mit Querschnittsdaten
der Stadt Munchen wurde des Weiteren analysiert inwieweit die soziobkonomische Position
des Stadtteils, 6ffentliche Spiefpte und Parkanlagen, sowie subjektiv wahrgenommene
Umweltbelastungen mit Ubergewicht bei Kindern assoziiert waren. Wichtige kindliche und
elterliche Faktoren wurden dabei simultan mitberiicksichtigt. Dartber hinaus wurde in zwei
Okologischen Studien in Dwonund und Mduinchen untersucht inwieweit uftund
Larmverschmutzung, sowie die Verfugbarkeit von offentlichen Grinflachen disproportional
nach dem Grad der soziobkonomischen Benachteiligung von Stadtteilen verteilt waren.

Der systematische Review identifrie eine sehr groRe Heterogenitat an Definitionen welche
fur die Berechnung der Variablen, insbesondere der gebauten Umwelt, verwendet wurden.
Meist wurden gemischte Ergebnisse gefunden inwieweit die gebaute Umwelt und die
soziobkonomische Position des aiteils mit gesundheitlichen Zielgrofen und
Verhaltensweisen assoziiert waren. Dartber hinaus identifizierte der systematische Review
eine Vielzahl an Interaktionen zwischen kontextuellen und individuellen Faktoren, meist das
Geschlecht oder die individile soziookonomische Position betreffend. Die zwei
Multilevelanalysen zeigten, dass individuelle Faktoren, wie z.B. elterliche Bildung und
elterliches Ubergewicht, die wichtigsten Determinanten fiir kindliches Ubergewicht waren.
Jedoch klarten wahrgenommenad objektive Faktoren der gebauten Umwelt zusatzliche
Varianz von Ubergewicht zwischen Stadtteilen auf. Die zwei 6kologischen Studien fanden
eine soziookonomisch ungleiche Verteilung von Luftverschmutzung und Offentlichen
Grunflachen.

Diese Dissertatiorempfiehlt, dass Strategien und Mal3nhahmen zur Gesundheitsférderung
neben individuellen Determinanten auch zusatzlich Faktoren der unmittelbaren
Stadtteilumwelt berlcksichtigen sollten. Dartber hinaus kann eine sozio6konomisch
ungleiche Verteilung von Umwdlelastungen und -ressourcen gesundheitliche
Ungleichheiten im urbanen Raum verstarken. Weitere Studien sind notwendig, welche
simultan unterschiedliche Dimensionen des Stadtteils beriicksichtigen um sowohl
interagierende als auch intermedidre Pfade zwisdkentextfaktoren und individueller
Gesundheit zu analysieren. Die Entwicklung neuer Methoden zur Analyse sozio6konomisch
bedingter Ungleichheiten bei Umwelt und Gesundheit kann hierbei die transdisziplindre
Zusammenarbeit zwischen Stadtplanung und PuldadtH fordern.
vii



1 Background

1.1 Contextual approaches explaining health inequalities

The inextricable link between socioeconomic inequalities and health inequalities is widely
recognized and was proven in a large number of studies (Black et al., 1980; Marmot, 2005;
Mielck, 2005; Siegrist & Marmot, 2006; Whitehead, 1987). Knowledge of mechanisms which
explain socioeconomic inequalities in health are important for understandihgtadying
geographic health inequalities on the neighbourhood level.

The term health inequalities has a descriptive character and should be distinguished from the
term health inequities which includes normative concepts. Health inequalities are dsfined
observed health differences between populations in general, such as different distributions of
health outcomes between different socioeconomic groups. Health inequalities become
inequities when they are perceived as unfair, unjust, and avoidable (WH6a,22016c).
Determining health inequalities as inequities comprises more than empirical evidence because
it includes normative judgement. Society, politics, and science determine which part of health
inequalities are judged as inequitable (Kawachi et24l02; Mielck, 2005). Therefore, the

term health inequality is used in this dissertation. The epidemiological studies performed
contribute to the scientific evidence on neighbourhood health inequalities. They do not
include additional analyses to what et observed geographic health inequalities are judged

or perceived as health inequities.

Moreover, the term socioeconomic position (SEP) is used in this dissertation. As suggested by
Krieger et al. the term SEP combines actual economic and social reseuticeprestige

based characteristics which relatively position individuals, households, or neighbourhoods in
society (Krieger, 2001a; Krieger et al., 1997). To avoid discrepancies, the term SEP is
differentiated from social factors or social environmantshis dissertation which refer to
social interactions between individuals in society, such as social cohesion, social capital, or
collective efficacy (Diez Roux & Mair, 2010; Leventhal & Broe&sinn, 2000; Sampson et

al., 1999; Sampson et al., 2002; Suér & Chen, 2013).

The term social determinants, introduced by the World Health Organization (WHO), is an
exception as this term contains a more holistic perspective. The social determinants of health

i n c | theccenditidons in which people are born, grovork, live, and age, and the wider set

of forces and systems s hapgWHOg 2016l).eindicidual di t i o



behaviours, psychosocial mechanisms, and material factors were identified as the most

important determinants which explain soc@oeromic inequalities in health.

Material explanations for socioeconomic inequalities in health look mainly at living
conditions, resources for a healthyelifand availability of health services. Furthermore,
material explanations assume that people witlova SEP are exposed to an unhealthy
environment. Individual explanations for socioeconomic inequalities in health include
behaviours, cultural characteristics, or psychosocial factors. It is hypothesized that people
with a low SEP have more often unheglthehaviours or a higher psychosocial workload
(Richter & Hurrelmann, 2006).

Various conceptual models have been developed describing pathways between socioeconomic
and health inequalities and how determinants on various levels influence individual health.
One of the first models describing various determinants of health was developed by Dahlgren
and Whitehead (Dahlgren & Whitehead, 1991). Four main levels of determinants are imaged
as layers on top of each other. The first overall layer represents matust factors, such

as general socioeconomic, environmental, or cultural conditions in society. The second layer
includes living and working conditions, such as employment status or housing, followed by
the third layer representing social and commurattdrs, such as support through neighbours

or friends. The last layer contains individual factors, such as behaviours, and the core
represents factors which are assumed to be fixed, such as age or sex. Inspired by the rainbow
mode| Barton and Grant devgled a health map reflecting the ecosystem of the human
habitat with a particular focus on multilevel neighbourhood determinants influencing health
and weltbeing (Barton & Grant, 2006)

In Germany there are two conceptual models describing pathways oésmudmic health
inequalities which are important to mention. The models fiBlkeles andMielck and
Steinkamp consider various factors on different levels which lead to health inequalities in
societies (Elkeles & Mielck, 1993; Steinkamp, 1999). The maeedl considers mainly
factors which determine the SEP of people within a society assessed by income, education, or
occupation. On the mesolevel material and social characteristics are considered as
intermediating factors which in turn influence individdmhaviours and finally individual
health. The model by Steinkamp put more focus on the microlevel which contains individual

factors, such as personal resources, coping strategies, or genetic factors.



The Commission on Social Determinants of Health inidiabyy the WHO developed a
conceptual framework which comprises two main levels being responsible for health
inequalities. The first level contains the structural determinants, defined by the wider
socioeconomic and political context in society, which inntutetermine the SEP of
individuals. The second level, the so called intermediary determinants, contains mainly
material circumstances, individual behaviours, and psychosocial factors. Social factors, such

as social capital or social cohesion, are assuméd tinked with both levels (WHO, 2010).

All these models presented above have important similarities. Firstly, all models involve a
hierarchical structure with various contextual levels which individuals are exposed to
determining their SEP, living cditions, behaviours, and finally their health status.
Furthermore, all levels ranging from various contextual levels to the individual level are not
considered isolated because they interact with each other. Secondly, for determining SEP
mainly vertical claracteristics are used. Examples of vertical factors are income, occupation,
or education. A combination with so called horizontal factors, such as ethnicity, age, or
gender is recommended (Mielck, 2000, 2005).

Nancy Krieger ds e ¢ 0 sgoad i tleedretical backgroynd pndediningd e s
contextual pathways between socioeconomic inequalities and health inequalities. In 1994
Nancy Krieger suggested an ecosocial concept which mainly argued that humans are
simultaneously biological and social beings dath the ecological and societal context are
important to consider when patterns of socioeconomic related health inequalities are analysed
(Krieger, 1994, 2011).

The most central part of ecosocial theory is the concept of embodiment. Embodiment claims
fithat people literally embody, biologically, their lived experience, in societal and ecological
context, thereby <creating pop(drleget, RO4In pageat t er
215). Embodiment integrates the social determinants of health as emsgéciors

influencing individual bodies and peopl eds h

Ecosocial theory considers various pathways of embodiment through which social or
environment al exposures affect an individua
different temporal and sgial scales. Temporal scales include pathways across the life course
shaped by historical contexts and generational aspects. Spatial scales consider various
hierarchical levels (global, national, regional, area or group, household, or individual) which

represent different ecological and social pathways of embodiment. Embodiment is influenced

3



by the distribution of environmental, political, economic, or social factors within and across
these scales, such as societal power relations, ecosystems, or myatt@l Furthermore,
embodiment is dependent on individual biological capabilities and limitations which are in

turn influenced by social and biological development.

A further core construct of ecosocial theory is that multiple pathways of embodiment, which
take place on various spatiotemporal scales with variating distribution of exposures across
t hese s ¢ a | e sumulative ntelplaye betveeen fexposure, susceptibility, and

r esi s (Kaeger, 2aD1b, page 672). This core construct emphasize the @eatiom of,

timing of, and individual response to embodied exposures.

Accountability and agency, as a final core construct, put emphasis on instruments and ways
how health inequalities are monitored and analysed. Individuals, political and economic
institutions, and epidemiologists in particular are addressed with their capabilities and
responsibilities across levels in taking actions for explaining and reducing socioeconomic

inequalities in health

All conceptual models described in this chapter state élptaining patterns of health
inequalities requires the consideration of multiple contextual determinants. Therefore, they
provide a good basis for the development of specific concepts focusing on small area factors
as potential drivers for health inequiak in urban contexts.

1.2 Explanatory concepts for neighbourhood health inequalities

There is an overall conclusion that individual characteristics, such as individual SEP or
individual behavioursare not sufficient for explaining inequalities in health. Integrating
contextual determinants from the social, physical, or political environment to which
individuals or groups of people are exposed gained increasing attention in epidemiological

and publc health research (McLaren & Hawe, 2005).

The neighbourhood level has become an important contextual dimension. Neighbourhoods
hold social and physical factors which are assumed to be associated with individual health of
residents sharing these neighbouthaharacteristics. Moreover, neighbourhoods are often
used as references for urban planning interventions, routine data collection and monitoring,
and political decision making processes. However, providing a clear definition of the term

neighbourhood istill challenging (Galster, 2001). Often, terms such as community, small



area, or place are used interchangeably. Mostly, these terms refer to the usage of

administrative boundaries and its available census data.

In the last twenty years the number of stsdinvestigating independent neighbourhood
effects on health rapidly increased. As a result, three main explanatory pathways were derived

explaining health inequalities between neighbourhoods.

Firstly, health variations between neighbourhoods can béwtd to compositional effects

which capture individual characteristics of residents, such as SEP or behaviours. Secondly,
geographic health variations can be attributed to contextual effects mainly attributed to
environmental characteristics from the bwlr social environment which neighbourhood
residents share. In addition, there might be a contextual effect of group composition if
aggregated individual factors on the area level, such as neighbourhood SEP, are associated
with individual health independé of individual factors of residents within the
neighbourhood. In this dissertation neighbourhood SEP is therefore defined as a contextual
factor if individual socioeconomic characteristics are simultaneously considered in

multivariate analyses.

A third explanation refers to the collective dimension shared by neighbourhood residents. It
includes anthropological characteristics, such as shared norms, common interests, and values.
In neighbourhood research contextual factors from the neighbourhood envitogaiesd

most interest because it is assumed that physical or social attributes explain contextual health
effects of group composition. (Diez Roux & Mair, 2010; Duncan et al., 1998; Macintyre et
al., 2002).

The differentiation between composition and esmtis also discussed critically in the
sdentific literature. Macintyre anéllaway arguedi Peopl e create pl aces
p e o p(Macimtyre & Ellaway, 2003, page 26). Arguments for the mutual dependencies
between individuals and contexts are that individual characteristics are shaped by contextual
characteristics, such as individual education may be dependent from the local contextual
school sgtem, or occupational status from the local labour market. Furthermore, it is argued
that in multivariate analysis individual factors are often treated as confounders although they
might be intervening or mediating factors on the pathway between neigbbdwbntext and

health, such as health behaviours or household characteristics. Related to this problem are

missing a priori theories which conceptualize causal mechanisms between health and place



which justify the selection of contextual or individual caeristics (Cummins et al., 2007;
Macintyre et al., 2002).

For strategy development and policy making the quantification of contextually initiated health
inequalities on the neighbourhood level build an important prerequisite for intervention
planning &rgeting healtfpromoting built and social environments. Furthermore, evidence on
how built environmental factors are independently associated with health and contribute to
health inequalities between neighbourhoods supports a better reconnection betveeen u

planning and public health (Corburn, 2004).

Various explanatory models have been developed which conceptualize small area effects on
health. A systematic review by Voigtlander et al. identified 14 studies which developed an
explanatory model consideg various theoretical backgrounds to outline how different
neighbourhood characteristics affect specific health outcomes or behaviours of neighbourhood
residents through different pathwaygo{gtlander et al., 2014). The review identified the

following similarities across models:

1 Neighbourhood differences in exposures to environmental resources and stressors
contribute to geographic health inequalities
There is no clear definition of the term sraléa or neighbourhood context
Neighbourhood context is mibgdifferentiated in the built and social environment

1 There are multiple pathways linking contextual neighbourhood factors and individual
health, such as cognitive factors determining allostatic load or behaviours, direct
pathways of environmental stressoor resources affecting health, or indirect
pathways which include contextual effects on individual SEP or personal resources.
As a result, individual characteristics of neighbourhood residents and contextual
factors may be not mutual exclusive and imdlinal characteristics can both be an
effect modifier or mediator on the pathway between context and individual health

1 Socioeconomic segregation processes are identified as the most relevant drivers for
variations in neighbourhood characteristics. As alteswdels followed a three level
structure representing socioeconomic inequalities at the macrolevel, neighbourhood

characteristics at the mesolevel, and individual characteristics at the microlevel

The identified levels and their included factors andaiys linking neighbourhood context
and health showed that both contextual and individual characteristics contribute to health

inequalities between neighbourhoods. For the quantification of contextual neighbourhood
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effects and their contribution to healtfequalities a simultaneous consideration of these two
levels is required in statistical modelling. Furthermore built environmental factors play an
essential role across all conceptual models described above. Especially for healthy city
planning built envionmental characteristics are a main basis for interventions on the interface

between urban planning and public health.

1.3 Environmental inequalities

The potential amplification of geographic health inequalities through a socioeconomic
unequal distribution ofnvironmental stressors and resources is an important issue when
neighbourhood health effects are analysed. The environmental justice movement, which had
its origins in the USA and vgainitiated by activistsclaimed that ethnic minorities were
disproportonately exposed to hazards in their neighbourhood environment, such as to toxic

waste sites or industry producing air and noise pollution (Brulle & Pellow, 2006).

Environmental justice deals with actions on the improvement of living conditions of
disadvataged groups including cultural, behavioural, and political aspects. The term should
be therefore distinguished from environmental inequalities which has a more structural focus.
Environmental inequalities include a broader analysis of the distributi@nmwfonmental
hazards or resources across societal groups in a more descriptive way (Pellow, 2000; Walker,
2012).

A conceptual model derived from the environmental justicemework by Bolte et al.
broadened the scope of environmental inequalities asciudes both pathogenic and
salutogenic elements and discussed various forms of vulnerability (Bolte et al., 2011).
Concepts of vulnerability have their origins in natural hazard research and were further
developed in other scientific fields, such as clenatc h a n g e Vulremlglity is dhe . f
degree to which a population or an individual is unable to anticipate, cope with, resist and
recover from the i mpacts of disast eAdams |t
& Wisner, 2002, page 5Yulnerability and susceptibility are closely related terms, whereas in
general vulnerability includes external environmental factangl susceptibility comprises
internal biological factors increasing individual health risk, such as genetics or ager(€orti

al., 2010).

The conceptual modetontains two main hypothetical pathways homdividual SEP,
environmental exposureandenvironmentahealthat the individual leveare connecte(see

figure 1). The first hypothesis states that environmental exgssand benefitsare social
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unequally distributedbn various levels and in different settings, such as neighbourhood,
housing, or work. ie second hypothesis states tb@atnmunitiesor individuals with a low

SEP are more vulnerable kealth effects obnvironmental exposures/ulnerability on the
community level includes both resources and burdens on the small area level, such as
neighbourhood social capital, public transport, or accessibility of health service institutions.
Vulnerability on the individualaptures individual behaviours and characteristics on how
environmental resources and burdens are incorporated, such as psychosocial factors,

physiological mechanisms, or coping strategies.

Figure 1 Conceptual model linking socioeconomic position, enwiso, and health

Socioeconomic position at the

individual level <«— Genderand age
Exposure] variation v \ 4
v Vulnerability
Environmental exposures f Community level
and benefits {1 Individual level
1 Housing
T Neightourhood Effect | modification

1 Work

» Environmental health

Quelle: (Bolte et al., 2011) (own description)

Mechanisms of vulnerability which explain how SEP modifies associations between
environmental exposures and health play an important role within the analysis and
understandingf environmental health inequalities. Psychosocial stress is seen as one of the
major factors modifying the individual level health impact of environmental community
stressors (Gee & Pay#iurges, 2004; Morellérosch & Shenassa, 2006)

Gee andPayneSturges argue that differences in the individual vulnerability to environmental
burdens or resources is mainly caused by psychosocial stress. They developed a conceptual
model which suggests that community level vulnerability is translated into idodiv
stressors which increases individual stress and leads therefore to individual vulnerability (Gee
& PayneSturges, 2004).



Chronic individual stress influenced by community level and individual stressors plays a
major role in the explanatory model byokéllo-Froschand Shenass too (MorelleFrosch &
Shenassa, 2006). Community stressors comprise factors from the built and social
environment, and individual stressors include factors, such as SEP, working conditions, or
health behaviours. Both stressowdts are mutually dependent from each other and are
associated with chronic individual stress which in turn influences individual allostatic load.
Allostasis comprises the capability of the body to regulate physiological mechanisms of the

stressresponseystem when exposed to environmental stressors.

Early studies on environmental inequalities were conducted mainly in the USA in the 1970s,
1980s, and 1990s, and focused predominantly on single exposures from environmental
pollutants. They found out that ghbourhoods with a high proportion of ethnic minorities

were more exposed to air pollution, pesticides, or other chemical exposures coming from

hazardous waste sites (Szasz & Meuser, 1997).

Since the beginning of the 21th century, the number of stud@&dprg evidence on
environmental inequalities hagen increased in Europe. They considered multiple indicators
describing SEP of individuals or neighbourhoods and incorporated a broader scope of health
relevant environmental factors including both stwes&nd resources from the social and built
environment. Most studies found a socioeconomic unequal distribution of environmental
neighbourhood burdens and resources on various levels, such as the national, neighbourhood
or individual level. Systematic reaxvs indicated that groups or neighbourhoods with a low
SEP were more exposed to environmental hazards and had less access to environmental

resources (Braubach & Fairburn, 2010; Kruize et al., 2014).

In terms of environmental resources and their potehgalth benefitsthe socioeconomic
related distribution of and access to urban green spaces within cities has received increasing
attention in environmental justice research in the last years (Jennings et al., 2012; Wolch et
al., 2014). Studies showeHat a lower neighbourhood SEP wassociated witldecreasing
availability of green space (AstdBurt et al., 2014; Lakes et al.,, 2014; Richardson et al.,
2010; M. Wen et al., 2013).



1.4 Quantifying neighbourhood health effects z Evidence from multilevel studie s

Conceptual models, which were summarized in the previous chapters, describing mechanisms
how health inequalities and environmental inequalities are connected suggest that
epidemiological studies which are only based on individual data are not suféongh to

explain geographic distributions of health outcomes. As a result, since the late 1990s there has
been a rapid increase of epidemiological studies investigating the independent effect of
contextual neighbourhood factors on individual health.

To aralyse potential effects of neighbourhood contexts on individual health outcomes
multilevel analysis offers an adequate modelling strategy. It provides the possibility to
separate contextual or grolgvel effects from compositional effects. In this dissgonh the

term multilevel model is used. Terms like hierarchical models, random effects models, or

mixed models are often used synonymously (Diez Roux, 2002).

A multilevel study design combines data on at least two hierarchical levels: aggregated or
groupvariables on the neighbourhood level (2nd level) and variables on the individual level
from residents within the neighbourhood (1st level). Thus, simultaneous examinations of
independent effects of each level and interactions within and across levelsividuel

health outcomes are possible while accounting for the potential dependency of individual
observations sharing the same characteristics of higher group level variables. Therefore,
multilevel modelling combines ecological with individual data anduces the risk of an
ecological fallacy when associations between gileupl variables and response variables on

the individual level are analysed.

Furthermore, multilevel analysis offers the possibility to examine grogpoup variability.

In neighbourhood studies the contribution of contextual factors to health inequalities between
areas in relation to individual factors can be quantified. Thigciseved through random
intercepts or random slopes. Random intercepts, also called variance components, allow the
averaged fixed intercept to vary randomly across neighbourhoods which is one of the more
simpler multilevel models because it is assumetttieparameter estimates of the individual

and contextual covariables are similar across neighbourhoods which means that there is no
effect modification. In randorslope models in addition to the intercept the slope may also
vary across neighbourhoods whi allows to identify croskevel interactions between
contextual and individual factors (Diez Roux, 2000; Duncan et al., 1998; Subramanian et al.,
2003).
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A great amount of previous studies investigated whether aggregated individual socioeconomic
charactestics describing neighbourhood SEP on the area Jestebwed an independent
contextual association with individual mortality, morbidity, or health behaviours through the

adjustment for relevant factors on the individual level.

One of the first systematireviews on contextual neighbourhood effects was conducted by
Picket and Pearl considering studies before 1998 which investigated the independent
influence of neighbourhood SEP on individual health (Pickett & Pearl, 2001). In 23 of 25
studies independensignificant associations between at least one factor describing
neighbourhood SEP and individual health were found while adjusting for individual
socioeconomic characteristics. Socioeconomic neighbourhood deprivation was independently
associated with a wee state of individual health and health behaviours, such as higher
mortality, lower birthweight, lower selated health, higher body mass index (BMI), and

increased smoking or alcohol consumption.

A following review by Riva, Gauvin, and Barnett confirma&danarked increase of multilevel
neighbourhood studies from 1998 until 2005 and identified 88 multilevel studies analysing
neighbourhood effects on setited health, cardiovascular diseases and related risk factors,
and mortality (Riva et al., 2007). Mostiudies detected an independent significant association
between indicators describing a low neighbourhood SEP and a loweatselfhealth status,
increased mortality, and higher risk of cardiovascular diseases and related risk factors, such as

overweigh, unhealthy diet, or increased smoking.

More recent reviews and mesaalyses summarizing and analysing results from multilevel
neighbourhood studies confirmed results from these earlier reviews. A-amaisis
considering multilevel neighbourhood stuslitound an ndependent association betwegn
lower neighbourhood SEP aridcreasedmortality whereas a systematic review within the

same study indicated mixed findings (Meijer et al., 2012).

A systematic review by Sellstrom and Bremberg identified 13 lawdi studies from 1990

2005 which studied the impact of neighbourhood factors on child and adolescent health. The
review calculated that across studies on average hétweemeighbourhooerariance of the

health outcome was explained by contextual nesghitood factors after adjusting for
individual variables. Health outcomes in this review were mainly problem behaviours, child
maltreatment, injuries, and birth weight (Sellstrom & Bremberg, 2006). Aggregated

socioeconomic data from neighbourhood residevese the predominant factors used for
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describing neighbourhood context. A further matalysis of multilevel studies by Metcalfe
et al. on infant health found a significant contextual neighbourhood effect between low
neighbourhood income and low birthgkt (Metcalfe et al., 2011).

Evidence from multilevel neighbourhood studies so far showed that neighbourhoods are an
ecological determinant of individual health and could therefore play an important role as a
setting where health interventions could takece. However, there are still many open issues

which need to be addressed in further multilevel studies. The following challenges are of

particular interest.

Previous multilevel studies mostly focused on analysing and reporting independent
associations heeen neighbourhood context and individual health whereas variance
components mostly had not been adequately addressed. There is a need for further multilevel
studies which quantify the contribution of contextual factors toghimurhood health

inequalities.

There is still a great heterogeneity across multilevel studies which and how many individual
factors are considered for adjustment, especially for individual SEP characteristics. As a
result, contextual effect estimates may be over or underestimatedeadificult to compare

between studies

Furthermore, on the neighbourhood level often single factors describing neighbourhood SEP
were used, such as vertical measures of income, education, and occupation, or horizontal
measures, such as ethnicity. Sengheasures of neighbourhood SEP may not adequately
represent all relevant socioeconomic dimensions. A combination of various measures offers a
potential solution. However, neighbourhood SEP factors often show multicollinearity which
needs to be addresseldrdugh adequate methods, such as principal component analysis
(PCA).

Besides characteristics describing neighbourhood SEP, which were most exhaustively used in
multilevel studies, the built environment gained increasing attention when health inequalities
on the neighbourhood level were analysed. Systematic reviews considered primarily
cardiovascular risk factors, such as overweight and obesity, or low physical activity. Food
environments, physical activity resources, aspects of neighbourhood safety, mmdsfea
which increase walkability were the main built environmental dimensions which were
analysed (Ding et al., 2011; Feng et al., 2010a; Galvez et al., 2010; Renalds et al., 2010; Van

Holle et al., 2012). Though results of these studies were niixeakis an overall conclusion
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that the built environment can significantly impact individual health independent from
individual factors. Although both neighbourhood SEP and built environmental factors play a
significant role for explaining health inequalitiestiveen neighbourhoodboth dimensions

had been rarely considered simultaneously in systematic reviews.

Finally, previous reviews showed a lack of multilevel studies targeting child health and the
influence of potential neighbourhood characteristics of #oEioeconomic or built
environment. Children are more vulnerable to environmental burdens than other population
groups and should be therefore considered more often in multilevel neighbourhood studies
(Tamburlini, 2002).

1.5 Proposing a conceptual model descr ibing pathways of neighbourhood health

inequalities

Based on the previous chapters summarizing models and theories describing pathways how
neighbourhood health inequalities occur, a conceptual model was developed (see figure 2).
One of the main targets ttis model was to disentangle contextual neighbourhood factors
from individual factors and to conceptualize their potential direct and indirect pathways
towards individual health. A further goal was to integrate neighbourhood SEP and individual
SEP in onemodel in order to conceptualize their different meanings and potentials for
analysing neighbourhood health inequalities which has been rarely done in previous models.

As already suggested in previous studies and maalétsee level structure was implene

The macrolevel represents structural contextual factors influencing the distribution of wealth
within a society which in turn influences residential segregation processes. Macrolevel factors
are primarily from the governmental and political contexlidres include economic policies,

such as trade policies or labour markets, social policies, such as welfare factors or land and
housing distribution, and public policies, such as education or health care services (WHO,
2010).

The mesolevel represents the neighbourhood context containing the most three important
dimensions for health and their determinants on the individual level. Neighbourhood SEP
represents combined or single aggregated factors describing the SEP of theurbimbdh
Aggregated individual data on employment, income, or education play an important role for
describing social disadvantages of neighbourhoods and are increasingly used for calculating
neighbourhood deprivation indices (Lalloue et al., 2013; Megsar, 2006; Pampalon et al.,

2012; Pampalon et al., 2009). The terms built environment and physical environment are
13



often used interchangeably. In a definition by Schulz and Northridge the built environment
represents that part of the physical environmghichiencompass al l of t
spaces, and products that are cr e@theld& or si
Northridge, 2004, page 456). As the conceptual model refers to health inequalities in an urban
context the term built environent is used because it is assumed that within cities most of the
environmental burdens and resources are-made. The social environment comprises
factors describing social connections, such as social capital, violence, social norms, or trust
(Diez Roux &Mair, 2010; Schreier & Chen, 2013).

All three neighbourhood dimensions cannot be regarded isolated from each other. There is a
contextual effect of neighbourhood SEP if multilevel analysis detects an independent
association between neighbourhood SEP andividual health while all relevant
characteristics on the individual level (microlevel), especially individual SEP, are taken into
account as potential confounders. Underlying factors of the social and built environment are
conceptualized as mediating faxs on the pathway between neighbourhood SEP and the

microlevel.

There is still an ongoing discussion in the literature to what extent socioeconomic area
characteristics serve as a proxy for individual SEP. Various studies suggest that area size and
the ®lection of socioeconomic indicators influence correlations between SEP on the area and
individual level which may result in biased estimates in studies analysing socioeconomic
inequalities in health (Geronimus & Bound, 1998; Pdatdespo et al., 2013; Sbader et al.,

2001).

The microlevel contains individual health determinants and health outcomes. Individual SEP
represents both vertical and horizontal characteristics describing SEP of individuals, such as
income, education, ethnicity, or migration baakgrd. Housing and working conditions
comprise indoor housing conditions and woekated environmental exposures. Family
factors include all kind of factors describing family status, such as single parent, marital
status, or family size. Behaviours contaihkind of health promoting and health threatening
behaviours, such as physical activity, smoking, or alcohol consumption. Psychosocial
stressors and resources, such as individual coping strategies, sociat,sjgtp strain, or
negative lie events ara further important component on the microlevel. Genetic factors
belong to the group of biological factors. The social construct gender and the biological

construct sex are introduced as interrelated factors into the model to take into account the
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ongoingissue to enhance the integration of theoretical gender concepts into health research
(Hammarstrom et al., 2014; Krieger, 2003; Springer et al., 2012).

Neighbourhood contextual factors may have indirect effects towards individual health
outcomes througimdividual factors on the microlevel. Individual factors can further modify

direct association between neighbourhood context and individual health.

15



Figure 2 Conceptual model describing multilevel pathways of neighbourhood health inequalities
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2 Research objective s

2.1 Independent and interactive effects of socioeconomic and objective built

environments on individual health

Both neighbourhood SEP and built environmental factors play a significant role for
explaining health inequalities between neighbourhoods. Howévere is still lack of a
systematic overview to what extent both characteristics are simultaneously considered in
multilevel neighbourhood studies. Therefore, the overall goal was to conduct a systematic
review to identify multilevel epidemiological studieconsidering characteristics of
neighbourhood SEP and the objectively assessed built environment simultaneously in order to
disentangle their independent or interactive effects on individual health outcomes and health

behaviours.

The primary research que&m was how characteristics of neighbourhood SEP and the
objective built environment were associated with individual health outcomes or-redatéd

behaviours if both dimensions were considered simultaneously in multilevel modelling.
Secondly, the reew summarized knowledge on interactions between neighbourhood SEP,

the built environment, and individual factors.

2.2 Contextual neighbourhood effects on child overweight

In the field of multilevel neighbourhood studies there is still need for further rbsearthe

age group of young children because most studies looked at adolescents or adults. Previous
studies analysing associations between contextual neighbourhood factors and child health
were predominantly conducted in the USA. Moreover, only a minofitstudies analysed

how neighbourhood context was associated with measures of overweight in younger children
while simultaneously taking into account relevant socioeconomic and parental factors on the
individual level in order to disentangle their indepemd associations. Therefore, two
multilevel analyses were performed with pooled cisesstional data from the city of Munich

to investigate how neighbourhood context was related to overweight in children and
contributed to the variation of overweight beemeneighbourhoods. Both socioeconomic and
built environmental factors were simultaneously analysed with individual characteristics from
18 selected primary school enrolment zones which served as a proxy for the close

neighbourhood environment.
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The main resarch objective of the first multilevel analysis was to investigate how the
socioeconomic context of neighbourhoods was associated with overweight while
simultaneously considering indicators of individual SEP as well as further individual risk

factors.

The second multilevel analysis investigated how the objective and perceived built
environment and neighbourhood SEP were associated with overweight. Indicators of
individual SEP and further important risk factors for overweight were considered on the
individual level. A further objective in both analyses was to quantify how much variance of
overweight between neighbourhoods was explained by individual factors and how much was

attributable to the neighbourhood context.

2.3 Environmental neighbourhood inequalities i  n urban contexts

A deeper understanding to what extent environmental resources and burdens are distributed
by socioeconomic neighbourhood characteristics is a prerequisite to assess whether a
socioeconomic unequal distribution of such environments enhaeedts inequalities within

cities. Therefore, two ecological studies in Munich and Dortmund were conducted with a

research focus on socioeconomically driven environmental inequalities.

The first study analysed a wider range of environmental inequalitigeeicity of Dortmund

with a deeper focus on the development of city wide indicators which are important for
stimulating healthy urban planning processes. Correlation analysis was applied in order to
analyse associations between socioeconomic indicatmis eavironmental burdens and
resources on the level of 170 administrative neightmads in order to identify hajpot areas

and to target planningelated interventions.

The second study focused on the socioeconomic distribution of greenasjpdability in the

city of Munich on the level of 108 administrative neighbourhood districts. There is still a
great heterogeneity across existing ecological studies how green space availability within and
around a neighbourhood was defined and measieighbourhoods often vary in their size

and shape which may result in generating different catchment areas of green space
availability. Moreover, when administrative boundaries are used to measure green space
availability, these boundaries are fixed ane @rerefore not able to consider adjacent green
spaces in nearby neighbourhoods. From a statistical point of view, positive environmental
variables are often highly skewed which need to be adequately addressed when parametric

modelling approaches are apguli
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Therefore, this study followed two research objectives. Firstly, it investigated whether
neighbourhood SEP was associated witken space availabilitgpplying generalized linear

models with a loggamma regression in order to consider the-memal distribution of the
response variable. The second research objective was to apply methods based on geographic
information systems (GIS) to define various catchment areas of green space availability and to
analyse whether variations in size and kind ofeéhesmtichment areas influenced relationships
between neighbourhood SEP and green space.

3 Data description

3.1 Health monitoring units in Munich

The health monitoring units (GME) are organized by the Bavarian Health and Food Safety
Authority and started in 2004 ugseys were conducted in three rural and three urban districts

of the federal state Bavaria in Germany. The main aims of the -@MEys were to
systematically monitor the health status of children between 5 and 7 years old and to acquire
health relevant ata with a particular focus on environmental burdens and resources

influencing health outcomes of children (Bolte et al., 2008; Bolte et al., 2007).

Between 2004 and 2015 seven crssstional surveys and a cohort study were conducted
(Dreger et al., 2015Gurlich et al., 2016; Weber et al., 2016). Each survey had a particular
focus on selected health relevant issues, such as environment and health, UV exposure,
allergies, or child development. Across these surveys there were overarching data which were
corducted repeatedly (Bolte et al., 2007; Gurlich et al., 2016; Weber et al., 2016).

For multilevel analyses, three consecutive csmsgional surveys in the city of Munich,
conducted between 2004 and 2007 with identical procedures concerning data colleston
considered. Based on the Munich poverty report from 2002 (Romaus & Weizel, 2004) a
sample of primary school enrolment zones were selected where the surveys took place to
adequately represent the socioeconomic range of families within Munich.

The pupose of the multilevel analyses was to use these school enrolment zones as a proxy for
the close neighbourhood environment. Contextual neighbourhood characteristics concerning
the socioeconomic and built environment were included based on the geograpmation

of school districts where the children came from (see chapter 3.2).

18 school zones were identical in the three surveys which could be therefore combined and

pooled for multilevel analysis. Four school zones were a priori excluded because mach zo
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contained only one observation. The final dataset contained 3499 children for whom data for
BMI calculation were fully available. Each school zones included between 117 and 331
children. There were no remarkable differences concerning the sampletaizerbéhe three

surveys (see table 1).

Tablel Number of observations per survey

Survey Number of observations (n = 3499)
Survey 1 1068
Survey 2 1159
Survey 3 1272

Individual data on weight and height were objectively measbsedrained staff. Further
individual characteristics of socioeconomic family factors, parental and child risk factors for
overweight, and perception of the close neighbourhood environment were derived from
parental questionnaires. A detailed descriptioralbfindividual data and derived variables

from the parental questionnaires are listed in the two published papers (Schile, Fromme, et
al., 2016; Schiile, von Kries, et al., 2016).

3.2 Socioeconomic and environmental neighbourhood data from the city of
Munich

Socioeconomic data from 18 selected primary school enrolment zones

For the two multilevel analyses five socioeconomic aggregated variables on the level of 18
school districts were considered to calculate an index describing neighbourhood SEP applying
PCA. Averages from the years 2006 and 2007 were calculated (see table 2). Data on
residential population were obtained from the city council of Munich. Household data on

education were provided by microm GmbH, Neuss, Germany.
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Table2 Socioeconomic characteristics of selected school districts in the city of Munich
(2006/07)

Neighbourhood socioeconomic variables on the |Mean |[Min | Max
school district level (N = 18)

Percentage of residents with no German citizensh 23.16 |13.98 | 31.89

Percentage of residents with a German citizen 12.23 |9.30 |20.50
and a migration background

Percentage of households with lower education |29.65 |20.50 |38.20

Percentage of single parent households 3.48 (2.11 |4.72

Percentage of households with vocatidrahing 38.80 [33.35 |42.85

Socioeconomic data from 108 administrative neighbourhood districts

For the ecological study in the city of Munich eight socioeconomic neighbourhood variables
from 108 administrative neighbourhood districts were considerednfiexi development
describing neighbourhood SEP applying PCA, too. From the city council of Munich data on
unemployment, German citizenship, migration history, and population density were provided.
Population density was considered as an adjustment vamaivigltivariate analysis. Data on
education and occupation were provided by microm GmbH, too. All data were available for
the years 2012013 (see table 3). From these three years the average value was calculated
and used for PCA.

Table3 Socioeconomic neighbourhood characteristics in the city of Munich {2013)

Socioeconomic variables from neighbourhood Mean [Min | Max
districts (N = 108)

Percentage of people in the age groufsdyears |[4.59 |0.5 14.73
receiving unemployment benefit part Il

Percentage of unemployed people in the age groy3.36 |0.77 |6.7
15-65 years receiving social security under Hartz

Percentage of people in the age group below 15y10.17 |0 25.77
receiving social assistance

Percentage of residenisth no German citizenship {24.76 |11.93 |71.77

Percentage of residents with a German citizenshi[ 38.18 |22.87 | 77.73
and a migration background

Percentage of households with lower education [26.33 |18.47 |38.26

Percentage of households with no graduation 65.00 [52.08 |182.74

Percentage of households with vocational training 39.41 |35.46 |46.71
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Population weighted playground and park availability on the level of 18 primary school

enrolment zones

Data onpublic playgrounds and parks were provided by the city council of Munich. Data on
playgrounds included available space for different age groups additionally. Each playground
was categorized into the amount of space for infants y@ars), children (31 years), or

youths (1215 years)For multilevel analysisotal playground space for infants and children
within each school zone was calculated because these age groups were in accordance to the
study population. Park space was intersected with the 18 Iszboes and the amount of

square meters was calculated.

To take into account population characteristics within each school district, the amount of
available square meters of playground space for children agédy8ars was weighted with

the number of redents aged Q1 years. For park space all residents within each school
district were considered for weighting. Agpecific population data from 202007
provided by the city council of Munich were averaged and used for population scaling.
Finally, the ppulation scaled playground and park variables were each categorized into
tertiles (high, middle, and low). The variables are described in detail in one published

multilevel analysis (Schile, Fromme, et al., 2016).

Neighbourhood public greenspace availépilbased on 108 administrative neighbourhood

districts in the city of Munich

For investigating relations between neighbourhood SEP and environmental resspaitiab
data on various land use types including public green space were obtained from the city
council of Munich. Public urban green space included land use types of public parks and

public urban forests (deciduous forests, coniferous forests and robestisf).

Five buffers in steps of 200 m (from 200 m up to 1000 m) were generated around each of the
108 administrative neighbourhood boundaries. Additionally, five different radii on the range
between one and three kilometd®00 m, 1500 m, 2000 m, 2500, and 3000 myere
considered around the neighbourhood centroid. For each catchment area the percentage of
available green space was calculated. A detailed description of the method applied and a

descriptive map are given in the published study (Schidke,&017).

22



3.3 Socioeconomic and environmental neighbourhood data from the city of

Dortmund

Socioeconomic data from 170 neighbourhoods in the city of Dortmund

For analysing environmental inequalities on the neighbourhood level with a focus on healthy
urban panning various socioeconomic data from 170 neighbourhoods were considered (see

table 4). Data were from 2013 and 2014 and were provided by the city of Dortmund.

Table4 Socioeconomic neighbourhood characteristics in the city ofnidnd (2013/14)

Socioeconomic neighbourhood variables Mean [Min |Max
(N=170)

Percentage of people in the age groud8eceiving [13.84 |0 4521
unemployment benefits (2013)

Percentage of resident having a migration backgro(26.21 (2.70|76.62
(2013)

Percentage of residents younger than 15 and older|1.50 |0 10.63
65 receiving social welfare aids (2014)

Percentage of residents receiving either unemployr 10.38 |0 36.57
benefits or social welfare aids (socioeconomic
disadvantage) (2013)

Adggregated environmental neighbourhood data of noise and air pollution

Environmental data were provided by the city of Dortmund. Noise was calculatad as
resulting noise burden from fiveoise sources (airport, tram, train, cars, and industry). Air
qguality in Dortmund was measured with nitrogeioxide (NQ) and particulate matter
(PMyo). Green areas included parks awdett with a size greater than one hect@eeen

areas around each neighbourhood were considered with a 400 m buffer around the
neighbourhood boundaries. A detailed description of these environmental factors and the

thresholds used for analysis is given in the published study (Flacke et al., 2016).
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4 Applied Methods

4.1 Systematic review

The three databases PubMed, PsycINFO, and Wekciehce were searched on tHe &
November 2013 to identify neighbourhood studies with a multilevel modelling approach
considering both socioeconomic and built environmental factors and analysing their influence
on individual health outcomes and heakfated behaviours. In PubMed search terms of

Medical Subject Headings were additionally considered.

Title and abstracts were screened by two reviewers independently with predefined inclusion
criteria. A third reviewer was consulted if there was disagreemione of the inclusion
criteria could not be clearly identified in the abstract, the full text of the record was analysed
for eligibility by one reviewer. The search terms of all three databases and the applied
inclusion criteria are shown in the pidbled paper in detail (Schile & Bolte, 2015).

An explicit search on grey literature was not performed because the review focused on
observational epidemiological studies applying advanced statistical modelling which are most
likely to be found in scientiéi journals. However, to take into account potential publication
bias, the search strategy was not restricted to papers published drepeeed journals.
References of finally included records were additionally checked. As neighbourhood studies
applying a multilevel modelling approach are a relatively recent study type, there were no

restrictions to a specific time period.

In a qualitative analysis independent and interactive effects of the built environment and
neighbourhood SEP towards individual healthre visualized in four tables grouped by
similar health outcomes or healtblated behaviours. No quantitative assessment for risk of
bias in individual studies was performed. However, in each study sample size, number of
observations per neighbourho@ehd total number of considered neighbourhood clusters were
checked because simulation studies showed that small sample sizes in multilevel studies may
result in biased effect estimates (Austin, 2010; Bell et al., 2010; Maas & Hox, 2005;
Moineddin et al., Q07). The review was conducted in accordance to the PRISMA guidelines
(Moher et al., 2009).
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4.2 Contextual neighbourhood effects on child overweight

4.2.1 Principal component analysis

PCA was used as a statistical procedure for generating an index out of theesatesaribing
neighbourhood SEP. It was applied for the eight aggregated socioeconomic characteristics
from 108 neighbourhoods in the city of Munich and for the five aggregated socioeconomic
characteristics from 18 primary school enrolment zones. It eparopriate method for data
reduction of correlated covariables and creates new uncorrelated variables, called principal
components, which are linear combinations of the initial covariables (Tabachnick & Fidell,
2013). The first component had its largesgfeavalue, explained most of the variance, and
was therefore used as an indicator for neighbourhood SEP. Higher values of the index implied
a lower neighbourhood SEP. PCA was performed with the FACTOR procedure in SAS 9.3
(SAS Institute, 2013a)

4.2.2 Multilevel logistic regression

Multilevel logistic regression modelling was applied to correct for clustering of individuals
within the same school district and to estimate variance between school districts separately
from residual variation between individuals (Jakg et al., 2012). The school enrolment
zones were considered as lewelo units with random intercepts allowing the intercept
estimates of each independent variable to vary among school zones.

All individual and contextual neighbourhood variables whialere associated with
overweight with a Wald P <0.2 in bivariate logistic regression were included in multivariate
analysis (Hosmer et al., 2013). The variance inflation factor (MFOEQ/Y) was used to
assess multicollinearity between the caafales. The VIF is calculated with the tolerance (T)
("Y=1-Y). 'Y is the calculated variance of each covariable associated with all other
independent variables. A VIF higher than 10 indicates a serious problem of multicollinearity
(Alin, 2010; Harrell, 2001; Menard, 2002).

By comparing the covariance estimates between single multilevel models, it was assessed
how much variance of overweight between neighbourhoods was explained by individual child
and parental variables, perceived environmentabsures, housing characteristics, contextual
neighbourhood SEP, ag@pecific public playground space, and park availability. All
multilevel models were adjusted for the three survey years considering each survey as a

dummy variable.
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As area level variancparameter estimates in multilevel logistic regression are difficult to
interpret because they are on the log odds scale (Larsen & Merlo, 2005), the proportional
change in variance (PCV) in percent and the median odds ratio (MOR) according to the
equationdy Merlo et al. were calculated (Merlo et al., 2006; Merlo, Yang, et al., 2005). The

PCV is calculated with the formula:
D6 W ®jw PTMT
wherew is the area level variance parameter estimate of the empty model athe area

level variance parameter estimate including covariables.

The MOR is calculated with the formula:

D0Y Qun¢ w T X T U

where w is the area level variance parameter estimate of each model. The MOR describes the
increased risk in median when an individual would move to another area with higher risks
when selecting two areas randomly. A MOR greater than one would indicate area level
variations in the probability of being overweight and a MOR equal to one would mean no

variation on the area levelhe GLIMMIX procedure in SAS 9.3 was applied for multilevel
model calculation (Ene et al., 2014; SAS Institute, 2013c).

In one multilevel analysis considering the perceived built environment and objectively
measured playground and park space in addition to neighbourhood SEP (Schile, Fromme, et
al.,, 2016) the Akaike Information Criterion (AIC) (Akaike, 1974) and the Bayesian
Information Citerion (BIC) (Schwarz, 1978) were considered to measure the relative
goodness of fit. Therefore, parameter estimation was based on maximum likelihood
estimation with the Laplace method which approximates a marginal log likelihood. This
method was selected ensure unbiased model comparisons because of a true likelihood

approximation (Schabenberger, 2007).

4.2.3 Multiple imputation of income data

Multiple imputation for the missing values of the categorical income variable was performed
in order to check wheér the parameter estimates of the independent variables change.
However, multiple imputation of hierarchical data is still a research area with many open
issues (Van Buuren, 2011). There is still no standard procedure on how multilevel data can be
imputedand then adequately be analysed and pooled. For example, the Ml procedure in SAS
still ignores the clustering structure. One of the main challenges is to pool the estimates from
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the variance components in order to obtain valid covariance parameter estiR@béng
estimates is possible within the MIANALYZE procedure, however, there is still no method to
pool covariance estimates from the random intercept part. Some macros were already
developed in order to solve these issues (Mistler, 2013a, 2013b), drpwbey have
limitations, too. For example, these macros are primarily applicable for continuous data and

are not appropriate for ordinal variables.

The method of cumulative logistic regression imputation within the Ml procedure in SAS 9.3
was applied with is appropriate for ordinal variables (Allison, 2005; Ault, 2012; Berglund,
2010; SAS Institute, 2013d). Within the MI procedure a-stgp approach was performed. A
monotone missing pattern was produced which is a precondition for performing multiple
imputation of ordinal variables. The following variables were used to impute the categorical
income variable: nationality of the child, parental education, parental working status, single
parenthood, and crowding. To consider the clustered data struciioe] gones were taken

into account as dummy variables within the imputation procedure. The MIANALYZE
procedure (SAS Institute, 2013e) was applied to generate valid standard evatges and

95 % confidence intervals (Cls) for the fixed effects andcambine the results of the

multilevel analyses performed with the GLIMMIX procedure (SAS Institute, 2013c).
4.3 Environmental neighbourhood inequalities

4.3.1 Generalized linear models (Munich)

Log-gamma regression belonging to the group of generalized linear sn(@eMs) was
applied for analysing associations between neighbourhood SEP and green space availability.
GLMs hypothesize that the response variable follows a selected probability distribution of the
exponential family. A general link function links the exped mean of the response variable

to the linear predictor. In contrast to linear regression where a normal distribution of the
response variable is assumed, which is often achieved by transforming the original data,
GLMs have the advantage that the lifllction achieves linearity separated from the
distribution of the response variable. As a result-mommal response data can be predicted
linearly and it is possible to make inferences about arithmetic means while keeping their
original scale which malseinterpretations of parameter estimates much easier. The gamma
distribution was chosen as a hypothesized response distribution because it is suitable for
modelling positive continuous response variables resulting ishkeftved distributions which

is thecase for the green space variables (Fox, 2016). The logarithmic function was selected as
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the link function which assumes a multiplicative effect on the outcome by the selected
predictor variables. By exponentiating the coefficients, the linear predictdiecanterpreted

as the factor by which the arithmetic mean of the outcome is multiplied. The GENMOD
procedure was applied in SAS 9.3 for model calculation (SAS Institute, 2013b).

4.3.2 Correlation analysis (Dortmund)

Spearman rank correlation coefficients (&pean, 2010) between the four socioeconomic
neighbourhood variables were calculated in order to identify an indicator describing
neighbourhood SEP for the 170 neighbourhoods in the city of Dortmund. Relationships
between neighbourhood SEP and environmevaiaiables were analysed on a continuous
scale with spearman rank correlation coefficients, too, because ofreonoal distribution of

the data.

Quartiles of neighbourhood socioeconomic variables and environmental variables were
generated in order to dgae associations between categorical socioeconomic and
environmental neighbourhood variables with-shuared tests (Agresti, 2013). For mapping
cumulative environmental burdens, environmental variables were categorized in quartiles

from 1 (low) to 4 (vey high).
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5 Summary of results

5.1 Evidence on independent and interactive health effects of neighbourhood

contexts

The following figures and tables summarize the results from the systematic review on
multilevel studies investigating both neighbourhood SEP lamtt environmental factors
towards individual health outcomes or healthated behaviours. A detailed qualitative
analysis of associations found in the reviewed studies is shown in the result section in the
published paper (Schiile & Bolte, 2015).

After abstract screening, full text analysis, and check of references 33 studies were considered
for qualitative analysis. Except of one study, all had a esestonal study design and 18 of
them were conducted in the United States. Only two studies werefigtritom Germany

(see figure 3). Most studies examined an adult population sample.

Figure 3 Number of studies identified by country
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Seven studies investigated exclusively outcomes measuring various forms of physical activity
(see figure 4). Five of these seven studies analysed an adult population sample (Owen et al.,
2007; Sundquist et al., 2011; Van Dyck, Cardon, Deforche, Owen,, &040; Van Dyck,
Cardon, Deforche, Sallis, et al., 2010; Ming Wen & Zhang, 2009), one adolescents (De
Meester et al., 2012), and one study focused on pédplgears old (Riva et al., 2009).

Six studies examined measures indicating overweight or obesity either directly with the BMI
as a continuous variable or with BMI thresholds for overweight or obesity (Grafova et al.,
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2008; Inagami et al., 2009; K. Moore et al., 2013; Ross et al., 200C; Wang et al., 2007;
M. Wen & KowaleskiJones, 2012). One of these six studies considered peo{8ié vi&ars
old (K. Moore et al., 2013), and one analysed a study popul@®iyears old (Grafova et al.,
2008). The other four studies considered an guhgtilation sample

Five studies analysed both measures of physical activity and overweight (Stephanie A. Prince
et al.,, 2012; S. A. Prince et al., 2011; Sallis et al., 2009; Scott et al., 2009; Slater et al., 2010)
including one study which considered nanand physical quality of life, and depressive
symptoms additionally (Sallis et al., 2009). All studies looked at adults, except of one study

which focused on students-18 years old (Slater et al., 2010).

Four studies investigated how neighbourhood exintvas associated with perinatal health
outcomes (Genereux et al., 2008; Ponce et al., 2005; Williams et al., 2007; Zeka et al., 2008).
One study had a longitudinal study design focusing on accidents and injuries in chifiren 0
years old (Reading et aR008)

Five studies analysed seHted health or selfeported health problems (Cummins et al.,
2005; Freedman et al., 2011; Freedman et al., 2008; Matthews & Yang, 2010; Stafford et al.,
2005). One study focused exclusively on stress (Yang & Mattheédi€))2one on smoking
(Chuang et al., 2005), one on heavy alcohol consumption (Pollack et al., 2005), and two on
objectively measured coronary artery calcification (Dragano, Hoffmann, Moebus, et al., 2009;
Dragano, Hoffmann, Stang, et al., 2009). Four ekéhfive studies looked at older adults, two
included people(®5 years old (Freedman et al., 2011; Freedman et al., 2008) and two
considered people 4B years old (Dragano, Hoffmann, Moebus, et al., 2009; Dragano,

Hoffmann, Stang, et al., 2009).
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Figure4 Number of studies identified by health outcomes and health behaviours
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Sixteen studies calculated an index capturing various socioeconomic characteristics of the
neighbourhood population describing neighbourhood SEP (Chuang et al., 2005; Cummins et
al., 2005; Freedman et al., 2011; Freedman et al., 2008; Grafova et al., 2008; Inagami et al.,
2009; Matthews & Yang, 2010; K. Moore et al., 2013; Pollack et al., 2005; Stephanie A.
Prince et al., 2012; S. A. Prince et al., 2011; Scott et al., 2009; Staffatd 2005; M. C.

Wang et al., 2007; M. Wen & KowalesBones, 2012; Ming Wen & Zhang, 2009; Yang &
Matthews, 2010). The others used single indicators of neighbourhood SEP, such as measures

of income, education, poverty, or unemployment.

The objective budi environment was described with a variety of measures. Indices for
walkability, land use mix, and urbanity were mostly used. Single land use types were also
considered, such as retail, recreational areas, restaurants, fast food outlets, cultural and
edua@tion institutions, or health and human services. Environmental pollution, such as from
traffic or waste sites, was mainly investigated in studies focusing on perinatal health, mental
health, or selfated health. Eleven studies measured built environmerfosures on the
individual level (Chuang et al., 2005; Dragano, Hoffmann, Moebus, et al., 2009; Dragano,
Hoffmann, Stang, et al., 2009; Genereux et al., 2008; K. Moore et al., 2013; Pollack et al.,
2005; Ponce et al., 2005; Scott et al., 2009; M. C. y\&nal., 2007; Williams et al., 2007,

Zeka et al., 2008)
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Tables 58 show associations and interactions of socioeconomic and built environmental
factors sorted by analysed outcomes. The tables represent counted number of associations and
do not include ay qualitative assessment, such as after strengths of associations or sample
size. A significant relationship in the final multilevel model, defined withvalpe <0.05 or a

95% CI not including one, was counted as an independent association. The culitimns
interactions comprise associations which were only significant for one specific characteristic

in stratified analysis, significant associations in stratified analyses and differences in the
parameter estimates, or significant interaction terms. Theucmns A NoOo associ at.

reported parameter estimates witkigdues >0.05 or 9% Cls including one.

Eleven positive associations between objectively measured walkability and individual
physical activity independent of neighbourhood SEP and indavithctors were identified.

Most multilevel studies did not find a significant association between neighbourhood SEP and
physical activity measures. There was also a trend that the availability of sport facilities was
not associated with individual physicactivity. Noise and air pollution, public institutions,

and public transport were not significantly associated with physical activity (see table 5).

Table5 Number of associations between neighbourhood contexts and physica&y activi

Contextual factors Independent associatidhg Interactiond | No associatior’

Neighbourhood socioeconomic position 4 2 23

Built environment

Noise and air pollution - -

Open and green space -

alnN

Walkability 11

Public institutions - -

Sport facilities 1 -

Retail - 2

Density (buildings and residents)

1
Restaurants (fast food included) 2 1
Land use mix indices 2

NIWIAIN|FRPIOININ]BA|W

Public transport - -

Total built environment 17 10 34

b Significant relationships with-galues <0.05 in the final multilevel model or 96 ClIs not including one
2 sjgnificant associations of one specific characteristic in stratified analysis, significant associations in stratifie
analyses and differencestime parameter estimates, or significant interaction terms
% Associations with pralues >0.05 or 95 % Cls including one
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Eleven independent relationships between neighbourhood SEP and measures of overweight
were identified (see table 6). A low neighbourhood SEP was associated with outcomes for
overweight or obesity. Identified associations between built environmental faatoks
overweight were mixed and both significant and -s@nificant associations were found for

most factors.

Table6 Number of associations between neighbourhood contexts and overweight

Contextual factors Independent associatidhg Interactiond | No associatior’

Neighbourhood socioeconomic position 11 2 5

Built environment
Noise and air pollution - 1 3
Open and green space 1 3 2
Walkability 4 1 6
Sport facilities 1 1 1
Retail - 4 2
Density (buildings and residents) - - 3
Restaurants (fast food included) 2 2 3
Total built environment 8 12 20

b Significant relationships with-galues <0.05 in the final multilevel model or 96 ClIs not including one

2 significant associationsf one specific characteristic in stratified analysis, significant associations in stratified
analyses and differences in the parameter estimates, or significant interaction terms

% Associations with gvalues >0.05 or 95 % Cls including one

For further health problems and health behaviours results on associations of neighbourhood
SEP were mixed and significant associations, no associations, and interactions were
approximately balanced (see table 7). Also for noise and air pollution mixels resue

found across studies. For walkability most studies did not find significant associations, and

also for sport facilities and density measures no associations were identified.
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Table7 Number of associations between neigitbmod contexts and health problems and

health behaviours

Contextual factors Independent associatidhg Interactiond | No associatior’
Neighbourhood socioeconomic position 6 6 10
Built environment
Noise and air pollution 3 2 5
Walkability 2 - 6
Public institutions - 2 2
Sport facilities - - 2
Retalil - 4 2
Density (buildings and residents) - - 5
Empty buildings - 2 -
Total built environment 5 10 22
D Significant relationships with-palues ©.05 in the final multilevel model or 3% ClIs not including one
2 significant associations of one specific characteristic in stratified analysis, significant associations in stratifie
analyses and differences in the parameter estimates, or signifitamaction terms
% Associations with pralues >0.05 or 95 % Cls including one

For perinatal and child health associations of neighbourhood SEP were also mixed. Regarding
the built environment, mostly traffielated measures were analysed and nsbstlies
identified significant interactions (see table 8). Measures of noise and air pollution mostly
interacted with characteristics describing individual or neighbourhood SEP. However, no
systematic findings were found across studies on how neighbou8t&®dr individual SEP

influenced relationships between measures of air and noise pollution and infant health.

Table8 Number of associations between neighbourhood contexts and child health

Contextual factors Independent associatigh | Interactiond | No associatior’
Neighbourhood socioeconomic position 2 1 2
Built environment
Noise and air pollution 1 7 7
Open and green space - 1 2
Building characteristics - - 1
Total built environment 1 8 10

b significant relationships with-palues <0.05 in the final multilevel model or 9%6Cls not including one

2 significant associations of one specific characteristic in stratified analysis, significant associations in stratifie
analyses and differencestime parameter estimates, or significant interaction terms

% Associations with pralues >0.05 or 95 % Cls including one
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To summarize, there was a great heterogeneity across studies concerning study designs,
reporting of multilevel results, and definedeasures of neighbourhood SEP and built
environments which made quantitative analysis not possible. This systematic review found
out that most consistent relationships were found between built environmental factors and
physical activity outcomes. Studi@gich investigated associations between neighbourhood
context and overweight found most consistent associations for factors describing
neighbourhood SEP. Although interactive effects between neighbourhood contextual factors
and individual characteristics ere present across all analysed outcomes, no systematic

patterns of modifying factors could be identified.

5.2 Neighbourhood context and overweight in children

Neighbourhood SEP, individual SEP, and overweight

In the final multilevel model low or middle paraheducation and ne@erman nationality of
the child were positively associated with
describing individual SEP remained not significant. Furthermore, a low neighbourhood SEP

was positively associated with @weight independent from individual factors.

The full model including neighbourhood SEP explained additional %9.between
neighbourhood variance of overweight. However, the neighbourhood intercept variance
estimates from which the PCV was calculatedrsttbwide Cls. The sensitivity analysis with
multiple imputed data for missing values on household income revealed similar estimates for
individual variables and contextual neighbourhood SEP. All results are described in detail in
the published paper (Scleiivon Kries, et al., 2016).

This multilevel analysis showed that individual determinants explained most of the between
neighbourhood variance of overweight in children. The socioeconomic context was associated
with overweight independently from individualverweight determinants and additionally
explained differences in overweight between neighbourhoods suggesting underlying pathways

of built or social environments influencing overweight in children.

Neighbourhood SEP, built environmental factors, andweght. Disentangling individual

and contextual relationships

The first multilevel null model with no covariables had a MOR of 1.32 indicating area level
variations for individual probability of being overweight. In the second model including

individual chld and parental factors, a high birth weight, parental overweight and obesity, and
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l ow or middle parental education were positi
third model perceived built environmental exposures and housing charazdenstre
additionally considered. Only living in a multiple dwelling was positively related with

overweight.

In the final model, taking individual and contextual characteristics into account,
neighbourhood SEP, agpecific playground space, and public parailability were not
independently associated with overweight. All variables which were significantly associated

with overweight in the second and third model remained significant.

Comparing the PCV between the four models, individual parental andfabitis explained
66.8% of the area level variance. In the third model perceived parental built environmental
exposures and housing characteristics explained%1additionally. In the final model the
covariance parameter estimate from random intereegdészero. As a result, no differences on
the area level concerning probabilities of being overweight existed in the final model, and
neighbourhood SEP and playground and park space explained the remainifig dfla8ea

level variance. All results are desxed in detail in the published paper (Schile, Fromme, et
al., 2016).

This multilevel analysis showed that individual child and family factors played the most
important role for overweight in children. Both perceived and objective measures of the built
ervironment, and the socioeconomic neighbourhood context played a subordinate role
because most characteristics were not associated with overweight and explained less variation

of overweight differences between neighbourhoods than individual detetsiina

5.3 Environmental inequalities on the neighbourhood level

Based on spearman rank correlation coefficients between the four aggregated neighbourhood
socioeconomic variables the combined variable describing percentage of residents receiving
either unemployment Ipefits or social welfare aids (socioeconomic disadvantage) was used
as an indicator describing neighbourhood SEP in the city of Dortmund. This variable

correlated most strongly with the other socioeconomic neighbourhood factors

Spearman rank correlatiorcoefficients and chi square tests further showed that
neighbourhood socioeconomic disadvantage was significantly negatively correlated with
green space availability and significantly positively correlated with Bi@ PMo. Higher

values of the variable deribing neighbourhood disadvantage imply a higher degree of
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socioeconomic deprivation. There was no significant correlation between neighbourhood
socioeconomic disadvantage and noise pollution. Results of the statistical tests, descriptive
maps showing # spatial distribution of socioeconomic environmental disparities, and

identified hotspots are provided in the published paper (Flacke et al., 2016).

This case study showed that both socioeconomic and environmental indicators available on
administrative mall areas provided a good starting point for analysing environmental
inequalities in an urban context. The identification and mapping o$pguis facing multiple

environmental burdens were a good precondition for urban planning interventions.

5.4 Socioeconomic disparities of neighbourhood public green space

Multivariate associations between neighbourhood SEP and green space availability with

different neighbourhood buffers in the city of Munich

In multivariate loggamma regression a lower neighbourhood S#d#3 associated with
decreasing neighbourhood green space availability. For example, with one standard deviation
increase of the neighbourhood SEP index on a continuous scale there was on average 21 %
less green space available within a neighbourhood imgud 200 m buffer around the
boundaries additionally. When categories of neighbourhood SEP were analysed,
neighbourhoods with a low SEP had on average 43 % less green space available including a
200 m buffer than neighbourhoods with a high SEP.

Multivariate associations between neighbourhood SEP and green space availability measured

from neighbourhood centroids with different radii in the city of Munich

A low neighbourhood SEP was also associated with decreasing neighbourhood green space
availability basedn catchment areas measured from neighbourhood centroids with different
radii. In both continuous and categorical models a lower neighbourhood SEP was
significantly related with decreasing availability of green space. With an increasing radius
there was alecrease of the strength of the association. On a continuous scale with one
standard deviation increase of the neighbourhood SEP index there was on average 27 % less
green space available for the 1000 m radius. For the 3000 m radius with one standard
deviation increase of the neighbourhood SEP index there was on average 9 % less green space
available. This trend was similar for the categorical models. For the 1000 m radius
neighbourhoods with a low SEP had on average 52 % less green space available than

neghbourhoods with a high neighbourhood SEP, whereas for the 3000 m radius low SEP
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neighbourhoods had on average 21 % less green space available than neighbourhoods with a
high SEP.

This case study in Munich showed that both geographic methods for defataignent areas
of green space availability on the neighbourhood level revealed evidence on disproportional

distributions of public green space by neighbourhood deprivation
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6 Discussion and critical reflexions of methods and results

6.1 Evidence on pathways between neighbourhood contexts and individual
health

In a systematic review it was analysed how characteristics of neighbourhood SEP and the
objective built environment were associated with individual health outcomes or-tedatéd
behaviours if both dnensions were considered simultaneously in multilevel modelling. A
further focus was to look at interactions between neighbourhood SEP, the built environment,

and individual factors, such as individual SEP.

Outcomes of physical activity and overweight wdre most frequent analysed outcomes. In
many multilevel studies a low neighbourhood SEP was independently associated with
overweight or obesity. In contrast, studies investigating outcomes of physical activity found

mostly no independent relationshipstwiteighbourhood SEP.

Many studies showed an independent relation of neighbourhood SEP with individual
overweight while simultaneously adjusted for built environmental and individual factors
(Grafova et al., 2008; Inagami et al., 2009; K. Moore et al., 2Bb3s et al., 2007; Sallis et

al., 2009; Slater et al., 2010; M. C. Wang et al., 2007; M. Wen & Kowalesias, 2012).
Although the effect of neighbourhood SEP on overweight measures was small in most final
multilevel models, this systematic trend sugdgedifferent underlying causal pathways
between neighbourhood SEP and overweight than for physical activity where no clear
systematic independent relationships for neighbourhood SEP were found. Referring to the
proposed conceptual model in chapter 1.5 @atons between neighbourhood SEP and
overweight could be attributed to omitted individual or contextual characteristics from the
built or social environment which explain independent relations between a low

neighbourhood SEP and individual overweight.

There were mostly mixed results on associations between built environmental factors and
overweight, physical activity, health problems and behaviours, and child health. For physical
activity measures most consistent results were found for walkability indscam the
neighbourhood environment. Studies showed that a higher walkability index was associated
with higher moderatéo-vigorous physical activity or increased walking behaviours
independent of neighbourhood SEP and individual factors (Sallis ed@@; undquist et al.,

2011; Van Dyck, Cardon, Deforche, Sallis, et al., 2010). The walkability index was the only

comparable built environmental factor across studies. It is a composite index which combines
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different urban forms of the built environmentiah are relevant for people being active. The
four main components being represented in the index are residential density, data on retall
areas, intersection density, and land use mix indices (Lawrence D. Frank et al., 2006; L. D.
Frank et al., 2010). Thisystematic finding suggests a direct effect of objectively measured
built environmental factors improving walkability on individual physical activity independent

of socioeconomic characteristicsindlividuals or neighbourhoods.

Most studies reported nalés from their final multilevel model, where estimates were
mutually adjusted for neighbourhood and individual factors. Therefore, no systematic
comparison of multilevel models which analyse only the contextual influence of
neighbourhood SEP, and whichnsider both neighbourhood SEP and the built environment,
all adjusting for the same individual characteristics, was possible. Such a comparison would
give a better understanding to what extent built environmental factors explain independent

associations liereen neighbourhood SEP and individual health.

For most built environmental factors there was limited comparability. The majority of all
studies calculated weighted numbers of various facilities, such as stores, sport and
recreational facilities, parks, oestaurants. There was a great variety concerning the weights
that were used. Weights being most often used were fixed number of residents, number of
neighbourhood residents, neighbourhood size, or square kilometre. Moreover, many studies
calculated indies, mostly derived from factor analysis. The number and kind of built
environmental variables contained in these scores was too heterogeneous for drawing
comparisons. A minority of studies calculated distance based measures, such as to main roads,
stores,or parks. Distances were calculated either from individual home addresses or from
neighbourhood centroids.

The great heterogeneity of metrics and definitions being used for calculating built and also
socioeconomic neighbourhood variables may further expfaixed results. A study from
Montréal investigated whether different aggregation and distance methods to measure the
accessibility of health care services in the neighbourhood may lead to different results.
Results showed that various distance based msthoe strongly correlated, however, for
different aggregation methods errors were observed which could lead to imprecise estimates
in studies investigating neighbourhood health effects (Apparicio et al., 2008). The limited
comparability across studies whi investigated contextual neighbourhood effects is

consistent with previous systematic reviews, which focused either on a specific health
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outcome or exclusively on one neighbourhood environmental dimension (Ding et al., 2011,
Feng et al., 2010b; Mair ek 22008; Metcalfe et al., 2011).

The systematic review showed mixed and partially contrasting results on interactions between
neighbourhood SEP, built environments, and individual factors. Sex, ethnicity, or individual
SEP often modified associations betm neighbourhood SEP or the objective built

environment and individual health.

One study observed an impact of a health promoting built environment only in
neighbourhoods with a low SEP (De Meester et al., 2012). On the other hand there were
studies demastrating that associations between a higher built environmental burden and poor
health or negative health behaviours were only significant or stronger in neighbourhoods with
a high SEP (Chuang et al., 2005; Genereux et al., 2008). Furthermore, there were
characteristics of the built environment and neighbourhood SEP from which only dgoaren
merts health or healthelated behaviours benefited or suffered (Dragano, Hoffmann, Moebus,
et al., 2009; Dragano, Hoffmann, Stang, et al., 2009; Freedman et al,,F26&@dman et al.,

2008; Grafova et al., 2008; Stephanie A. Prince et al., 2012; S. A. Prince et al., 2011; Stafford
et al., 2005; M. C. Wang et al., 2007). However, no systematic findings which specific factors
of neighbourhood SEP or the built environméave stronger effects to nsnor womags

health were found across studies.

Therefore, this review suggests that aspects of sex/gender differences towards associations
between socioeconomic and neighbourhood built environments and health need further
investigations. Local specific social policies, or shared social norms and values may further
contribute to sex/gender specific differences towards contextual neighbourhood exposures and
neighbourhood perceptions. Moreover, there is still need for furttsmareh how SEP
characteristics, both on the neighbourhood and individual level, modify associations between
built environments and health and which underlying pathways explain these interactions. As
introduced in chapter 1.3 and in the proposed conceptadel in chapter 1.5, psychosocial
mechanisms, such as contextual induced psychosocial stress or benefits, should be considered

when aspects of socioeconomic vulnerability are investigated.
Limitations and strengths

The main strength of this review is that there was an exclusive focus on multilevel studies
which considered both characteristics of neighbourhood SEP and the objective built
environment simultaneously. This offered a detailed summary of independerdne|adi
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individual health outcomes and behaviours and interactions between these two environmental
dimensions and individual factors. The systematic consideration of interactions on the
neighbourhood and the individual level revealed new insight whichtihelge dimensions

play in epidemiological neighbourhood research and identified where further research is
needed. A further strength is that the systematic search was not restricted to specific health
outcomes or age and population groups. As a resultast possible to identify for which
health outcomes, healtkelated behaviours, or population groups evidence is lacking and

further research is necessary.

A first limitation of this systematic review is that the qualitative analysis only visualized
significance or nossignificance and direction of associations or interactions and did not make
any comparisons on strength of the associations. A second limitation is that only titles and
abstracts were screened with the developed search code. Besides thadited Bubject
Headings used in the PubMed database may not correspond to selected keywords by authors.
Therefore, the search strategy was maybe not sensitive enough and could not identify all
relevant studies. To reduce this limitation, all referencaesabfided studies were checked. A
separate search in sources of grey literature was not performed. However, we could not

identify relevant grey literature which was cited in included studies.
Recommendations for future multilevel research

Based on this reew the following recommendations for future research in the field of
multilevel neighbourhood studies are given. For getting a deeper understanding of causal
pathways between neighbourhood context and individual health the consideration of built or
socialenvironmental factors as mediating variables would contribute to a deeper theoretical
understanding of neighbourhood health inequalities. Innovative methods from the field of
mediation analysis can be applied for different study designs including alstiilevaludata
structure (Krull & MacKinnon, 2001; MacKinnon et al., 2007).

Furthermore, conceptual models from the scientific field of risk assessment with a specific
focus on different forms of vulnerability and cumulative environmental exposures on the
individual and neighbourhood level may provide a good theoretical basis to identify relevant
vulnerability factors. Such conceptual models provide a good starting point to differentiate
between various stressors coming from the built environmental, suobise pollution, or
which can be identified on the individual level, such as psychosocial stress or a low individual
SEP (deFur et al., 2007; Levy, 2008).
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The review detected that sex/gender specific differences in associations between built and
socioecaomic neighbourhood environments and individual health outcomes and behaviours

exist. Therefore, integrating gender theoretical concepts and intensifying gender related
discussions in epidemiological neighbourhood health studies is highly recommended

(Hammarstrom et al., 2014; Krieger, 2003).

There is a need to adhere to guidelines on how results from multilevel modelling should be
reported. One key feature of multilevel models is that they are able to sort out variance
components both on the neighbourtioand individual level which provide important
information how individual health varies between and within neighbourhoods, and how much
of these variance can be explained by contextual factors. Existing glossaries and tutorials
about multilevel modelling hich support a better reporting of multilevel results should
therefore receive more attention (Diez Roux, 2002; Merlo et al., 2006; Merlo, Chaix, et al.,
2005).

In some studies it was not clear what kind of cilesel or withinlevel interactions were
andysed. Therefore, researchers are encouraged to systematically fegodt which cross

level or withinlevel interactions were analysed regardless of their statistical significance.
Moreover, most studies did not provide descriptive statistics about sample sizes of individual
observations per neighbourhood cluster whighimportant for assessing potential bias of
effects or variance estimates. Publishing such statistical information would make quantitative

comparisons of multilevel models across studies easier.

The review revealed a great heterogeneity of metrics anditoafs of variables describing
the built environment. The only and most consistent built environmental factor across studies
was the walkability index. More of such standardized indices measuring the built environment

would increas comparability acrossiglies.

Finally, more studies considering both environmental dimensions are needed which focus on
children, because they are more vulnerable to environmental burdens than other population
groups (Tamburlini, 2002). Moreover, there is a lack of studieysingl how neighbourhood

SEP and built environmental factors influence mental health outcomes, such as depression
(Orban et al.,, 2016), or healtblated risk behaviours, such as smoking or alcohol

consumption.

43



6.2 Contextual neighbourhood effects on child over weight

The influence of both neighbourhood SEP and built environmental factors on overweight was
analysed in two multilevel analyses with cregstional data on 3499 children from 18 school
enrolment zones in the city of Munich. The first analysis constla socioeconomic index
derived from PCA describing neighbourhood SEP as a contextual neighbourhood variable. A
low neighbourhood SEP was significantly associated with overweight while simultaneously
considering important risk factors for children on tmelividual level which suggest
underlying pathways of the built or social environment explaining relations between

neighbourhood SEP and overweight.

Apart from neighbourhood SEP the second multilevel analysis considered population
weighted built environmsdal variables of playground space and public park space as
contextual variables on the neighbourhood level. Apart from relevant individual risk factors
for child overweight, such as parental overweight or SEP, perceived environmental
neighbourhood variabs and housing characteristics were additionally considered on the
individual level. Both contextual neighbourhood variables and perceived environmental
variables were not significant in the final multilevel model. Only people living in a multiple

dwelling had a significantly higher chance being overweight than people living in other house

types.

Although neighbourhood SEP was independently associated with overweight in children in
our first analysis, both studies showed that individual child and fanutgri@played the more
important role for overweight in young children. A high birth weight, parental overweight,
and low parental education were significantly associated with overweight in the final
multilevel model. However, both neighbourhood SEP andgdexd and objective built
environmental neighbourhood factors explained additional overweight variance between

neighbourhoods.

Results of individual factors are in line with previous studies investigating most relevant
individual risk factors for overwght in young children. A systematic review by Shrewsbury
and Wardle identified that low parental education was the most consistent socioeconomic
indicator which was associated with overweight in childhood (Shrewsbury & Wardle, 2008).
Other studies from Garany are also in line with our result: The German Health Interview
and Examination Survey for children and adolescents (KiGGS) identified parental overweight

and a low SEP, measured with parémtg€ome, education, and occupational status, as the
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strongestpredictors for overweight (Kleiser et al., 2009). A study published by Danielzik et
al. on 57 years old children determined parental overweight, low SEP, and a high birthweight
as the most important risk factors for these age group, too (Danielzik20GH).

There is also evidence from previous multilevel studies that factors indicating a low
neighbourhood SEP were associated with overweight in young children independent of
individual socioeconomic factors (Grow et al., 2010; Koller & Mielck, 2009y LOliver &

Hayes, 2005; Lisa N. Oliver & Hayes, 2008). There was great heterogeneity which and how
many individual SEP and neighbourhood SEP measures were considered. Most studies
considered only single socioeconomic neighbourhood factors, such as eseafsurcome,
unemployment, or education, and did not combine them into an index. Some studies only took
into account single proxies for describing individual SEP, such as the mother tongue (Koller
& Mielck, 2009) or the insurance status (Grow et al., 20Moreover, these identified

studies did not consider birth weight and parental overweight as potential confounders.

If not all important characteristics describing individual SEP are considered as confounders
on the pathway between neighbourhood SEP amdrweight, detected relations of
neighbourhood SEP might reflect neighbourhood composition instead of underlying
contextual relationships (Pickett & Pearl, 2001). There are also studies showing that
socioeconomic measures on the area level do not nebessélect individual SEP (Diez

Roux et al., 2001; PardGrespo et al., 2013). Pardirespo et al. compared parental
education and family income on the individual level and educational and family income data
on the area level in the context of overweightchildren, low birthweight, and smoking
exposure at home. Concordance analysis showed low Gokegppa coefficients suggesting a

poor agreement between individual and area SEP measures.

Although there is heterogeneity across published studies on hdtv emvironmental
measures were assessed, studies on young children which simultaneously considered
perceived or objective built environmental characteristics, neighbourhood SEP, and individual
child and family factors showed comparable findings. Percepesg@ntal neighbourhood
characteristics, such as of green space, physical disorder, places to play, or access to
supermarkets were not significantly associated with overweight in young children (Hawkins
et al., 2009; Hrudey et al., 2015).

Hawkins et al. dund out that children with no access to a private garden were significantly
more likely to be overweight than children having access, adjusted for individual SEP and
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further overweight risk factors (Hawkins et al., 2009). This association sustains the
exgdanation of the significant house type variable where children living in multiple dwellings
had higher odds being overweight than children living in different houses. As most residents
in multiple dwellings do not have access to a private garden, chitdngld be limited in
performing outdoor physical activity in their immediate home environment. Studies focusing
on outdoor play of young children found out that outdoor play was inversely associated with
BMI of young children (Kimbro et al., 2011). Therefisther evidence that outdoor physical

activity of children happened mostly in a private yard at home (Veitch et al., 2010).

Results from studies investigating objective measures of the neighbourhood built environment
and their influence on overweight iyoung children are also consistent with our hon
significant results of agspecific playground space and park availability, even when built
environmental measures based on individual home addresses were available in these studies.
Based on distances to ptaounds from individual home addresses Burdette found no
independent relation to overweight irb3year old children while simultaneously considering
aspects of neighbourhood safety, proximity to fast food restaurants, household income, age,
sex, and ethnity (Burdette, 2004). Although there were no individiedme addresses
available in theGME data, it was possible to consigéayground space specifically designed

for young children and to take into account age specific population weights of each
neighbourhood.

Potwarka et al. assessed public park availability with a variety of measures. Absolute number
of parks within 1 km, park areas within 1 km, and distance to the closest park from home
addresses were calculated. Multivariate analysis revealedlapendent association between

each of this three park variables and overweight-thy2ar old children (Potwarka et al.,
2008). Potestio et al. measured spatial access to public parks and recreation areas objectively
in four different ways: Total numberep 10 000 residents, proportion of park area and park
service area in the neighbourhood, and average distance to nearest park from postal code
location of the child. The final multilevel model showed no significant association between

one of the park varides and overweight in children&years old (Potestio et al., 2009).
Limitations and strengths

One of the major strengths of the two multilevel analyses is to provide new evidence for the
population group of younger children because there is still a lack of knowledge how
contextual neighbourhood factors influence health in early childhood, espéti@ermany.
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Furthermore, the study considered a wide range of indicators describing SEP both on the
individual and neighbourhood level together with further important child and family factors,
suchas parental BMI or birthweight.

One limitation is that @ministrative school enrolment zones were used as a proxy for the
neighbourhood environment. There is no knowledge to what extent these administrative zones
correlate with the perceived and used neighbourhood environment of the children and their
parents.

There were no data available on average household income on the neighbourhood level which
is a further socioeconomic indicator often considered in neighbourhood studies. Moreover, no
further data of potential individual risk factors, such as smoking dupregnancy,
breastfeeding, or data on nutrition were available which potentially confound associations
between contextual neighbourhood variables and individual overweight. However, there is
evidence at least for Germany that parental overweight, highweight, and socioeconomic
indicators are the main determinants for overweight in early childhood (Danielzik et al.,
2004), and all these individual determinants were considered in multilevel modelling.

The study did not include individual data to whatest parents and children use parks or
playgrounds in their living environment and which neighbourhood factors might influence
parents and their children to visit public playgrounds (Miles, 2008). Besides that, playground
and park space data were aggregjatethe neighbourhood level because no individual home

addresses were available.

For analysing randorslopes and crodsvel interactions18 level twounits might be too low.
Although simulation studies showed that 18 level twaits may be enough fordrarchical
logistic regression modelling (Austin, 2010), our random intercept estimates should be
interpreted with caution. Furthermore edio the small number of level twmits and the non
significant associations between built environmental factors @retweight multilevel
mediation analysis was not possible in order to explain how much of the association between
neighbourhood SEP and overweight was attributable to factors from the built environment.

As both multilevel analyses were cressctional coalusions about causal relationships
should be made with caution. However, for all analysed factors reverse causation is very
unlikely. The crossectional study design was not able to take into account residential
mobility and to examine whether individsawere exposed to different neighbourhood
environments before data collection. Besides that, selective residential mobility may bias
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detected relationships between neighbourhood contexts and health. If the health outcome
being analysed influence the chomfeneighbourhood selection in individuals, estimates may
become biased and inconsistent. Previous studies which showed biased result due to
residential selselection considered adolescents or adults (Bétaironen et al., 2010;
Jokela, 2014; Zick et al.2013). There is still need for further research to what extent
neighbourhood selelection bias is present in studies analysing neighbourhood health effects
in children.

6.3 Socioeconomically driven environmental neighbourhood inequalities

Two ecological stdies on the neighbourhood level in Munich and Dortmund investigated
whether neighbourhoods with a lower neighbourhood SEP were exposed to higher
environmental burdens (noise and air pollution) and lower availability of neighbourhood
public green space ashealth resource. In the case study of Munich the focusmvather
variations of catchment areas defining green space availability influenced relationships
between neighbourhood SEP and public green space availability and the application of log
gamma regession. The case study of Dortmund considered air and noise pollution
additionally and put the focus more on the development of urban health indicators being
relevant for planningelated interventions and the identiticem of hot spot areas with
available data from the city council and easy replicable methods.

In the city of Munich a low neighbourhood SEP was significantly associated with lower
availability of green space. Associations were mostly consistent across models where
neighbourhood green space availability was assessed with various-badfiesng methods.

There was a trend that with an increasing size of the catchment area of green space
availability calculated from neighbourhood centroids the strength of the negssiveiadion
between neighbourhood SEP and green space decreased. Also in Dortmund neighbourhoods
with a lower SEP had less public green space available and were more exposed to areas
having higher N@and PM levels. Only for noise there was no significaotrelation.

Previous ecological studies suggest consistent negative associations between neighbourhood
income and air pollution (Crouse et al., 2009; Kingham et al., 2007; Pearce & Kingham,
2008). Moreover, Crouse et al. found a positive associationebatwercentage of residents

aged over 25 being unemployed and mean difdcentrations in Montreal, Canada, which is
comparable to the socioeconomic neighbourhood variable describing percentage of residents

receiving either unemployment benefits or socialfare aids used in the Dortmund study.
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However, there are also contradictive findings for single neighbourhood SEP indicators in
urban areas. In Montreal, percentage of neighbourhood residents with no high school
graduation was inversely associated witkam NQ (Crouse et al., 2009), and also in London

neighbourhoods having higher proportions of adults with a low education had on average

lower NQ, concentrations (Goodman et al., 2011).

The analysis in Dortmund revealed no significant correlation betwesghbourhood
deprivation and noise pollution. A study which took place in Berlin, Germany, could also find
no correlation between a neighbourhood SEP index and combined noise pollution from road,
trams, air traffic, and railway (Lakes et al., 2014), wheraastudy from the Ruhr region
found a significant negative correlation of neighbourhood income and a positive association
of unemployment with road traffic noise. However, the significant Pearson correlation
coefficients showed values <0.2 indicating oaliow correlation (Riedel et al., 2011). There

are also studies which found inverse and -ho@ar associations between indicators of
neighbourhood SEP and measures of noise pollution. An environmental inequality analysis in
Marseilles, France, found otltat areas which were relatively deprived on the midlevel were
most exposed to road traffic noise (Bocquier et al., 2013). A further study on road traffic noise
from Paris, France, found out that neighbourhood education was positively associated with
noise pollution whereas ncekrench citizenship was negatively associated both on the
individual and neighbourhood level (Havard et al., 2011).

Environmental inequality studies on air and noise pollution showed a very heterogeneous
picture on how measures of gkbourhood SEP are associated with such environmental
burdens. City specific urban development, its link to specific spatial distribution of
neighbourhood deprivation, and city specific housing markets could explain such mixed

findings.

The results of thease study in Munich are in line with previous results showing associations
between indicators of low neighbourhood SEP and decreasing neighbourhood green space
availability. Studies are from cities in Germany, Britain, USA, Canada, New Zealand, and
Austrdia which highlight the international importance of unequal distributions of
neighbourhood green space in urban areas (ABtetl et al., 2014; Lakes et al., 2014;
Mitchell et al., 2011; Mitchell & Popham, 2008; Pham et al., 2012; Richardson et al., 2010;
Shanahan et al., 2014; M. Wen et al., 2013). However, there is a great heterogeneity across

studies on how green space availability was defined and operationalised.
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Distribution of green space by socioeconomic neighbourhood characteristics was dependent
on the different definitions and types of public green which were used in previous studies.
There is a noticeable trend that relations between a lower neighbourhood SEP and decreasing
neighbourhood green space availability is most consistent for studiels agsessed general

green space, as in the Munich study, by summarizing various forms of urban green, such as
parks, trees, shrubs, lawn, forests, or vegetation indices derived from remote sensing data
(Astell-Burt et al., 2014; Lakes et al., 2014; Mitdhetl al., 2011; Mitchell & Popham, 2008;
Richardson et al., 2010; M. Wen et al., 2013). When specific types of public green were
analysed, such as public parks, significant associations between a lower neighbourhood SEP
and increasing green space were &sod (Jones et al., 2009; Richardson et al., 2010; M.
Wen et al., 2013). A study in urban New Zealand identified that disadvantaged
neighbourhoods have less general green space, however, have marginally more usable green
space available than more affliereighbourhoods. Usable green space included parkland,

beachesand norcommercial forestry (Richardson et al., 2010).

Some studies applied distance based methods to measure access to green space areas which
might also explain mixed findings (Jones et 2009; M. Wen et al., 2013). Wen et al. found

out that more deprived neighbourhoods across urban areas in the USA have less availability
of vegetated land, however, have shorter distances to public parks (M. Wen et al., 2013).
Results from a study in thaty of Bristol showed that more deprived neighbourhoods have

lower mean distances to public green spaces, except ofna@itained formal green spaces

with structured paths and an organised outline, and sport green spaces for which distances

were highein deprived areas (Jones et al., 2009).

Such results indicate that the distribution of different types of green space and their quality
play a considerable role. In the context of health, public parks and other recreational facilities
could be more relevaror physical activity (Bancroft et al., 2015; Kaczynski & Henderson,
2007) whereas overall green space or urban forests could be more important in relation to the
reduction of air pollution and temperature regulation which support healthy living
environnents in general (Bowler et al., 2010; Nowak et al., 2006) or the positive impact on

mental health outcomes (Coh€&fine et al., 2015).

There is evidence that different geographic scales in environmental justice related studies can
influence results on assiations between socioeconomic indicators and environmental
burdens or resources (Baden et al., 2007). For that reason, GIS based methods were applied in

the Munich case study to define different catchment areas based on administrative boundaries
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and centoids. Most previous studies used also administrative boundaries, predominantly
census tracts, as the catchment area for the measurement of green space availability because
for such areas socioeconomic factors were available (Lakes et al., 2014; MitethelR@11;

Mitchell & Popham, 2008; Richardson et al., 2010; M. Wen et al., 2013). Some studies,
mainly from urban planning research, applied also spatial interpolation and weighting
techniques to disaggregate socioeconomic data on the area level &r smidl in order to

combine them with green space measures on a smaller scale (Pham et al., 2012; Shanahan et
al., 2014). Many spatial methods on the disaggregation of small area data exist (J. A. Maantay
et al., 2007), and there is still need for furthesearch to what extent spatial disaggregation
methods for socioeconomic data obtain different results in environmental inequality analyses

in comparison to studies relying on the original census data.

The study showed that both radimsffering methodsdr defining the catchment area of
neighbourhood green space, one based on administrative boundaries and one based on
centroids, revealed significant negative associations between a low neighbourhood SEP and
green space availability. If no individual datancerning home addresses or individual SEP

are available, small administrative units provittereforea good starting point to analyse
environmental inequalities. There were differences in the strengths of the associations,
especially for catchment arebased on neighbourhood centroids. With increasing radii the
strength of the associations decreased. For catchment areas based on administrative
neighbourhood boundaries and relating buffers, parameter estimates were more homogeneous
across models. In gerady results from this study suggest that both GIS methods are adequate
to measure green space availability on the neighbourhood level and should be considered in
future studies. This analysis showed in particular that catchment areas based on
neighbourhoodoundaries including a small buffesuch as oR00m, and catchment areas

based on centroids with a 1000 radius may serve as a good proxy for analysing
socioeconomic related green space inequalities on the neighbourhood level. For these
measures signdant and strongest associations were found, and they are comparable with
otherstudies which used a radius of 8dCaround individual home addresses considered as a
common maximum walking distance for reaching neighbourhood resources or other facilities
(Coombes et al., 2010; Gik&orti et al., 2013; Gose et al., 2013; Van Dyck et al., 2009).

From a methodological point of view this study showed that GLMs offer a suitable parametric
modelling strategy for positively distributed environmental variableseréfbre, it is
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recommended to use this approachuture studies tanvestigate environmental inequalities

dealing with skewed distributions of the response variable.
Limitations and strength

One of the main strengths of the case study in Munich is #r&aus catchment areas for

green space availability were considered in order to check whether these different area
definitions influence the hypotheses that more deprived neighbourhoods have less green space
available. Moreover, logamma regression fronheé group of generalized linear models as a
powerful parametric approach was applied which adequately addressed the distribution of our
response variable. The case study in Dortmund examined both environmental burdens and
resources and developed indicatbesed on data which were routinely collected by the city

administration which could make replications and compagsacross cities much easier.

Both studies focused on overall public green space availability and did not consider private
green spaces. Thewere no detailed data on quality characteristics of single green space
types available which can also vary by socioeconomic neighbourhood characteristics and
influence usage of green space areas (Jones et al., 2009; L. V. Moore et al., 2008; Weiss et al.
2011). Moreover, it was not possible to calculate individual disthased distances to green
spaces or individual exposures to air and noise pollution because no home addresses were

available.

A further limitation is that both studies assume spatdependency of neighbourhood
observations. The presence of spatial autocorrelation violates the assumption of independent
observations for regression analysis and therefore may cause biased effect estimates if not
controlled for it (Goodman et al., 2013hanahan et al., 2014). A further uncertainty is based

on the aggregated unit of analysis called the modifiable area unit problem (MAUP). Different
geographic aggregations of the same data, which vary in size and shape, may cause different
effect measure@). Maantay, 2002).
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7 Overall conclusions

The consideration of more than one environmental neighbourhood dimension is important for
increasing knowledge on how socioeconomic, built, and social neighbourhood characteristics
are associated with individuddealth. It offers the possibility to analyse mediating and
interacting pathways. A simultaneous consideration of contextual and individual factors in
multilevel modelling offers quantitative conclusions on how neighbourhood heterogeneities
contribute to halth inequalities and which effects of public health programmes targeting
healthy living environments may be expected in relation to individual orientated

interventions.

Results from multilevel analyses sustain recommendations that policies and intes/entio
targeting overweight prevention in early childhood should address parental behaviours and the
immediate home environment of the family and their children. Considering neighbourhood
built environments in intervention planning additionally could resultmare dfective

prevention strategies.

Against the background of potential health effects of public green space and air pollution, a
socioeconomic unequal distribution of environmental burdens and resources may amplify
health inequalities within cities. @wining socioeconomic and environmental data on the
neighbourhood level, which are mostly easy accessible, allow the identification of vulnerable
areas facing multiple environmental burdens which further identifies options for urban
planning interventionsFrom a methodological point of view the combination of GIS, for
defining various catchment areas of green space availability, with parametric modelling
approaches for positively distributed environmental variables contributes to the evidence of

unequal ditributions of environmental neighbourhood resources in urban contexts.

Increasing knowledge about the health impact of the built environment and the socioeconomic
distribution of environmental burdens and resources will contribute to the reconnection of
urban planning and public health. A sustainable healthy city development needs
transdisciplinary cooperation between urban planning and public health (Corburn, 2004;
Northridge et al., 2003). Ecosocial approaches from epidemiology, concepts from
environmeral justice addressing socioeconomically driven environmental inequalities, and
the increasing combination of epidemiological and urban planning methods, such as through

GIS, contribute to this reconnection.
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Annex A.1 Interactive and independent associations between the
socioeconomic and objective built environment on the
neighbourhood level and individual health: a systema tic review of

multilevel studies

Reference:

Schule, S. A, & Bolte, G. (2015).Interactive and independent associations between the
socioeconomic and objective built environment on the neighbourhood level and individual
health: a systematic review of multilevel studie€®loS One, 1(1), e0123456. doi:
10.1371/journal.pone.0123456

Link to full article

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0123456

Due to a production fault concerning the illustration ofl@akby the Journal Plos One, a
submittedmanuscript is attachembntaining all correctionsA corrigendum of the article is in

progress and will be published under the same reference mentioned above.
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Abstract

Background: The research question how contextual factors of neighbourhood environments
influence individual health has gained increasing attention in public health research. Both
socioeconomic neighbourhood characteristics and factors of the built environment play an
important role for health and healtblated behaviours. However, their reciprocal
relationships have not been systematically reviewed so far. This systematic review aims to
identify studies applying a multilevel modelling approach which consider baghlvairhood
socioeconomic position (SEP) and factors of the objective built environment simultaneously

in order to disentangle their independent and interactive effects on individual health.

Methods: The three databases PubMed, PsycINFO, and Web of Sesiameesystematically
searched with terms for title and abstract screening. Grey literature was not included.
Observational studies frordSA, Canada, Australia, New Zealand, and Western European
countries were considered which analysed simultaneously faiftoeighbourhood SEP and

the objective built environment with a multilevel modelling approach. Adjustment for

individual SEP was a further inclusion criterion.

Results: Thirty-three studies were included in qualitative synthesis. Twgwdystudies
showedan independent association between characteristics of neighbourhood SEP or the built
environment and individual health outcomes or headtated behaviourd wenty-one studies

found crosdevel or withinlevel interactions either between neighbourhoo® &&d the built
environment, or between neighbourhood SEP or the built environment and individual
characteristics, such as sex, individual SEP or ethnicity. Due to the large variation of study
design and heterogeneous reporting of results the identificaficonsistent findings was

problematic and made quantitative analysis not possible.

Conclusions:There is a need for studies considering multiple neighbourhood dimensions and
applying multilevel modelling in order to clarify their causal relationshipatols individual

health. Especially, more studies using comparable characteristics of neighbourhood SEP and
the objective built environment and analysing interactive effects are necessary to disentangle

health impacts and identify vulnerable neighbourhadspopulation groups.
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Background

Since the late 1990s an increasing number of epidemiological studies have analysed whether
the socioeconomic, built, social or ethnic neighbourhood environment have epemalgnt

effect on individual health outcomes or healttated behaviours [1,2]. There is an overall
conclusion that underlying mechanisms of the association between neighbourhood
environments and health are quite complex and both mediating and intpraetomanisms

should be considered. Therefore, various conceptual models were developed describing

pathways explaining associations between neighbourhood context and individual R8alth [2

For a better systematization of possible connections between neighbourhood characteristics
and individual health a distinction between compositional and contextual effects is widely
established in the literature. A compositional effect is present if hddfdrences between
neighbourhoods are attributed to individual characteristics, thealksl composition of
neighbourhood residents, such as individual health behaviours, health status or individual
socioeconomic position (SEP). The term contextualcefis used if variables at the
neighbourhood level, such as features of the built or social environment, have an effect on
individual health outcomes while adjusting for possible confounders at the individual level to
avoid an ecological fallacy [202]. This more abstract distinction has also been discussed
critically in the literature [13]. However, it provides a good basis for suggesting conceptual

pathways in which ways neighbourhood context can affect individual health.

To separate out potential coxtieal neighbourhood effects from individual effects a
multilevel modelling approach is an appropriate analytic strategy addressing such issues.
Multilevel modelling offers the possibility to sort out how much variance of health outcomes
between neighbourloals is related to individual factors and how much is explained by
contextual factors on the neighbourhood level. A multilevel model combines data on at least
two hierarchical levels: aggregated variables on the neighbourhood level (2nd level) and
variableson the individual level from residents within the neighbourhood (1st level). Thus,
simultaneous examinations of independent effects of each level and interactions within and
across levels on individual health outcomes are possible while accounting footémsial
dependency of individual observations sharing the same characteristics of higher level
variables [11,14].

Systematic reviews showed that most neighbourhood studies focused on factors of

neighbourhood SEP from aggregated census data. They ahalysther neighbourhood SEP
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has a contextual effect on individual health while simultaneously adjusting for individual
socicdemographic characteristics. Many of these studies found out that a low neighbourhood
SEP was independently associated with po@ithesuch as increased mortality risk, poor
selfrated health, depressive symptoms, low birth weight or cardiovascular risk factors [15
22]. Evidence from these studies raised the question which underlying factors explain
independent associations betweerighbourhood SEP and individual health. Many studies
hypothesized that poor neighbourhoods are exposed to a poor built environment, such as air
pollution, lack of green space or an unhealthy food environment. Thus, an integrated
consideration of neighboood SEP, built environmental factors and socioeconomic factors
on the individual level is needed to explore underlying mechanisms how neighbourhood SEP
and the built environment are connected and associated with health.

The term O&ébuilt seynsvtiernbantmecnatldl ycadni fherenti at e
environment 0. Both terms belong to the physi
the built environment as that part of the physical environment whiehn c o mpass al |
buildings, spaces, ah products that are created or sig
(Page 456) [23]. In urban environments none of the environment is natural because even parks
including natural components, such as green space or water, are to some extent created or
modified by people, and can be assigned to the built environment, too. Thus, the built
environment covers many dimensions in an urban context, such as land use, transportation
systems, services, public resources, zoning regulations or building charactfg2#ticehe

built environment can be measured subjectively or objectively. Subjective measures are
mostly selfreported perceptions conducted in survey questionnaires. Objective measures can

be either collected in the field or obtained from existing land det&a in Geographic
Information Systems (GIS). Systematic reviews focusing on the evidence how factors of the

built environment influence health indicated the increasing importance of this neighbourhood
dimension [2529]. These reviews considered primardgrdiovascular risk factors, such as
overweight or low physical activity. Though studies of the built environment gave partly
inconsistent results, all reviews concluded that the built environment can significantly impact

individual health.

The linksbetween neighbourhood SEP and exposures from the built environment and health

are captured by the environmental justice framework. A conceptual model derived from this

framework contains two main hypothetical pathways how socioeconomsitiopg

environmetal exposuresand health are connected: The first hypothesis states that
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environmental exposures are social unequally distributed (exposure variation by SEP), the
second hypothesis states that neighbourhoods or individuals with a low SEP are more

vulnerabé to environmental exposurg39].

Both neighbourhood SEP and built environmental factors play a significant role for
explaining health inequalities between neighbourhoods. However, to the best of our
knowledge a systematic review focusing on to what éxteoth characteristics of

neighbourhood SEP and the built environment are simultaneously considered in
epidemiological neighbourhood studies, and how they interact with each other or with

individual characteristics has not been carried out so far.

The oveall goal of this systematic review is to identify epidemiological studies with a
multilevel modelling approach considering characteristics of neighbourhood SEP and the
objective built environment simultaneously in order to disentangle their independent or

interactive effects on individual health outcomes.

The primary research questions is, how characteristics of neighbourhood SEP and the
objective built environment are associated with individual health outcomes or-tedatéd
behaviours if both dimensisnare considered simultaneously in multilevel modelling.
Secondary, the review summarizes knowledge on interactions between neighbourhood SEP,

the built environment and individual SEP.

Methods

The three databases PubMed, PsycINFO, and Web of Science eaechesi on the'Sof

November 2013. The research question, search strategy and inclusion criteria were developed
before the review process. There is no registered protocol reference number, however. Search
terms were generated for title and abstract singein order to identify neighbourhood

studies with a multilevel modelling approach considering both socioeconomic and built
environment al factor s. I n order to identify
environment 0, 0 s octidoo eacnodn oamuw! teinlveivreoln mmead e | | i
already existing reviews and their cited studies dealing with these topics were additionally
considered. In PubMed terms of Medical Subject Headings were taken into account (Table 1).
Title and abstracts we screened by two reviewers independently with predefined inclusion
criteria. A third reviewer was consulted if there was disagreement. If one of the inclusion
criteria could not be clearly identified in the abstract, the full text of the record waseshaly

for eligibility by one reviewer. An explicit search on grey literature was not performed
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because the review focused on observational epidemiological studies applying advanced

statistical modelling which are most likely to be found in scientific jostridbwever, to take

into account potential publication bias, we did not limit our analysis on papers published in
peerreviewed journals. References of finally included records were additionally checked.

Neighbourhood studies applying a multilevel modellapproach are a relatively recent study

type. Therefore, we did not restrict our search to a specific time period.

As suggested by Krieger et al . the term

6so

OSEPG6 combines actual e with prestigebasedachalactesistias i a | r

which relatively position individuals, households and neighbourhoods in society [31,32].

The following inclusion criteria were applied:

1. Observational studies applying multilevel modelling and considering factors of the
neighbourhood environment as higher level variables. Studies focusing exclusively on
other environments were excluded, such as the school or work environment.
Moreover, studies taking into account subjects from clinical settings or focusing on
study populéons with health problems were also excluded. Clinical trials and

intervention studies were excluded, too.

2. Studies fromJSA, Canada, Australia, New Zealand and Western European Countries

3. Physical or mental health outcomes, or hesdthted behaviours meared at the

individual level.

4. Simultaneous consideration of at least one characteristic of neighbourhood SEP from

the whole neighbourhood population and at least one objective measure of the built

environment in one multilevel model. Studies were exclufleegighbourhood SEP
was only considered as an adjustment variable.

5. Measures of the objective built environment. Papers were excluded which considered

only measures of the perceived built environment. Studies showed that there is low to

moderate agreemenbetween objective and perceived measures of the built
environment [33,34]. Moreover, studies which assessed the neighbourhood built

environment via observational methods with trained staff were also excluded due to

limitations in validity [35].

6. Adjustmentfor at least one individual socioeconomic factor. Ethnicity alone was not

considered as a sufficient indicator for socioeconomic position [36]. Therefore, studies

considering only specific ethnic population samples were also excluded.
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Each included studyvas described in a summary table and coded related to: outcome,
population sample, country, considered factors of neighbourhood SEP and the objective built
environment, and individual and further contextual factors. Because the review focused on
neighbourleod SEP and the objective built environment, other considered neighbourhood
characteristics in the study, such as measures of crime, social capital, residential stability,

perceived built environment or segregation were indicated also in the last colabia ZJ.

In a qualitative analysis independent and interactive effects of the built environment and
neighbourhood SEP towards individual health outcomes were visualized in four tables
grouped by similar health outcomes or headtlated behaviours. All vaables with a pvalue

<0.05 in the final multilevel model were reported as statistically significant. No quantitative
assessment for risk of bias in individual studies was performed. However, in each study
sample size, number of observations per neighlomarhand total number of considered
neighbourhood clusters were checked, because simulation studies showed that small sample
sizes in multilevel studies result in biased effect estimated(R7The review was conducted

in accordance to the PRISMA staternptl]. A checklist is provided in the supplements.

Results

After removing of duplicates 858 records were taken into account for abstract screening. 686
records were excluded based on abstracts and titles. There was a disagreement on 14 abstracts
resultingin an agreement of 91.4% between the two independent reviewers. 172 records were
included into full text analysis, and 24 of them met all inclusion criteria. Nine studies were
additionally identified through the analysis of references from the 24 paglecdesl by full

text analysis. These nine studies also underwent abstract screening and full text analysis.

Finally, 33 studies were considered for qualitative analysis (Figure 1).
Description of studies and sample size assessment

Except of one study, allad a crossectional study design and most of them were conducted

in the United States (Table 2). Seven studies investigated exclusively outcomes measuring
various forms of physical activity [428]. One of these seven studies analysed people 45
years orolder [44] and one used data from adolescents agdd J@ars [46]. The other five

analysed an adult population sample.
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Six studies examined exclusively measures indicating overweight or obesity either directly
with the Body Mass Index (BMI) as a contiruso variable or with BMI thresholds for
overweight or obesity [494]. Two of them used data from older adults [49,50].

Five studies analysed both measures of physical activity and overweigh®][35cluding
one study which considered additionally meratat physical quality of life, and depressive

symptoms [59]. One of these studies used data from students at6d/&8rs [58].

Four studies investigated how neighbourhood context was associated with perinatal health
outcomes [6663] and one longitudinaltedy focused on child accidents and injuries in
children aged & years [64]. Five studies analysed salied health or selfeported health
problems [6%69], and two of them considered a population sample 55 years or older [67,68].
One study focused exdively on stress [70], one on smoking [71], one on heavy alcohol
consumption [72] and two on objectively measured coronary artery calcification in adults
aged 4575 years [73,74].

Regarding characteristics of neighbourhood SEP 16 studies calculatedeancayuturing
various socioeconomic characteristics of the neighbourhood population-BZ,24867,65
72]. The others used single indicators of neighbourhood SEP, such as measures of income,

education, poverty or unemployment.

The objective builtenvironment was described with a variety of measures. Indices for
walkability, land use mix and urbanity were calculated. Single land use types were also
considered, such as retail, recreational areas, restaurants, fast food outlets, cultural and
educationinstitutions, or health and human services. Environmental pollution, such as from
traffic or waste sites, was mainly investigated in studies focusing on perinatal health, mental
health or selrated health. Eleven studies calculated built environmentalsunes on the
individual level [49,51,57,683,7274], such as individual distances from residential

addresses to shops or main roads.

There was a great heterogeneity concerning sample size both of individual observations and
neighbourhood clusters. Sampgiee ranged from 637 to 425,752 individual observations and
the number of considered neighbourhood clusters ranged from 24 up to 4,604
neighbourhoods. Unfortunately, only a minority of included studies gave detailed descriptive
information about the numbef observations per neighbourhood. Referring to simulation
studies performed on sample sizes for multilevel models, most of the reviewed studies

showed a sufficient size of neighbourhoods and individual observatiord0[3However,
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due to missing infanation in many studies about the range of individual observations within

neighbourhood clusters we could not assess whether these effect estimates could be biased.
Associations between socioeconomic and built environments and physical activity

Two studies detected associations between neighbourhood SEP and physical activity
independent from the built environment and individual factors (Table 3). In the first study a
high neighbourhood income was negatively associated with walking for transport and
positively with motorized transport [43], and in the second a high neighbourhood education
was positively associated with various measures of walking [44]. One study found an
interaction between neighbourhood SEP and sex [47]: The positive association between a

high neighbourhood SEP and physical activity was mitigated for men.

Seven studies detected associations between the built environment and physical activity
measures independent from neighbourhood SEP and individual factors. Three found a
positive associatiobetween a walkability index and walking behaviours and physical activity
[43,45,59]. Moreover, a walkability index was inversely associated with motorized transport
[43]. One study detected an unexpected positive association between a walkability index and
selfreported sitting behaviour and objectively measured sedentary time [42]. Urbanity was
positively associated with utilitarian walking and negatively with recreational walking [44].
One study detected an independent positive association between rafméstaurants and

bars and regular exercise [47]. A further study analysing physical activity in students found a
negative association between a calculated compactness index and sport participation and a

positive association between number of sport tasdliand sport participation [58].

Most studies considering single land use types, such as retail or recreational areas, found no
associations. In five studies interactions were detected. Studies showed that associations
between recreational land use, fletat availability of restaurants varied by sex or ethnicity
[55-57]. One study showed a positive association between park areas and leisure time
physical activity only for women [55]. An inverse association between green space and
overall physical activit was observed only for men [56]. The same study showed a positive
association between number of restaurants and overall physical activity only for women and a
positive association between number of convenience stores and overall physical activity only
for men. A third study demonstrated a positive association between number of markets and
utilitarian walking only for norHispanic whites, a negative association between street

connectivity and recreational walking only for African Americans, and a negabeeiation
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between block length and recreational walking was slightly stronger feHispanic whites
[57].

One study detected two interactions: One between a walkability index and individual reported
reasons why people choose their neighbourhood andieanbétween the walkability index

and education. There was a positive association between a walkability index and walking for
transport only for people who choose their neighbourhood because of a good perceived
neighbourhood environment (closeness to jethool, shops, services or good perceived
walkability) and only for people with 12 or more years of education [48]. In a second study
neighbourhood income moderated the association between walkability and physical activity.
A positive association betweenaikability and two outcomes of average activity level and
moderateto-vigorous physical activity was only significant in low income neighbourhoods
[46].

Associations between socioeconomic and built environments and overweight

Eight of eleven studies showsgynificant associations between indicators of neighbourhood
SEP and BMI, overweight or obesity independent from individual and built environmental
factors (Table 4). Three studies found a negative association between a high neighbourhood
SEP and BMI, oveveight or obesity [49,50,52]. Two found a positive association between a
low neighbourhood SEP and BMI [51,54]. A high neighbourhood income was negatively
associated with BMI and obesity [58], a low neighbourhood income was positively associated
with BMI and obesity [59], and a low neighbourhood education was positively associated
with BMI [53].

Two studies on overweight showed interactions between neighbourhood SEP and individual
characteristics. One study found out that an unexpected inverse assdogdiveen a low
neighbourhood SEP and overweight or obesity was only significant for men [56]. A further
study detected a negative association between a high neighbourhood SEP and BMI only for

non-Hispanic whites [57].

Seven studies detected significant assions between built environmental factors and
measures of overweight independent from neighbourhood SEP and individual characteristics.
Two studies detected an independent inverse association between measures of street
connectivity and BMI or obesity §58] and one of them showed a positive association
between distances to parks and obesity [52]. Low walkability was positively associated with
overweight or obesity in one study [59]. There was a negative association between density of
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sport facilities ina one mile radius around home address and BMI [49]. A further study found
an unexpected negative association between number of restaurants and overweight or obesity
[56]. A further study showed a positive association between number of restaurants and BMI,

however, the total number of restaurants included also fast food outlets [54].

In six studies interactions were shown. A negative association between street connectivity,
number of parks in a one mile radius around the home address and BMI was onigasignif

for non-Hispanic whites [57] and an inverse association between air pollution and obesity was
only significant for women [50]. One study showed a significant positive association between
number of convenience stores, fast food restaurants, park ardagverweight or obesity

only for women [55]. A further study detected that a positive association between fast food
outlets and BMI was mitigated for car owners [54].

There was a negative association between proximity to ethnic markets and superinarkets
home address and BMI only for women and, on the other hand, a positive association between
neighbourhood density of grocery stores and BMI also only for women [51]. A further study
detected a significant positive association between number of spetaakts and overweight

or obesity only for women, too. The same study found an inverse association between green
space and overweight or obesity for women and a positive association for men, however.
Moreover, a significant positive association betweemmar outdoor facilities and the two
outcomes of overweight and obesity was also only detected for women [56].

Associations between socioeconomic and built environments and health outcomes and

health-related behaviours

Most studies detected significant asstions between neighbourhood SEP and health
outcomes or healtrelated behaviours (Table 5). Six studies found significant associations
between neighbourhood SEP and individual health outcomes or -helatibd behaviours
independent from the built eneinment and individual characteristics. A high neighbourhood
income was positively associated with physical quality of life [59]. One study found a positive
association between a high neighbourhood SEP and heavy alcohol consumption [72]. A
further study dedcted a positive association between neighbourhood unemployment and
artery calcification [74]. There was an inverse association between a low neighbourhood SEP
and a health score derived from s@lported health problems. Higher values of the score
indicated better health [66]. Neighbourhood unemployment was positively associated with
bad seHrated health [65]. One study which analysed disability in people aged 55 or older
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detected a negative association between a high neighbourhood SEP and minor bepgrted

limitations [68].

Three studies detected associations between built environmental factors and health outcomes
independent from neighbourhood SEP and individual factors. A walkability index was
inversely associated with mental quality of life and pesly with more depressive symptoms

[59]. One study found a negative association between traffic and a health score calculated
from selfreported health problems. Higher values of the score indicated better health [66]. In
another study waste sites anafffic were positively associated with reported -diexglay stress

[70].

In eight studies factors of neighbourhood SEP or the built environment interacted with
individual characteristics. There was a positive association between a low neighbourhood SEP
and eported heart problems only for women aged 55 years or older [67]. One study detected
that an inverse association between a high neighbourhood SEP and number of smoked
cigarettes per day was stronger for residents with a higher individual SEP [71].
Neighbairhood unemployment interacted both with sex and traffic in a further study. For men
there was a positive association between neighbourhood unemployment and artery
calcification with an individual distance to the next major rea@0 meter from their home
address.Unexpectedly, a positive association between neighbourhood unemployment and
artery calcification was significant for women with a distance to the next major road >100
meter [73]. Another study found a positive association between neighbourhood
unemployment and bad setated health only for women [69]. One study considered
neighbourhood SEP as a moderator on the association between individual reported stress and
a calculated health score from sedported health problems. Higher values of the escor
indicated better health. The negative association between higher reported stress and a higher
health score was mitigated in areas with a high neighbourhood SEP and stronger in areas with
present residual waste operations [66]. In a further study, avyecs#isociation between a low
neighbourhood SEP and se#fported limitations in daily activities from people aged 55 or

older was only significant for men [68].

In the only identified study on smoking, the positive association between convenience store
density per square mile and number of smoked cigarettes per day was mitigated for
individuals with a higher SEP and, in contrast, was stronger in neighbourhoods with a high
SEP. A positive association between number of convenience stores in a one mile radius

around home address and number of smoked cigarettes was also stronger in neighbourhoods
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with a high SEP. Furthermore, a negative association between distance to convenience stores
from home address and number of smoked cigarettes per day was stroregghliourhoods
with a high SEP [71].

One study found a positive association bet wi
address and artery calcification only for men [74]. One study orrateldl health showed a

positive significant association betweahower food score and bad sedted health only for

men. Lower values of three other scores (bank/building society score, physical environment
score, health service score) were significantly positively associated with baidtedlhealth

only for women [69]. A further study exploring the same built environmental variables found

out that a low physical environment score was positively associated with baatsdlhealth

and was stronger for nemorking study participants [65].

Associations between sé@economic and built environments and perinatal outcomes and
child health

Most studies on perinatal health found interactive associations (Table 6). Only one study
showed that a high neighbourhood income was independently positively associated with birth
weight and negatively with small for gestational age [61]. A further study on child accidents

and injuries did not find an association either of neighbourhood unemployment nor the built

environment [64].

One study gave an interaction between neighbourhdf &d maternal risk factors. The
overall inverse association between neighbourhood poverty and lower birth weight was

stronger for individuals with rare maternal risk factors [60].

Regarding the built environment mostly traffelated measures were arsdg. Only one

study found an independent negative association between air pollutants and birth weight [60].
All other built environmental factors interacted with neighbourhood SEP or individual factors
or were not significant. One study detected a positigeociation between distance to
highways from home address, percentage of open space and birth weight only for mothers
with a high education [61]. In one study a positive association between proximity to highways
and three outcomes of preterm birth, lomtlbweight, and small for gestational age was only
significant in neighbourhoods with a high neighbourhood income. Moreover, the positive
association between proximity to highways from home address and the two outcomes of
preterm birth and low birth weighwere only significant for mothers with a university
education [62]. However, in a further study a positive association between distance weighted
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traffic density and preterm birth was only significant in neighbourhoods with a low SEP index

in winter time[63].
Discussion

This systematic review identified and qualitatively analysed studies applying multilevel
modelling which simultaneously considered characteristics of neighbourhood SEP and the
objective built environment and analysed their effects on iddal health outcomes or

healthrelated behaviours.

Sixteen studies found associations between neighbourhood SEP and individual health
independent from built environmental and individual characteristics. Fourteen studies showed
associations between bu#nvironmental characteristics and individual health independent
from neighbourhood SEP and individual characteristics. In seven studies simultaneous
independent associations of neighbourhood SEP and the objective built environment were
identified. Twentyone studies showed creksvel or withirtlevel interactions either between
neighbourhood SEP and the built environment, or between neighbourhood SEP and individual

characteristics, or between the built environment and individual characteristics.

Although wegrouped our studies by similar health outcomes, a systematic assessment to what
extend neighbourhood SEP and the built environment influenced individual health anel health
related behaviour independently and dependently from each other or were modified by
individual characteristics was difficult. The most frequently analysed outcomes were
measures of physical activity and overweight. A lower neighbourhood SEP was mostly
associated with higher BMI, overweight, obesity, bad-sHd health or artery calaftion
independent from built environmental and individual factors [51,53,54,59,65,66,74].
However, most studies analysing measures of physical activity did not find associations
between neighbourhood SEP and measures of physical activity. Objectivenbuittnmental
metrics indicating higher walkability were often associated with measures of higher individual
physical activity independent from neighbourhood SEP and individual factors [43,45,59].

This review showed that interactions play an important doléividual characteristics, such

as sex, ethnicity or individual SEP, often modified associations between neighbourhood SEP
or the objective built environment and individual health. However, it became not clear how
neighbourhood SEP and built environmantharacteristics interacted with sex. There were
characteristics of the built environment and neighbourhood SEP from which only women’s or

men’s health benefited or suffered [50,51,55,568,73,74]. No systematic findings which
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specific factors of nefgpourhood SEP or the built environment are more harmful to men’s or

women’s health could be detected.

Various moderating associations of neighbourhood SEP on associations between the built
environment and health were identified. Some studies observed actimof a health
promoting built environment only in neighbourhoods with a low SEP [46]. On the other hand
there were studies demonstrating that associations between factors of a higher built
environmental burden and poor health or negative health behawviese only significant or
stronger in neighbourhoods with a high SEP [62,71]. In contrast, one study found out that
only individuals living in a low SEP neighbourhoods were affected by higher built

environmental burdens [63].

A variety of measures bottf socioeconomic and built environments were studied which may
partly explain mixed results. Especially concerning metrics and definitions of built
environmental variables, there was a great heterogeneity. The majority of all studies
calculated weighted mobers of various facilities, such as stores, sport and recreational
facilities, parks, or restaurants. There was a great variety concerning the weights that were
used. The most used weights were: fixed number of residents, number of neighbourhood
residents neighbourhood size or square kilometre, distance based buffer around each
individual’s home address, or the centroid of the neighbourhood. Moreover, many studies
calculated indices, mostly derived from factor analysis. The number and kind of built
environmental variables contained in these scores was too heterogeneous for drawing
comparisons. The only comparable index across studies was the walkability index. A minority
of studies calculated distance based measures, such as to main roads, stores or parks.
Distances were calculated either from individual home addresses or from neighbourhood
centroids. The limited comparability across studies is consistent with previous systematic
reviews, which focused either on a specific health outcome or exclusivelynen o

neighbourhood environmental dimension [18,21,26,28].

A further explanation for inconsistent results could be that built environments and
socioeconomic neighbourhood structures vary across countries and continents. Besides that,
these variations can béaped by country specific social and housing policies on the

neighbourhood level.

Studies were included which considered at least one individual socioeconomic factor, one

factor of neighbourhood SEP and one of the objective built environment. Howeverfr@par
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sex and age, studies varied by the number of included individual and contextual variables that
might explain mixed results, too. Individual data on health behaviours, such as smoking or
nutrition, and family status (e.g. marital status) were in sstugies additionally considered.
Many studies included also factors of the social environment, such as crime or characteristics
of social capital in the neighbourhood. Individual and contextual characteristics may mediate
associations on the pathway betmeneighbourhood SEP and individual health or between
built environmental factors and individual health. The study by Reading et al. is an example
where individual factors completely mediated the association between neighbourhood context
and child accidest[64].

Limitations

A first limitation is that our qualitative analysis only visualized significance or- non
significance and direction of associations or interactions and did not make any comparisons
on strength of the associations. The operationalizaifovariables was too heterogeneous
across studies to perform meaningful quantitative comparisons. A second limitation is that our
search code was mainly based on title and abstract screening. Besides that the Medical
Subject Headings used in the PubMedatdase may not correspond to selected keywords by
authors. Therefore, our search strategy was maybe not sensitive enough and could not identify
all relevant studies. To reduce this limitation, we checked all references of included studies.
We assumed thahére were no relevant studies in grey literature. Therefore, we did not
perform a separate search in sources of grey literature. Our assumption was sustained by the

fact that we could not identify relevant grey literature which was cited in includedsstudie
Strengths

The main strength of this review is that we exclusively focused on studies which considered
both characteristics of neighbourhood SEP and the objective built environment
simultaneously in multilevel models with the additional consideratiomdifidual factors.

We were able to analyse how these two neighbourhood dimensions were interrelated and
interacted with individual variables. This systematic interaction analysis on both the
neighbourhood and the individual level revealed new insight twhate these dimensions

play in epidemiological neighbourhood research and identified where further research is
needed. A further strength is that the systematic search was not restricted to specific health

outcomes or age and population groups. As a tresd could identify for which health
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outcomes, healthelated behaviours or population groups evidence is lacking or results are

most inconsistent.
Recommendations for future research

Based on our results we suggest the following recommendations fog fekearch: Firstly,

the consideration of more than one environmental neighbourhood dimension is important for
generating more evidence on how socioeconomic, built and social neighbourhood
characteristics are associated with individual health. It offees pbssibility to analyse
mediating and interacting pathways. There is still a lack of knowledge to what extent the built
environment mediates effects of neighbourhood SEP on individual health. Being aware of
potential reciprocal relationships between nbmirhood SEP and the built environment
provides a better basis analysing interactions with individual characteristics, such as sex,
individual SEP or health behaviours. Increasing knowledge about the health impact of the
built environment will contributeat the reconnection of urban planning and public health.
There is an upcoming call in public health sciences that for a sustainable healthy city
development there is a need for updating and refreshing the connection between urban
planning and public healtf24,75]. Moreover, conceptual models from the scientific field of
risk assessment with a specific focus on different forms of vulnerability and cumulative
environmental exposures on the individual and neighbourhood level may provide a good basis
for identifying synergies between vulnerability analysis in epidemiology and cumulative risk

assessment [76,77].

Secondly, there is a need to adhere to guidelines on how results from multilevel modelling
should be reported. One key feature of multilevel modelsas ttiey are able to sort out
variance components both on the neighbourhood and individual level which provide
important information how individual health varies between and within neighbourhoods and
how much of these variance can be explained by contefdatdrs. However, to give a
systematic overview about variance components and to draw conclusions on how much of the
built and socioeconomic environment contributes to health disparities was impossible in this
review, because some studies reported megssomevariance components and some not.
Already existing glossaries and tutorials about multilevel modelling, which support a better

reporting of multilevel results should receive more attention [12,78,79].

Thirdly, in some studies it was not clear whatdkof crosslevel or withintlevel interactions

was analysedTherefore, we encourage researchers to systematically répontd which
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crosslevel and withinlevel interactions were analysed regardless of their statistical
significance. Moreover, most stedi did not provide descriptive statistics about sample sizes
of individual observations per neighbourhood cluster which is important for assessing
potential bias of effect or variance estimates. Publishing such statistical information would

make quantitatie comparisons of multilevel models across studies easier.

Fourthly, our review revealed a great heterogeneity of metrics and definitions of variables
describing the built environment. The only and most consistent index across studies was the
walkability index. More of such standardized indices measuring the built environment would
increase comparability across studies. The application of GIS which are increasingly used in
public health research can facilitate this development especially when distance based

measures are developed.

Fifthly, all of our identified studies, except of one, were cisEsional and therefore results
should be interpreted with caution. There is a need of conducting studies with a longitudinal

design to prevent the problem of rexecausation.

Finally, more studies considering both environmental dimensions are needed which focus on
children, because they are more vulnerable to environmental burdens than other population
groups [80]. Moreover, there is a lack of studies analysingrieghbourhood SEP and built
environmental factors influence mental health outcomes, such as depression, enetetatih

risk behaviours, such as smoking or alcohol consumption.
Conclusions

This systematic review showed that a simultaneous considemitioeighbourhood SEP,

built environmental characteristics and individual factors is important for analysing pathways
how neighbourhood context influence individual health outcomes and -mekitbed
behaviours. There is a need for comparable studies esmgjdmultiple neighbourhood
dimensions and analysing interactive and mediating processes both between contextual
factors and individual characteristic and between contextual factors itself because our review
identified mixed results. For an integrated lgsiz of both aggregated neighbourhood SEP
and built environmental factors a multilevel modelling approach is appropriate because it
allows to consider individual factors concurrently. This study design can generate more
evidence to what extent the builiveronment mediates associations between neighbourhood
SEP and health, and how individual characteristics, such as sex or individual SEP, act as

effect modifiers in order to identify vulnerable neighbourhoods and population groups.
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Table 1. Search terms and Medical Subject Headinga PubMed.

Search

Query

#1

neighborhood [Title/Abstract] OR neighbourhood [Title/Abstract] OR area
[Title/Abstract] OR place [Title/Abstract] OR residence [Title/Abstract] OR
community [Title/Abstract] OR region [Title/Abstract]

#2

multilevel [Title/Abstract] OR multilevel [Title/Abstract] OR hierarch*
[Title/Abstract] OR "multilevel analysis" [MeSH Terms] OR "Smalea
Analysis" [MeSH Terms] OR "mixed effect*" [Title/Abstract] OR "random
effect*" [Title/Abstract]

#3

"socialenvironment*" [Title/Abstract] OR socioeconomic [Title/Abstract] OR
sociaeconomic [Title/Abstract] OR sociodemographic [Title/Abstract] or soc
demographic [Title/Abstract] OR "social environment" [MeSH Terms] or
"socioeconomic factors" [MeSH Terms]

#4

"physical environment*" [Title/Abstract] OR built [Title/Abstract] OR build*
[Title/Abstract] OR "living environment*" [Title/Abstract] OR housing
[Title/Abstract] OR pollution [Title/Abstract] OR burden* [Title/Abstract]

Final search

#1 AND #2 AND#3 AND #4
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Table 2.

Description of studies.

. Neighbourhood factors Individual and further contextual factors considered in
Reference Health outcomes Sample |Country |Design - T - - . .
Neighbourhood SEP Obijective built environment multilevel analysis
Physical activity, overweight, quality of
life, and depressive symptoms
De Meester, |- Average activity level in counts per minute [Adole- Belgium |[Cross- |Median annual household income Walkability index (residential density, Individual: educational attainment and employment status of
2012 [46] and moderate-to-vigorous physical activity in |scents sectional intersection density, land use mix) parents
mean minutes per day assessed with (13-15
accelerometer (continuous) years)
- Reported walking, cycling, and sport during [N = 637
leisure time, and active transport to and from
school in minutes per day (continuous)
Owen, 2007 |- Reported walking for transport in minutes  |Adults Australia |Cross- |Median annual household income Walkability index (dwelling density, street Individual: age, sex, education, annual household income, children
[48] per week and number of days past week (20-65 sectional connectivity, land use mix, net retail area) in household, reported reasons for neighbourhood self-selection
(continuous) years)
- Reported walking for recreation in minutes |N = 2,650
per week and number of days past week
(continuous)
Prince, 2012 |- Reported physical activity (dichotomous): [Adults Canada |[Cross- |Index (households below the low-income |Number of winter indoor/outdoor facilities and - Individual: age, sex, education, household income, smoking
[55] inactive and moderately physical activity vs. [( O 1 8 sectional |cut-off, average household income, summer outdoor facilities per 1,000 residents; [status, season of data collection, community belonging
high physical activity years) unemployed residents, residents with less |green space and park area (km?); bike/walking |- Contextual: councillor voting rates, crime, season
- Under-/normal weight vs. N =4,727 than a high school education, single- path length (km); number of grocery stores, fast
overweight/obesity (dichotomous) parent families) food outlets, convenience stores, restaurants,
and speciality food stores per 1,000 residents
Prince, 2011 |- Reported physical activity (dichotomous): [Adults Canada |[Cross- |Index (households below the low-income |Number of winter indoor/outdoor facilities and - Individual: age, sex, education, household income, smoking
[56] inactive and moderately physical activity vs. |( O1 8 sectional |cut-off, average household income, summer outdoor facilities per 1,000 residents; |status, community belonging
high physical activity years) unemployed residents, residents with less [green space and park area (km?); bike/walking |- Contextual: councillor voting rates, crime, season
- Under-/normal weight vs. N = 3,514 than a high school education, single- path length (km); number of grocery stores, fast
overweight/obesity (dichotomous) parent families) food outlets, convenience stores, restaurants,
and speciality food stores per 1,000 residents
Riva, 2009 |Reported number of 10-minute episodes Adults Canada [Cross- |Percentage of residents with a university |Urbanity index (population density, land use Individual: age, sex, education
[44] walking in the last seven days (continuous): [( 04 5 sectional [education mix, and accessibility to services)
walking for any motive, utilitarian walking, years)
recreational walking N =2,923
Sallis, 2009 |- Moderate-to-vigorous physical activity in Adults USA Cross- |Median annual household income Walkability index (residential density, retail floor |{Individual: age, sex, education, ethnicity, number of adults and
[59] minutes per day assessed with (20-65 sectional area ratio, mixed land use, intersection density) |motor vehicles in household, marital status, number of people in
accelerometer (continuous) years) household, number of years living at current address, reported
- Reported walking for leisure and N =2,199 reasons for moving to neighbourhood
transportation (continuous): minutes per
week
- BMI (continuous)
- Overweight or obesity (dichotomous)
- Obesity (dichotomous):
- Reported physical quality of life
(continuous)
- Reported mental quality of life (continuous)
- Reported depressive symptoms
(continuous)
Scott, 2009 |- Reported number of days per week walking|Adults USA Cross- |Index (adults older than 25 with less than |Number of parks and markets in a one mile Individual: age, sex, ethnicity, income, access to car in the
[57] to school, to work, to a store, to the bus,to  |( O1 8 sectional |a high school education, male radius around home address, street household, perceived neighbourhood safety, utilitarian and
do an errand, or to [years) unemployment, households with income |connectivity, median block length, street density |recreational walking considered as an adjustment variables in the
(continuous) N =1,815 below the poverty line, households final BMI model
- Reported number of days per week walking receiving public assistance, households
outdoors just for exercise or pleasure with children headed only by a female,
(continuous) median household income)
-BMI (continuous)
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Table 2. Continued.
. Neighbourhood factors Individual and further contextual factors considered in
Reference Health outcomes Sample |Country |Design - T - - . .
Neighbourhood SEP Objective built environment multilevel analysis
Slater, 2010 |- Reported vigorous exercise (dichotomous) |Students |USA Cross- |Median annual household income Number of physical activity outlets per 10,000 |- Individual: sex, grade, ethnicity, parental education, student
[58] - Reported sports participation (13-16 sectional residents, ratio of higher road classes to all income, students work, mother’s work status, private or public
(dichotomous) years) other roads, compactness index (residential school, region, year of data collection, perceived environment
- Reported physical activity participation N= density and street connectivity) (physical disorder scale, physical activity setting scale, perceived
(dichotomous) 10,620 7 neighbourhood safety
- BMI (continuous) 36,929 - Contextual: community observations by trained field teams
- Obesity (advertising, recreational space, social interactions, events, safety,
general upkeep of the area),
Sundquist, |- Moderate-to-vigorous physical activity in Adults Sweden [Cross- |Median family income Walkability index (residential density, street Individual: age, sex, family income, marital status
2011 [45] minutes per day assessed with (20-66 sectional connectivity, land use mix)
accelerometer (continuous) years)
- Reported walking for active transportation [N = 2,269
and leisure (continuous and dichotomous)
Van Dyck, |- Sedentary time assessed with Adults Belgium |[Cross- |Median annual household income Walkability index (residential density, street Individual: sex, age, education, employment status, occupation,
2010 [42] accelerometer: percentage of wearing time |(20-65 sectional connectivity, land use mix) living with children
below 100 counts per minute (continuous) |years)
- Reported sitting time in the past 7 days in  |N = 1,200
minutes per day (continuous)
Van Dyck, |- Moderate-to-vigorous physical activity in Adults Belgium |[Cross- |Median annual household income Walkability index (residential density, street Individual: age, sex, education, working status, BMI
2010 [43] minutes per day assessed with (20-65 sectional connectivity, land use mix)
accelerometer (continuous) years)
- Reported walking, recreation, and cycling |N =1,166
for transport, and motorized transport in
minutes per week (continuous)
Wen, 2009 |- Reported number of weekly Adults USA Cross- |Index (households with an annual income |Distance to subway and parks from the tract - Individual: age, sex, ethnicity, marital status, education, household
[47] workout/exercise (dichotomous): one to (018 sectional [>$50,000, families below the poverty line, |centroid; land use mix; number of art centres, income
three times vs. four times or more years) residents 025 year s|cultural institutions, leisure venues, and - Contextual: pedestrian injuries per 100,000 persons, residential
- Reported regular exercise past year N = 3,530 education, female-headed households, |entertainment facilities in a three-mile buffer density
(dichotomous) households on public assistance, from the tract centroid; number of restaurants
neighbourly trust, norms of reciprocity, and bars in a one mile-buffer; number of
violence) libraries, churches, and educational institutions
in a two-mile buffer; number of health and
human services in a three-mile buffer
Inagami, BMI (continuous) Adults USA Cross- |Index (residents below the poverty line,  |Number of fast food outlets and number of total |Individual: age, sex, education, ethnicity, employment, marital
20009 [54] (018 sectional |households headed by women, food outlets divided by census tract roadway status, annual household income, immigrant status, car ownership
years) unemployed male residents, families on |miles
N =2,156 public assistance)
Moore, 2013 |BMI (continuous) Adults USA Cross- |Index (Sixteen variables of education, Density of recreational facilities and healthy food |Individual: age, sex, ethnicity, education, household income,
[49] (45-84 sectional |occupation, income, and housing value) |environments in a one mile buffer around home |perceived neighbourhood environment (aesthetic quality, walking
years) address environment, healthy food availability), perceived neighbourhood
N = 1,503 safety and social cohesion
Ross, 2007 |BMI (continuous) Adults Canada |[Cross- |Percentage of residents with low Dwelling density (dwellings per square - Individual: age, sex, income, education, marital status, smoking
[53] (20-64 sectional |education, median household income kilometre) status, work-related physical activity, fruit/vegetable consumption,
years) daily stress, immigrant status
N= - Contextual: percentage of recent immigrants
32,964
Wang, 2007 |BMI (continuous) Adults USA Cross- |Index (median family income, median Total number of stores and fast food restaurants |Individual: age, sex, ethnicity, individual SEP index (household
[51] (25-74 sectional |housing value, blue collar workers, divided by neighbourhood size including a half |[income and educational attainment), smoking status, physical
years) unemployed residents, residents having |mile buffer zone around the neighbourhood; activity, nutrition knowledge
N = 7,595 less than high school education) proximity to food store or fast food restaurant
from home address
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Table 2. Continued.
. Neighbourhood factors Individual and further contextual factors considered in
Reference Health outcomes Sample |Country |Design - T - - . .
Neighbourhood SEP Objective built environment multilevel analysis
Grafova, - Under-/normal weight vs. Adults USA Cross- |- Index | (residents in poverty, residents |Street connectivity; number of food stores, - Individual: age, sex, education, income, ethnicity, marital status,
2008 [50] overweight/obesity (dichotomous) (055 sectional 065 years in pover t|restaurants and housing units per square mile  |non-housing assets, region of birth, current region, self-rated health
- Under-/normal weight vs. obesity years) public assistance, unemployment rate of |and by population density; PM10; summer as a child, self-rated family SEP as a child, proxy response
(dichotomous) = residents O16 year s|ozoneaverage - Contextual: crime and segregation index, residential stability
15,221 without a vehicle, black residents) index, immigrant concentration
- Index Il (upper quartile value of owner-
occupied housing units, families with
annual income 0$75,
college degree)
Wen, 2012 |Under-/normal weight vs. obesity Adults USA Cross- |Index (households with annual income Street connectivity, distance to closest seven - Individual: age, sex, education, ethnicity, poverty income ratio,
[52] (dichotomous) (20-64 sectional [0$ 75, 000, resi dent s|parks from tract centroid smoking status, marital status, US-born
years) college-educated residents) - Contextual: Population density, ethnic heterogeneity, percentage
N =9,739 of residents walking to work, age of neighbourhood buildings
Health outcomes a nd health related
behaviours
Cummins, |[Self-rated health (dichotomous): very good |Adults Britain Cross- |Unemployment index based on claimant |Food score (number of multiple owned food - Individual: age, sex, social class, economic activity
2005 [65] or good health vs. bad or very bad health (016 |and sectional {count stores), bank and building society score (banks, |- Contextual: transport wealth score (high value cars), private
years) Scotland building societies and automatic teller transport score (number of cars per 1,000 population, number of
N= machines), health service score (pharmacies, private cars per 1,000 population, number of company cars per
13,899 opticians, general practitioners, dental 1,000 population), political engagement score (voter turnout), left
practices), public recreation score (public wing political climate score (political party in power), crime score
swimming pools, libraries, and attendance at (sexuallindecent crimes, violent offences, constables/special
leisure centres), physical environment score constables by police force area, spending on police services per
(missed waste collections, public sector housing |capita)
vacancy rate, vacant and derelict land)
Stafford, Self-rated health (dichotomous): very good |Adults Britain Cross- |Unemployment index based on claimant |Food score (number of Tesco, Sainsbury and - Individual: age, family type, sex, social class, economic activity
2005 [69] or good health vs. bad or very bad health (016 |and sectional |count Safeway stores), bank and building society - Contextual: transport wealth score (high value cars), private
years) Scotland score (banks, building societies and automatic  |transport score (number of private cars per 1,000 population,
N = 8,437 teller machines), health service score number of company cars per 1,000 population), political
(pharmacies, opticians, general practitioners), |engagement score (voter turnout), political climate score (left-wing
public recreation score (public swimming pools, |political representation), crime score (reported sexual/indecent
libraries, and attendance at leisure centres), crimes, spending on police services per capita)
physical environment score (public sector
housing vacancy rate, vacant and derelict land)
Freedman, |Reported chronic diseases (dichotomous): [Adults USA Cross- |-Index | (residents in poverty, residents Street connectivity, air pollution (PM10 and - Individual: age, sex, ethnicity, marital status, education, mean
2011 [67] heart problems, high blood pressure, stroke, [( 05 5 sectional|[0O65 years in pover t|summertime ozone averages), density score assets in $100,000, income, smoking, region of residence, region of
diabetes, cancer, arthritis years) receiving public assistance, unemployed |(food stores, restaurants, housing units, and birth, self-rated health and SEP during childhood, proxy response
N= residents O16 year s|populationdensity) - Contextual: Immigrant concentration, crime and segregation,
15,374 without vehicle, black population) residential stability
-Index Il (upper quartile of the percentage
of owner-occupied housing units, families
with a total annual income of 0$ 75, 0
adults with a college degree)
Freedman, |- Reported body limitations, such as climbing|Adults USA Cross- |-Index | (residents in poverty, residents  |Street connectivity, air pollution (PM10 and - Individual: age, sex, ethnicity, marital status, education, income,
2008 [68] stairs, kneeling, crouching etc. (055 sectional|[O65 years in pover t|summertime ozone averages), density score smoking, current region, region of birth, self-rated health and SEP
(dichotomous) years) receiving public assistance, unemployed |(density of food stores, restaurants, housing during childhood, proxy response
- Reported limitations of instrumental N= residents O16 year s|units, and population density) - Contextual: immigrant concentration, crime and segregation,
activities, such as shopping, cooking, etc. 15,480 without a vehicle, black population) residential stability
(dichotomous) -Index Il (upper quartile of the percentage
- Reported limitations of daily living activities, of owner-occupied housing units, families
such as bathing, dressing, eating etc. with a total annual
(dichotomous) adults with a college degree)
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Table 2. Continued.
. Neighbourhood factors Individual and further contextual factors considered in

Reference Health outcomes Sample |Country |Design - T - - . .

Neighbourhood SEP Objective built environment multilevel analysis

Matthews, |Composite health score (continuous): Adults USA Cross- |- Index | (resident/room ratio, female- Daily vehicle miles travelled, toxic release - Individual: age, sex, ethnicity, stress level, marital status,

2010 [66] presence of any of six physical health (018 sectional |headed households, unemployment rate, |inventory sites, residual waste operations employment status, retired, incapable of working, education,
problems and self-rated health (higher years) poverty, people receiving public facilities, medical resources index (licensed and |poverty status, religious service attendance, insurance and dental
values indicate better health) N = 4,093 assistance) staffed beds, licensed medical doctors, insurance, regular source of care, transportation difficulty in seeing

- Index Il (residents with at least a hospitals, pati ents OB6|adoctor, neighbourhood participation and trust
bachelor’s degree, managerial or vaccine) - Contextual: residential stability, safety index (violent crimes,
professional occupations) property crimes, missing persons)

Yang, 2010 |Self-rated day-to-day stress on a scale from |Adults USA Cross- |Index (female headed households, Daily vehicle miles travelled based on length of |- Individual: age, sex, ethnicity, marital status, employment status,

[70] 1to 10 (continuous): higher value indicate |{( O1 8 sectional [unemployment rate, poverty, residents road and average daily traffic estimate; toxic education, poverty, food insecurity, health score (calculated from
more stress years) receiving public assistance, median release inventory sites and residual waste reported physical health problems and self-rated health), religiosity,

N = 4,095 household income, residents with at least |operation sites trust in neighbourhood people
a bachelor’s degree) - Contextual: crime, residential stability
Dragano, Objective coronary artery calcification Adults Germany [Cross- |Unemployment rate Individual distance to major road from home Individual: age, education
2009 [73] (dichotomous) (45-75 sectional address (>100 m and O1
years)
N =4,301
Dragano, Objective coronary artery calcification Adults Germany |Cross- |Unemployment rate Individual distance to major road from home Individual: age, education, economic activity, smoking, physical
20009 [74] (dichotomous) (45-75 sectional address (0-50 m, 51-100 m, 101-2 0 0 m, inactivity, overweight, hypertension, total cholesterol
years) m)
N =4,301
Chuang, Reported number of smoked cigarettes on  |Adults USA Cross- |Index (residents with less than high Number of convenience stores per square mile, |Individual: age, sex, ethnicity, individual SEP index (education,
2005 [71] average per day (continuous) (25-74 sectional |school education, blue collar workers, individual distance to nearest convenience store |poverty status based on federal poverty threshold)
years) unemployed residents, median annual from home address, number of convenience
N =8,121 family income, median housing value) stores in a one mile radius around home
address
Pollack, Reported alcohol consumption Adults USA Cross-  [Townsend Material Deprivation Index Number of alcohol outlets per square mile, Individual: age, sex, ethnicity, marital status, individual SEP index
2005 [72] (dichotomous): heavy alcohol consumption |(25-74 sectional | (crowded occupied housing units, distance to alcohol outlet from home address, (income and education)
(>7 drinks per week for females; >14 drinks |years) unemployed residents in the civilian number of alcohol outlets in a half mile radius
per week for males) N =8,197 labour force, tenant occupied housing around home address
units, occupied housing units without a
vehicle available)
Perinatal and child health

Géneréux, |- Preterm birth (dichotomous) Life births |{Canada |[Cross- |Percentage of low-income families Individual proximity to highway from home Individual: maternal age and education, infant’s sex, civil status,

2008 [62] - Low birth weight (dichotomous) N= sectional address (distance X200 m) maternal country of birth, birth order, history of previous stillbirth,
- Small for gestational age (dichotomous) 99,819 year of birth

Ponce, 2005 |Preterm birth (dichotomous) Life births |{USA Cross- |Index (unemployed residents in the Distance-weighted traffic density based on - Individual: Maternal age, education, and ethnicity, payment for

[63] N= sectional |civilian labour force, households with individual distance to roadways from home delivery, prenatal care, infant’s sex, parity, time since previous life

37,347 public assistance income, families with address and annual average daily traffic counts |birth, previous low birth weight or preterm infant, year of birth, live
income below the poverty line) near highway, air pollutants
- Contextual: season
Williams, Birth weight in grams (continuous) Life births |[USA Cross- |Percentage of residents below the Average atmospheric concentration of sulphur  |Individual: maternal education and ethnicity, infant’s sex, previous
2007 [60] N= sectional |poverty level dioxide, lead and fine particulates around infant delivery, previous infant >4,000 gram or <37 week,
13,559 infant’s home; number of hazardous waste sites |hypertension, oligohydramios, preeclampsia, previous non-live
in a 5 kilometre radius around infant’s home births, smoking, infants born from same pregnancy, other rare
maternal risk factors

Zeka, 2008 |- Birth weight in grams (continuous) Life births |[USA Cross- |Median annual household income Cumulative average daily traffic; individual Individual: age of mother, maternal education, ethnicity, prenatal

[61] - Small for gestational age (dichotomous) N= sectional distance to major highways from home address; |visits, gestational age, smoking during pregnancy, previous infant
- Preterm birth (dichotomous) 425,751 percentage of open space designed for greater than 4,000 gram, previous preterm birth, chronic or

recreation, conversation, water supply, and gestational conditions of mother, year of birth
forestry
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Table 2. Continued.

Neighbourhood factors

Individual and further contextual factors considered in

Reference Health outcomes Sample | Country | Design Neighbourhood SEP Objective built environment multilevel analysis
Reading, - Reported number of child accidents by Children |Britain Longi- |Percentage of unemployed residents, Road density of all roads, road density of major |- Individual: child (age, sex, twin or triplet, ethnicity, physical
2008 [64] mother (0-5 tudinal |percentage of social classes 4 and 5 roads, percentage of detached and semi- activity, development, behavioural characteristics, motor functions,
- Reported number of medical attended child |years) detached housing, percentage of terraced activity, risk avoidance, strength and difficulties, arguing with
injuries N= housing, percentage of purpose built flats, mother), mother (age, education, marital status, ethnicity,
41,409 percentage of converted flats relationship status, partner moved out, lost partner, employment

status, smoking status, alcohol and cannabis consume, depressive
symptoms, significant life events, social support), partner
(employment status, ethnicity, alcohol consumption), household
(number and age of siblings, number of adults, lone parent, number
of child caretakers, household income, financial difficulties, home
owner, car), housing (rented, flat or room, garden, safety features),
perceived neighbourhood environment (quality of neighbourhood,
environmental problems, bus traffic, fear of crime, neighbourhood
contacts), movement during data collection

- Contextual: population aged 0-4 years, lone parents, movements,
home owners, renters, overcrowded households, residents without
a car, black population

Abbreviations:

SEP = Socioeconomic position; BMI = Body Mass Index; PM10 = quarterly measures of particulate matter at 10 um or less
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Table 3. Associations between socioeconomic and built environments and physical activity.

Neighbourhood SEP*

Objective built environment*

High Low High High Walk- |Urbanity |Bike/ Conn- |Comp- [Land Traffic/ |Parks |Sport |[Cultural/ |Restau- |Fast Retail [Health/ |Dis- Dis- .
Reference | Outcomes* (sgp SEP Income |Edu- ability [Index |walking |ectivity |actness |use mix [air and facilities |edu- rants food human [tance to |tance to Interactions
(Index) |[(Index) cation path index pollution [green cational outlets services [parks  [subway
length space institu-
tions
De Meester, |Average activity . .
2012 [46] level M D § only in low income
MVPA M D neighbourhoods
Walking, cycling,
and sport n.s. n.s.
Active transport
to and from n.s. n.s
school
Owen, 2007 |Walking for $ only for people who
[48] transport (weekly n.s. E choose place due to
minutes) service access
Walking for $ only for people with 12
transport (weekly n.s. E or more years of education
frequency)
Walking for
recreation n.s. n.s.
Prince, 2012 |Leisure time “
[55] physical activity n.s. n.s. E n.s n.s. n.s. n.s. § only for women
Prince, 2011 |Overall physical 1) S only for men; 2) §
[56] activity n.s. n.s. Y n.s. E? n.s. E® only for women; 3) § only
for men
Riva, 2009 (Walking per
[44] week for any $ n.s.
motive
Utilitarian ~ P Not reported
walking per week S S
Recreational z &
walking per week
Sallis, 2009 [MVPA n.s. g
[59] -
Walking for n.s n.s No significant interactions
I\illslulje - " " detected
alking for B
transportation n.s. s
Scott, 2009 |Utilitarian § only for non-Hispanic
[57] walking n.s. n.s. n.s. E whites
Recreational S only for African
walking Americans (street
connectivity (alpha index))
n.s. E n.s. n.s. $ stronger for non-
Hispanic whites (block
length)
Slater, 2010 |Vigorous
(58] exercise n.s. n.s. n.s. n.s.
Sports & % No significant interactions
participation n.s. S n.s. S detected
Physical activity
participation n.s. n.s. n.s. n.s.
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Table 3. Continued.

Neighbourhood SEP* Objective built environment*
" High Low High High Walk- |Urbanity |Bike/ Conn- |Comp- [Land Traffic/ |Parks |Sport [Cultural/ |Restau- |Fast Retail [Health/ |Dis- Dis- .
Reference | Outcomes* |sgp SEP Income |Edu- |ability [Index |walking |ectivity |actness |use mix |air and facilities |edu- rants  |food human [tance to |tance to Interactions
(Index) |[(Index) cation path index pollution [green cational outlets services [parks  [subway
length space institu-
tions
Sundquist, |MVPA .
2011 [45] n.s. S
Walking for . No significant interactions
active n.s. S detected
transportation
Walking for P
leisure n.s. S
Van Dyck, |MVPA &
2010 [43] n.s. S
Walking for & P
transport S S
Walking for z R ) .
recreation n.s. S lc\ilc>tS|?nglcant interactions
Cycling for . etecte
transport n.s. S
Motorized p &
transport S S
\Z/S?OD[Z;I]( Sitting time n.s. S No significant interactions
Sedentary time n.s. g detected
Wen, 2009 (Weekly .
' : E n.s. n.s. S ns. | ns. | ns.
[47] workout/exercise & mitigated for men
Regular exercise ,
past year E n.s. n.s. S ns. | ns. | ns.
* a detailed description of variables is given in table 2
Abbreviations:

SEP = Socioeconomic position; MVPA = Moderate-to-vigorous physical activity; BMI = I§ody Mass Index; D = Within-level interaction (interaction is specified in the interaction column); E = Cross-level interaction
(interaction is specified in the interaction column); §  Significant positive association; S  Significant negative association; n.s. = Not significant; M = Variable considered as a moderator via stratification or interaction
term
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Table 4. Associations between socioeconomic and buhvironments and measures of overweight.

Neighbourhood SEP*

Objective built environment*

Reference |Outcomes* |High Low High Low Low Low Bike/ Connec- [Compa- |Traffic/ |Dwelling|Density (Parks |Sport Dis- Res- Fast Retail Interactions
SEP SEP Income |Income |Edu- walka- |walking |tivity ctness |air density |index and facilities [tance to |taurants |food
(Index) [(Index) cation |bility path index pollution green parks outlets
length space
Iznoa:)gga?szzr]m, BMI [ [ E § mitigated for car owners
[M48;)re, 2013(BMI & IS n.s. |Notreported
E%?S’ 2007 |BMI n.s. $ n.s. No significant interactions detected by sex
[SSCY?n’ 2009 |BMI E E D n.s. |$ only for non-Hispanic whites (alpha index)
Wang, 2007 |BMI 1)D o] oflly for women (individual proximity to
[51] $ n.s. 2) ethnic markets and supermarket); 2) § only for
E women (density of grocery stores)

Slater, 2010 |BMI é é n.s. n.s. o _ _
[58] . _ _ No significant interactions detected

Obesity S S n.s. n.s.
[S%I]Iis, 2009 (BMI 3 n.s.
5 B

oOrvgkr)vg:iltg;ht n.s $ No significant interactions detected

Obesity S n.s
Grafova, Obesity S n.s. n.s. E n.s. $ only for women (air pollution)
2008 [50] Overweight &

or obesity S n.s. n.s. n.s. n.s.
[F;rg]]ce' 2oz oorvst?g(sailtgyht n.s. n.s. E n.s. n.s. E E § only for women
Prince, 2011 |Overweight ; ) 3 . E) S only formen; 2) § formenand S for
[56] or obesity EY n.s. E? EY S n.s. E? |women; 3)§ only for women (summer outdoor

facilities); 4) § only for women (specialty stores)

}g’zn’ 2012 | Obesity S é $ No significant interactions detected by sex

* a detailed description of variables is given in table 2
Abbreviations:
SEP = Socioeconomic position; MVPA = Moderate-to-vigorous physical activity; BMI = Body Mass Index; D = Within-level interaction (interaction is specified in the interaction column); E = Cross-level interaction

(interaction is specified in the interaction column); §

term

Significant positive association; S Significant negative association; n.s. = Not significant; M = Variable considered as a moderator via stratification or interaction
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Table 5. Associations between socioeconomic and built environments and health outcomes and healtited behaviours.

Neighbourhood SEP* Objective built environment*
Low High High High Walk- |Street |Traffic/ |Waste |Low Low Low Low Density |Distance |Store Alcohol |Low .
Reference | Outcomes* |sgp SEP Income |unem- |ability [connec- |air sites public  |bank/ |environ- |health |index [to/num- [density |outlet |food Interactions
(Index) |[(Index) ploy- tivity pollution re- building |ment service bers of density |score
ment creation |society |[score |score stores
score __|score
ggon;r?ég? Self-rated health S n.s. n.s. E n.s. n.s. |$ stronger for non-working study participants
Stafford, Self-rated health 1) 1) 1) 1) 2) [1)$ only for women
2005 [69] E ns. | E E E E™ 12)¢ only for men
Freedman, [Heart Problems E n.s. n.s. n.s. n.s. § only for women
2011 [67]
Blood Pressure,
Stroke, Cancer n.s. n.s. n.s. n.s. n.s.
Diabetes, Arthritis
Freedman, |Body limitations n.s é n.s n.s n.s
2008 [68] - — S S S =
Daily activity }
limitations E n.s. n.s. n.s. n.s. $ only for men
Instrumental
activity limitations n.s. n.s. n.s. n.s. n.s.
Matthews, [Health score p fd high individual stress: mitigated in more
2010 [66] & 1) & 2) affluent neighbourhoods; 2) § for high individual
S ME S ME stress: stronger in areas with residual waste
operations
Sallis, 2009 |Physical quality of »
[59] life 5 n.s.
Il;/fl:ntal quality of n.s. é No significant interactions detected
Depressive .
symptoms n.s. S
E;%r;g, 2010 |Day-to-day stress n.s. g g Not reported
Dragano, Artery § only for women with a distance to major road >100
2009 [73] calcification E M m and § only for men with a distance to major road
<100 m
Dragano, Artery = B ) .
2009 [74] |calcification S D Sonly for men with a dis
Chuang, Smoking 1) S stronger for high SEP individuals; 2) S stronger
2005 [71] 2 in high SEP neighbourhoods (individual distance to
E 1) E 2); 3) E stores); 3) § stronger in high SEP neighbourhoods
D 5) (individual number of stores around home address);
4) § mitigated for high SEP individuals; 5) §
stronger in high SEP neighbourhoods
Pollack, Alcohol & n No significant within or cross-level interactions
2005 [72] consumption S detected

* a detailed description of variables is given in table 2
Abbreviations:
SEP = Socioeconomic position; MVPA = Moderate-to-vigorous physical activity; BMI = Body Mass Index; D = Within-level interaction (interaction is specified in the interaction column); E = Cross-level interaction
(interaction is specified in the interaction column); §

term

Significant positive association; S

Significant negative association; n.s. = Not significant; M = Variable considered as a moderator via stratification or interaction
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Table 6. Associations between socioeconomic and built environments and perinatal outcomes and child health.

Neighbourhood SEP*

Objective built environment*

Reference Outcomes* SEP Index [High Low Unemploy- [Poverty  |Air pollution|Traffic Proximity to|Distance to [Road Waste sites [Open Building Interactions
Income income ment highways |highways |density space character-
istics
Géneréux, Preterm birth § only in neighbourhoods with a high
2008 [62] M DE income and for mothers with a university
education
Low birthweight § only in neighbourhoods with a high
M DE income and for mothers with a university
education

Small for gestational M E § only in neighbourhoods with a high

age income
Ponce, 2005 |Preterm birth M E § only in low SEP neighbourhoods during
[63] winter
Williams, Birth weight E é n.s S stronger for individuals with rare
2007 [60] e maternal risk factors
[Zﬁellia’ 2008  [Birth weight 5 n.s. D E $ only for mothers with a high education

Small for gestational &

age S n.s. n.s. n.s.

Preterm birth n.s. n.s. n.s. n.s.
ggggl[rég‘{] i(rjﬂhdlrtiiez;c:0|dents and n.s. n.s. n.s. not analysed

* a detailed description of variables is given in table 2

Abbreviations:
SEP = Socioeconomic position; MVPA = Moderate-to-vigorous physical activity; BMI = Body Mass Index; D = Within-level interaction (interaction is specified in the interaction column); E = Cross-level interaction
(interaction is specified in the interaction column); §

term

Significant positive association; S Significant negative association; n.s. = Not significant; M = Variable considered as a moderator via stratification or interaction
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Figure Legends
Figure 1. Flow diagram ofstudy selection.

The diagram describes the information flow containing number of identified records, included
and excluded records, and the reasons why records were excluded. The diagram was adapted
from the PRISMA statements [41].

Supporting Information L egends
Checklist S1.PRISMA 2009 checklist.

Search queries S2. Search terms for PubMed, Psychinfo, and Web of Science.
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Figure 1. Flow diagram of study selection.

Identification

Screening

Eligibility

Included

Records identified through database
searching
(Web of Science: n = 568

Additional records identified
through checked references
n=9)

PubMed: n =381

PsychInfo: n=153)

Records after duplicates removed
(n=858)

A

Records screened

h 4

(n = 858)

A

Full-text articles assessed

Records excluded
(n = 686)

for eligibility
(n=172)

A 4

Studies included in
qualitative synthesis
(n =33)
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Full-text articles excluded, with

reasons
(n=139)
e No objective built environment
(n=32)
No multilevel design (n = 30)
No neighbourhood SEP (n = 235)
No individual SEP (n = 19)
Neighbourhood SEP only
considered as an adjustment
variable (n = 16)
¢  Built environment and
neighbourhood SEP not
simultaneously considered (n = 5)
e  No neighbourhoods (n = 4)
¢  No individual health outcome
(n=3)
e  Ethnic population sample (n = 3)
e  Individual SEP sample data
aggregated to neighbourhood level
(n=2)




Checklist S1.PRISMA 2009 checklist.

@ PRISMA 2009 Checklist

) : M Reported
Section/topic # Checklist item on page #
TITLE
Title 1 | Identify the report as a systematic review, meta-analysis, or both. 1
ABSTRACT
Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, | 2
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of what is already known. 3,4,5

Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, | 5
outcomes, and study design (PICOS).

METHODS

Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 5
registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICQOS, length of follow-up) and report characteristics (e.g., years considered, 5,6
language, publication status) used as criteria for eligibility, giving rationale.

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 56
additional studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be 5,6,
repeated. table 1

Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 5.6
included in the meta-analysis).

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes | 7
for obtaining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 7
simplifications made.

Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 7

studies done at the study or outcome level), and how this information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). N/A*

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of consistency N/A

(e.g., I for each meta-analysis.
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@& PRISMA 2009 Checklist

Section/topic

Checklist item

Reported
on page #

Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective N/A
reporting within studies).

Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating | N/A
which were pre-specified.

RESULTS

Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at | 7, ﬁgure 1
each stage, ideally with a flow diagram.

Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and | 7, 8, table
provide the citations. 2

Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). N/A

Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 9-14,
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. tables 3-6

Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. N/A

Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see ltem 15). N/A

Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see ltem 16]). N/A

DISCUSSION

Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 14-15
key groups (e.g., healthcare providers, users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 16
identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research. 15-19

FUNDING

Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the | See financial
systematic review. gﬁgl;sgure/

* N/A = Not applicable

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting ltems for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097.

doi:10.1371/journal.pmed1000097

For more information, visit: www.prisma-statement.org.
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Seard queries S2. Search terms for PubMed, Psychinfo, and Web of Science.

PubMed (Advanced searchy’

(neighborhoodTitle/Abstract] OR neighbourhood [Title/Abstract] OR area [Title/Abstract] OR place
[Title/Abstract] OR residence [Title/Abstractf OR community [Title/Abstract] OR region
[Title/Abstract]) AND (multilevel [Title/Abstract] OR nMdirel [Title/Abstract] OR hierarch*
[Title/Abstract] OR "multilevel analysis" [MeSH Terms] OR "@wedl Analysis" [MeSH Terms] OR
"mixed effect*" [Title/Abstract] OR "random effect*" [Title/Abstract] ) AND ("social environment*"
[Title/Abstract] OR socioeconomic [Title/AbstfacOR socieeconomic [Title/Abstract] OR
sociodemographic [Title/Abstract] OR sed@mographic [Title/Abstract] OR "social environment"
[MeSH Terms] OR "socioeconomic factors" [MeSH Terms]) AND ("physical environment*"
[Title/Abstract] OR built [Title/Allact] OR build* [Title/Abstract] OR "living environment*"
[Title/Abstract] OR housing [Title/Abstract] OR pollution [Title/Abstract] OR burden* [Title/Abstract])

PsycINFO (Expert search)

((neighborhood OR neighbourhood OR area OR place OR residencen@indy OR region) AND
(multilevel OR multievel OR hierarch* OR "mixed effect*” OR "random effect*") AND ("social
environment*' OR socioeconomic OR see@mnomic OR sociodemographic OR sdemographic)
AND ("physical environment*" OR built OR build® Qiving environment*' OR housing OR pollution
OR burden*)).ab,hw,id,ot,tc,ti,tm.

Web of Science (Advanced search)

TS=((neighborhood OR neighbourhood OR area OR place OR residence OR community OR region) AND
(multilevel OR muHievel OR hierarch* ORnixed effect*" OR "random effect*" ) AND ("social
environment*" OR socioeconomic OR s@&tonomic OR sociodemographic OR sdeimographic)

AND ("physical environment*" OR built OR build* OR "living environment** OR housing OR pollution
OR burden*))

1) Medical Subheadings were only available in PubMed and not in the two other database
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Annex A.2  Neighbourhood socioeconomic context, individual socioeconomic
position, and overweight in young children: a multilevel st udy in a

large German city

Reference:

Schile, S. A von Kries, R., Fromme, H., & Bolte, G. (201Bleighbourhood socioeconomic
context, individual socioeconomic position, and overweight in young children: a multilevel
study in a large German citBMC Obesity, 325. doi: 10.1186/s4066816-01064

Link to full article

https://bmcobes.biomedcentral.com/articles/10.1186/s40668®1064
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Neighbourhood socioeconomic context, @
individual socioeconomic position, and
overweight in young children: a multilevel

study in a large German city

Steffen Andreas Schiile'”, Rudiger von Kries?, Hermann Fromme? and Gabriele Bolte'

Abstract

Background: The context of the close neighbourhood environment in which children live has gained increasing
attention in epidemiological research. This study aimed to investigate if contextual neighbourhood
socioeconomic position (SEP) was independently associated with overweight in young children aged 5-7 years
while simultaneously considering a wide range of individual socioeconomic determinants and known risk factors
for overweight.

Methods: Objectively measured body mass index (BMI) data from 3499 children (53 % boys and 47 % girls) from three
surveys between 2004 and 2007 clustered in 18 school enrolment zones in the city of Munich, Germany, were analysed
with hierarchical logistic regression maodels. An index of neighbourhood SEP was calculated with principal component
analysis using aggregated data. Individual socioeconomic data, maternal BMI, and birth weight were collected with
parental questionnaires. We analysed how much of the between neighbourhood variance of overweight was
attributable to individual factors and how much was explained by neighbourhood SEP.

Results: The prevalence of overweight, including obesity, was 14.1 %. In the final adjusted model low neighbourhood
SEP was independently associated with overweight (odds ratio (OR) = 142, 95 % confidence interval (Cl) = 1.00-2.00)
compared to high neighbourhood SEP. On the individual level low parental education (OR=1.99, 95 % Cl = 1.49-2.65)
or middle parental education (OR =150, 95 % Cl = 1.16-1.95) compared to high parental education and nationality of
the child other than German (OR =1.53, 95 % Cl = 1.17-1.99) compared to German nationality were independently
associated with overweight.

Conclusions: Whereas individual determinants were the main drivers in explaining between neighbourhood variance,
neighbourhood SEP additionally explained differences in overweight between neighbourhoods. Thus, considering
neighbourhood context in intervention planning could result in more effective strategies compared to measures only
focusing on individual determinants of overweight.

Keywords: Multilevel study, Hierarchical regression, Neighbourhood, Contextual factors, Children, Overweight,
Socioeconomic position
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Background

The increase of overweight and obesity in young chil-
dren in middle and high income countries in recent de-
cades is described as one of the most challenging public
health problems [1, 2]. Children being overweight or obese
are at greater risk of pulmonary, orthopaedic, neuro-
logical, gastroenterological, endocrine, or cardiovascular
diseases in their later life [3, 4]. Therefore, a deeper under-
standing of the causes of overweight in younger ages and
the identification of population groups which are mostly
affected and need appropriate interventions is of great
importance.

Socio-ecological approaches targeting supportive en-
vironments are attracting increasing attention for over-
weight prevention [5]. Therefore, the research question
how contextual neighbourhood factors influence over-
weight in children is of great interest. A contextual
effect is present if factors on the neighbourhood level
are independently associated with individual health out-
comes while possible individual level risk factors are sim-
ultaneously considered to avoid an ecological fallacy. To
separate out potential contextual effects from individual
effects a multilevel modelling approach offers an appropri-
ate analytic strategy [6—8].

Recent reviews provide evidence that a low context-
ual neighbourhood socioeconomic position (SEP) is a
good predictor for negative health outcomes in child-
hood. There is still a great heterogeneity in neighbour-
hood studies on how indicators of neighbourhood SEP
are operationalized and a comprehensive theory is still
missing. Measures of income, education and employ-
ment on the level of administrative areas, such as cen-
sus tracts, are the most often used indicators describing
neighbourhood SEP [9-12].

We used the term SEP in this paper as suggested by
Krieger et al. [13, 14]. It is defined as a term which com-
bines economic and social resources with prestige-based
characteristics which relatively position individuals, house-
holds or neighbourhoods in society.

Most studies analysing associations between neighbour-
hood SEP and child health were conducted in the USA.
Moreover, only a minority of studies have analysed how
neighbourhood SEP was associated with measures of over-
weight in younger children while simultaneously taking
into account relevant socioeconomic and parental factors
on the individual level in order to disentangle their inde-
pendent associations. There is evidence that parental edu-
cation and occupation, household income, and household
conditions are the most important socioeconomic indica-
tors during childhood [15]. Parental overweight [16] or
high birth weight [17] should be additionally considered
as important adjustment variables because these factors
can confound associations between neighbourhood SEP,
individual SEP and overweight in young children.
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Therefore, this study aimed to analyse how the socio-
economic context of neighbourhoods was associated
with overweight in young children while simultaneously
considering indicators of individual SEP in multilevel
analysis as well as birth weight and maternal body mass
index (BMI) as adjustment variables. A further objective
of this study was to determine how much variance of
overweight between neighbourhoods was explained by
individual factors and how much was attributable to the
neighbourhood socioeconomic context.

Methods

Study population and study area

Data collection was performed within the health moni-
toring units in Bavaria (GME, Gesundheits-Monitoring-
Einheiten) which are organized by the Bavarian Health
and Food Safety Authority. Main goal of the GMEs is
to monitor health status of children in Bavaria. There-
fore, in three consecutive years surveys with identical
procedures concerning data collection were conducted
within the framework of the obligatory school entrance
health examination in three rural and three urban study
regions. All parents gave their written informed consent.
The ethics committee of the Bavarian medical council ap-
proved the procedures of data collection before the first
survey [18]. There were only slight modifications of the
questionnaires between the surveys.

This analysis considered 3499 children aged 5-7 years
in one of the GME study regions, the city of Munich.
Data were pooled from the three surveys conducted be-
tween 2004 and 2007 in Munich. The children were
clustered in 18 school enrolment zones with a range of
117 — 331 children per school district. These districts
were used as a proxy for the children’s close neighbour-
hood environment.

Measures of overweight

Weight and height were objectively measured by trained
staff of the local health authority. Age—specific BMI per-
centile curves specific for boys and girls, respectively, were
used to derive cut-offs for defining children as overweight
or obese. We used the International Obesity Task Force
(IOTF) cut-off values by Cole et al. [19]. In our analysis
the definition of overweight did also include children with
obesity.

Individual characteristics from parental questionnaires

We defined three categories of parental education. The
highest level of completed education achieved either by
the mother or the father was considered. ‘High' in-
cluded a final degree at university or technical college,
A-levels, or advanced technical college entrance qualifica-
tion. ‘Middle’ included upper secondary school certificate
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or adequate graduation. ‘Low’ included a lower secondary
school certificate or no graduation.

Household equivalent income was calculated based on
the reported monthly household net income as dispos-
able income after taxes and social transfers weighted
for age and number of household members according
to the Organization for Economic Co-operation and
Development-modified scale [20]. A relative poverty
threshold was defined as 60 % of the median household
equivalent income in Bavaria [21]. Three income
groups were created: ‘low’ (<60 % of median), ‘middle’
(60 % of median — median), and ‘high’ (>median). Due
to a high number of missing information on household in-
come in our dataset we created an additional income group
‘not indicated’ including parents who did not respond on
their income in order to avoid selection bias [22].

Parental working status was considered as a binary
variable. Unemployment within household was applied if
both parents were marginally employed at most. The
category employment was applied if one parent was at
least part-time employed. A binary variable of single par-
enthood was created by combining three answers about
single parent, family status, and living together with a
partner. Only responses showing consistency in all three
answers were taken into account [22].

Household crowding was present if there was more than
one person per room or less than 20 m* per person avail-
able. Nationality of the child was used as an indicator of
migration status. Following the rationale of Schenk et al.
[23], categories of German nationality and non-German
nationality, including dual citizenship, were defined.

Birth weight and BMI of the mother were obtained from
parental questionnaires, too. Three categories of birth
weight were generated using international cut-offs from
the Pediatric Nutrition Surveillance System (PedNSS) by
the Centres for Disease Control and Prevention (CDC)
[24]: Low (<2500 gram), normal (2500 gram - 4000 gram),
and high (>4000 gram). Maternal BMI data were catego-
rized into normal (<25 kg/m?), overweight (25 kg/m” -
<30 kg/m?), and obese (230 kg/m?).

Neighbourhood socioeconomic variables

We considered five aggregated variables on the level of
administrative primary school enrolment zones in
which the children live. Averages from the years 2006
and 2007 were calculated. From the city council of
Munich we obtained data on foreigners and migration
background (percentage of residents with no German
citizenship, and percentage of residents with a German
citizenship and a migration background), and house-
hold data (percentage of single parent households).
Data on education were provided by microm GmbH,
Neuss, Germany (percentage of households with lower
education and with vocational training).
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Statistical analysis

All statistical analyses were performed using SAS statis-
tical software package version 9.3 (SAS Institute, Cary,
NC, USA).

We performed bivariate logistic regression between so-
cioeconomic neighbourhood variables, individual variables
and overweight. All individual variables which were asso-
ciated with overweight with a Wald’s P <0.2 in bivariate
logistic regression were included in multivariate analysis.
All socioeconomic neighbourhood variables which were
associated with overweight with a Wald’s P <0.2 were
taken into account for principal component analysis
(PCA). This cut-off is recommended for initial covariable
selection [25].

PCA was used as a statistical procedure for data re-
duction of correlated variables because it creates non-
correlated orthogonal linear combinations explaining
the maximum of variance [26]. The first component
explains most of the variance and was therefore used
as an indicator for the socioeconomic neighbourhood
environment. Higher values of the index imply a lower
neighbourhood SEP. Spearman rank correlation coefti-
cients between socioeconomic neighbourhood wvari-
ables used for PCA and the first component were
calculated to check how each neighbourhood socio-
economic indicator was represented in the index. Fi-
nally, the index was categorized into tertiles (high,
middle, and low neighbourhood SEP).

The wvariance inflation factor (VIF) (VIF;=1/T,) was
used to assess multicollinearity between the covariables,
The VIF is calculated with the tolerance (T) (T;=1-R?).
R? is the calculated variance of each covariate associated
with all other independent variables. A VIF higher than 10
indicates a serious problem of multicollinearity [27-29].

We applied multilevel logistic regression modelling with
school districts as random intercepts to correct for clus-
tering of individuals within the same school district [30].
Our calculated index of neighbourhood SEP was modelled
as a 2nd level variable. All individual level variables were
considered on the 1st level. Multilevel modelling enables
to estimate variance between school districts separately
from residual variation between individuals. Thus, this
modelling approach makes quantification of overweight
variance between neighbourhoods being explained by our
calculated neighbourhood SEP index possible. The GLIM-
MIX procedure in SAS was used for calculating multilevel
models.

In a first empty null model only school districts were
modelled as random intercepts in order to assess the
covariance parameters for the random intercept vari-
ance of overweight between school districts. In a sec-
ond model individual level variables were included to
analyse how these variables were associated with over-
weight, and how much of the variance between school
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zones was explained by these factors. In the full third
model the index of neighbourhood SEP was added to
assess if there was an independent association between
neighbourhood SEP and overweight. For multivariate
analysis observations with missing values in any inde-
pendent variable were not taken into account, except
for household income. The category ‘not indicated’ was
generated because of a high number of missing values
for this variable. For all other variables considered for
multivariate analysis the amount of missing values was
acceptable (<7 %).

Multilevel models were adjusted for the three survey
years considering each survey as a dummy variable and
maternal BMI and birthweight. For the neighbourhood
intercept variance estimates covariance tests were per-
formed and p-values and confidence intervals were cal-
culated. Based on the neighbourhood intercept variance
estimates we calculated the proportional change in vari-
ance (PCV) in percent according to the following equa-
tion by Merlo et al. [31, 32]: PCV = ((V,-V},)/Va,) x 100.
V, is the between neighbourhood variance of the empty
model and Vj, is the between neighbourhood variance
including covariables, in the individual model and the
full model respectively. As a sensitivity analysis, we per-
formed multiple imputation for missing values for
household income. Multiple imputation of hierarchical
data is still a research area with remaining issues and
there is still no standard procedure to pool covariance
estimates from the random intercepts [33]. Therefore,
we performed multiple imputation for fixed effects only
in order to check if estimates differed to our models
considering missing values as an additional income cat-
egory. We applied cumulative logistic regression imput-
ation within the PROC MIANALYZE procedure in SAS
which is appropriate for ordinal variables [34-36]. In
order to consider our clustered data structure, school
zones were taken into account as dummy variables
within the imputation procedure.

Results

Characteristics of study population

There were 53 % boys and 47 % girls in the study popu-
lation. The overall prevalence of overweight, including
obesity, was 14.1 %. Sex-specific prevalence was similar
in boys (14.0 %) and girls (14.2 %). 8.5 % of the children
had a high birth weight and 24.2 % of mothers were
overweight or obese. 17.4 % of the parents had a low
education. 13.1 % of the families were affected by rela-
tive poverty with a household income below 60 % of the
median Bavarian equivalent household income. In 6.9 %
of households parents were unemployed, 144 % re-
ported to be single parents, and 35.5 % of the families
were affected by household crowding (Table 1).
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Table 1 Characteristics of study population
N Percent

Individual Variables
Overweight (N = 3499)

Yes 494 14.1

No 3005 859
Sex (N =3499)

Boys 1856 530

Girls 1643 470
Nationality of the child (N =3479)

Other than German 658 189

German 2821 811
Birth weight (N = 3499)

Low (<2500 gram) 407 116

Normal (2.500 gram - 4.000 gram) 2794 799

High (>4.000 gram) 298 85
BMI mother (N = 3250)

Normal (<25 kg/m?) 2464 758

Overweight (25 kg/m? - <30 kg/m?) 591 182

Obese (230 kg/m?) 195 60
Parental education (N = 3380)

High 1971 583

Middle 822 243

Low 587 174
Parental working status (N = 3405)

Unemployment within household 236 69

At least one parent employed 3169 93.1
Single parenthood (N = 3435)

Single parent 493 144

Other 2942 85.7
Egivalent household income (N = 3499)

Low (<60 % Median) * 457 13.1

Middle (60 % to Median) 812 232

High (>Median) 824 236

Not indicated 1406 402
Household crowding (N = 3406)

Yes 1210 355

No 2196 64.5
Contextual Variable
Neighbourhood SEP (N = 3499)

High 974 278

Middle 1150 329

Low 1375 393

N total number of observations, SEP Socioeconomic position
*Median equivalent household income in Bavaria
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