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Résumé 

Problématique: Malgré un nombre croissant d'études démontrant l'influence 

significative des milieux de vie sur la santé, définir et opérationnaliser le milieu 

demeurent problématiques. D'une part, il n'y a pas de consensus sur la définition 

conceptuelle du milieu. D'autre part, dans une majorité d'études, les milieux sont 

opérationnalisés par des unités spatiales administratives, tels les secteurs de 

recensement (SR). L'utilisation de ces unités soulève des enjeux de validité dont 

celui du degré d'homogénéité des milieux au niveau des expositions. Une absence 

d'homogénéité des expositions peut mener à des biais de mesure, voire de mauvaise 

classification (<< misclassification »), et d~s biais d'estimation des effets de milieux 

(<< misestimation »). Or, jusqu'à présent, la résolution de ce défi méthodologique n'a 

pas fait l'objet de beaucoup d'études. 

Objectif: Cette thèse porte sur la question de recherche suivante: Quel est l'apport 

du développement et de l'application d'une approche novatrice pour créer des unités 

spatiales pour la compréhension des effets de milieux sur la santé ? Cette approche 

est fondée sur la création de zones homogènes en termes d'une exposition spécifique, 

le potentiel de vie active des milieux résidentiels, lequel semble être associé à un 

indicateur de santé spécifique, la marche. 

Méthodes: Les 3206 aires de diffusion de l'île de Montréal caractérisées comme 

similaires au niveau du potentiel de vie active, mesuré par la densité de population, la 

mixité d'occupation du 'sol et l'accessibilité géographique aux services de proximité, 

ont été regroupées statistiquement en sept catégories optimales d'exposition puis 

importées dans un système d'information géographique; 898 zones homogènes, 

caractérisées par une des sept catégories d'exposition, ont ainsi été créées. La valeur 

de cette approche a été évaluée en quantifiant les degrés d'homogénéité des zones et 

des SR au niveau du potentiel de vie active. L'influence de ce potentiel sur les 

habitudes de marche de 2716 adultes a été examinée en comparant les résultats 
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obtenus lorsque le milieu est opérationnalisé par les nouvelles unités spatiales plutôt 

que par les secteurs de recensement. 

Résultats: Alors que les SR sont homogènes en termes d'accessibilité aux services, 

ils sont hétérogènes en fonction de la densité de la population et de la mixité de 

l'occupation du soL De plus, une majorité des SR (55.5%) est caractérisée par une 

combinaison de trois catégories d'exposition ou plus. La validité des SR pour étudier 

les déterminants environnementaux de la marche est donc limitée. L'accessibilité 

géographique aux services de proximité appert comme un déterminant important de 

la marche tant au niveau des zones que des SR. Bien que la taille de cet effet soit un 

peu plus grande au niveau des zones, les résultats sont similaires à ceux obtenus en 
utilisant les SR. 

Conclusion: L'approche qui consiste à créer des unités spatiales qui maximisent 

l'homogénéité des expositions s'avère avantageuse pour définir les milieux, car elle 

améliore la qualité des inférences et donc la validité interne du devis de recherche. 

D'autres études sont toutefois requises pour confirmer et mieux documenter l'apport 

de cette nouvelle approche pour définir et opérationnaliser les milieux de vie. 

Mots clés: Effets de milieux, marche, modèles multiniveaux, systèmes d'information 

géographique . 

.. 
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Summary 

Rationale: Although a growing number of studies show significant area effects on 

health outcomes, defining and operationalising areas remain a challenge. A majority 

of studies employ administrative spatial unit, such as census tracts to operationalise 

areas, despite theoretical and empirical issues raised by their use. Moreover, absence 

of homogeneity of exposures in spatial units of analysis can lead to measurement 

errors (misclassification) and to biased estimation (misestimation) of area effects. 

Until now, this important methodological consideration has rarely been addressed. 

Objective: The thesis focuses on addressing the following question: What is the 

contribution of developing and implementing a novel approach to designing spatial 

units for understanding area efficts on health? The approach is based on designing 

areas homogenous in terms of one specific ecologic exposure namely, active living 

potential, which is hypothesised to be associated with walking. 

Methods: The 3206 dissemination areas located on the Island of Montreal, were 

statistically classified into seven optimal categories of exposurebased on similarity in 

terms of active living potential measured by population density, land use mix, and 

geographical accessibility to proximity services. Classifications were then imported 

into a geographical information system resulting in the creation of 898 zones which 

were homogenous in terms of categories of exposure. The value of this approach was 

establish~d by quantifying and comparing the degree of homogeneity of zones and 

census tracts in terms of active' living potential. Then, area effects of active living 

potential on walking behaviours of 2716 adults (aged 45 years and older) were 

examined by comparing results obtained when areas were operationalised by the 

newly-defined zones rather than by census tracts. 

Results: Although census tracts are homogenous with respect to accessibility to 

services, they are heterogeneous in terms of population density and land use mix. 

Furthermore, a majority of census tracts (55.5%) are characterised by a.combination 
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of at least three categories of exposure, thus by environments characterised by 

different levels of active living potential. Validity of census tracts for studying the 

environmental. determinants of walking is therefore limited. Geographical 

accessibility to proximity services appears to be an important determinant of walking 

at both zone and census tract levels. Although effect size is larger atthe zone-Ievel, 

estimates are similar to those observed across census tracts. Nonetheless using area 

units homogenous in exposures increases the internaI validity of the study design and 

therefore improves the soundness of statistical inference. 

Conclusion: An approach that consists ofdesigning spatial units maxlmlsmg 

homogeneity of exposures is advantageous for defining are as as it strengthens 

internaI validity without becoming unwieldy. Replication studies are required to 

further assess the value of the novel method for designing zones relevant in relation 

to other health indicators. 

Keywords: Small-area analysis, residential characteristics, walking, multilevel 

models, geographic information systems. 
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INTRODUCTION 

L'importance des facteurs contextuels des milieux de vie pour la santé est reconnue 

depuis les origines de la tradition hippocratique de la médecine au 5e siècle av. J.-C. 

À travers 1 'histoire de la santé publique, cette reconnaissance s'est maintenue et 

renforcée par les travaux d'éminents protagonistes tels John Graunt (1662), Louis 

René Villermé (1828), Edwin Chadwick (1842) et John Snow (1854) (Rosen, 1993). 

Ce n'est que depuis les années 1990, par contre; que la santé publique connaît une 

expansion considérable de travaux empiriques et théoriques portant sur ,le rôle des 

facteurs environnementaux pour la production et le maintien de la santé. Ces travaux 

s'inscrivent pour la plupart sous la nomenclature « effets de milieux »1 sur la santé, et 

ont pour objectif l'étude des caractéristiques sociales et matérielles des milieux 

résidentiels en tant que facteurs de risque pour la santé (Berkman & Kawachi, 2000; 

Jones & Moon, 1993; Keams, 1993; Keams & Joseph, 1993; Macintyre, McIver, & 

Sooman, 1993). Cet objet de recherche résulte vraisemblablement de la convergence 

de deux tendances importantes. La première relève de l'appréciation des déterminants 

environnementaux de la santé et des multiples processus à travers lesquels ils 

influencent la santé, dont le contexte des milieux résidentiels. La seconde se rapporte 

à l'accessibilité de logiciels conviviaux qui permettent de réaliser des analyses 

statistiques avancées de types multiniveaux et spatiales. 

Dans la formulation des problématiques de recherche en santé publique, les 

conceptualisations du milieu, ou de l' espace2
, sont multiples, chacune évoquant des 

objectifs, des définitions opérationnelles, des mesures et des niveaux d'analyse 

différents. Ces différentes conceptualisations sont illustrées à la Figure 1 et 

expliquées brièvement dans les paragraphes qui suivent. 

1 La terminologie « effets de milieux» est employée tout au long de cette thèse comme traduction de 
« area effects »; « milieu» réfère ainsi à « area » . 
2 Le terme « espace» est utilisé largement en référence à la conceptualisation du milieu. 
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Figure 1. Représentations de l'espace dans la recherche portant sur l'influence des milieux résidentiels sur la santé 

Conceptualisation Objectif Opérationnalisation Mesure des Niveau 
de l'espace de l'espace associations d'analyse 

Unités spatiales Multiniveaux 
Espace 

de convenance > < hié:rarchique 
Espace (unités administratives) Modèles 

d'influence 
intégré multiniveaux Multiniveaux commun 

Unités spatiales avec classification 
optimales croisée 

L'espace Modèles 
Écologique 

Espace Unités spatiales 
contrôlé 

comme variable de convenance spatiaux 
de confusion autOIégressifs Multiniveaux 

hié:rarchiques 
géostatistiques 

Espace Les associations 
Modèles de 

modélisé varient dans 
Unités spatiales régression . 

Écologique de convenance géographiquement 
localement l'espace pondérée 

Zones de proximité 
immédiate (buffer) 

~ Espace 
Influence unique Modèles de 
de l'espace pour Espace d'activités régression Individuel 

idiogyIICratique 
chaque individu classiques 

Perceptions des 
frontières du quartier 
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L'espace intégré renVOIe à la conceptualisation du milieu comme un niveau 

écologique d'influence dans lequel les individus sont imbriqués et exposés aux 

mêmes conditions. L'objectif est de déterminer si les facteurs contextu~ls des 

milieux, par exemple le statut socioéconomique, ont une influence statistiquement 

significative sur la santé des populations locales indépendamment des 

caractéristiques des individus (Ellen, Mijanovich, & Dillman, 2001; Pickett & Pearl, 

2001; Riva, Gauvin, & Barnett, 2007). Par cette approche, le milieu est 

opérationnalisé par des unités spatiales administratives (par exemple les secteurs de 

recensement) ou optimales générées par diverses méthodes spatiales. 

L'agencement spatial des données de santé et d'exposition (variables dépendantes et 

indépendantes) est tel que ces variables sont souvent autocorrélées c.-à-d. qu'elles 

partagent des valeurs similaires en fonction de leur proximité dans l'espace. Or, il est 

possible de tenir compte de cette autocorrélation spatiale dans les analyses 

statistiques. Par cette approche, l'espace est contrôlé; il est conceptualisé comme une 

variable de confusion (Chaix, Leyland, Sabel, Chauvin, Rastam, Kristersson et al., 

2006; Chaix, Merlo, Subramanian, Lynch, & Chauvin, 2005). Les modèles spatiaux 

autorégressifs permettent,d'intégrer l'autocorrélation spatiale des variables au niveau 

de la variable dépendante ou au niveau du terme d'erreur de l'équation de régression 

(Anselin, 1988; Anselin, Florax, & Rey, 2004; Banerjee, Carlin, & Gelfand, 2004). 

L'objectif de cette approche serait, par exemple, de vérifier si le statut 

socioéconomiqu~ du milieu de résidence, ajusté en fonction du statut 

socioéconomique des milieux avoisinants, influence ou non la santé. 

Toutefois, l'autocorrélation spatiale des variables de santé et d'expositions donne lieu 

à un phénomène d'intérêt encore peu étudié en santé publique: la variation spatiale 

des effets de milieux (Anselin, 1988; Bailey & Gatrell, 1995; Fotheringham, 

Brundson, & Charlton, 1996). Il ne s'agit donc pas uniquement de contrôler 

l'autocorrélation spatiale, mais d'examiner l'instabilité spatiale des associations, 

notamment par l'emploi de modèles de régression géographiquement pondérée 

(Geographically weighted regression) (Fotheringham, Brunsdon, & Charlton, 2000, 
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2002). Par cette conceptualisation, l'espace est modélisé localement. Par opposition 

aux modèles de régression classiques, multiniveaux et autorégressifs qui produisent 

une équation prédictive pour l'ensemble de la région d'étude, la régre'ssion 

géographiquement pondérée produit une équation de régression pour chaque unité 

spatiale de la région à l'étude, par exemple pour chaque secteur de recensement 

(Cloutier, Apparicio, & Thouez, 2007; Nakaya, Fotheringham, Brunsdon, & 

Charlton, 2005). Ainsi, on pourrait investiguer si l'association entre le statut 

socioéconomique et la santé varie dans l'espace, car empiriquement, l'association 

peut s'avérer positive dans certains milieux, non significative dans d'autres, voire 

négative ailleurs. 

Les conceptualisations précédentes de l'espace s'inscrivent dans une 'approche plus 

populationnelle dans la mesure où il est postulé que les individus d'un même milieu 

sont exposés aux mêmes facteurs environnementaux. Mais l'espace peut être 

idiosyncratique, c.-à-d. qu'il peut avoir une influence particulière pour chaque 

individu: Dans cette optique, le milieu peut être opératiotmalisé de trois façons pour . 

répondre à trois questions différentes. Le milieu peut être défini par l'environnement 

immédiat autour du liéu de résidence (Chaix et al., 2005~ Frank, Schmid, Sallis, 

Chapman, & Saelens, 2005; Propper, Jones, Bolster, Burgess,' Johnston, & Sarker, 

2005; Wendel-Vos, Schuit, De Niet, Boshuizen, Saris, & Kroinhout, 2004), délimité 

par exemple par une distance de 500 mètres; l'influence du statut socioéconomique 

sur la santé sera examinée dans cette zone de proxiinité. Une deuxième 

opérationnalisation correspond à l'espace vécu par l'individu, c.-à-d. aux divers lieux 

d'activité fréquentés quotidiennement (Takahashi, Wiebe, & Rodriguez, 2001; Wiles, 
, 

.2003); l'influence sur la santé du statut socioéconomique de ces espaces d'activité 

pourrait être examinée. Finalement, l'espace perçu réfère à la perception que les gens 

ont des frontières de leur milieu de résidence et de ses caractéristiques (Coulton, 

Korbin, Chan, & Su, 2001); il s'agirait de déterminer si le statut socioéconomique du 

milieu de résidence, tel qu'il est perçu par les individus, influence la santé. 
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Les différentes conceptualisations de l'espace bien que complémentaires, répondent à 

des questions de recherches différentes. Pour la recherche et l'intervention en santé 

publique et en promotion de la santé, ces conceptualisations contribuent à la 

compréhension de la signification étiologique du milieu pour la santé et mettent 

l'accent sur les caractéristiques des milieux qui sont favorables ou délétères pour la 

santé (Macintyre & Ellaway, 2000). La majorité des études portant sur les effets de 

milieux, et notamment .celles adoptant un devis d'analyse multiniveaux, épouse 

implicitement la conceptualisation de l'espace intégré. C'est sur cette 

conceptualisation de l'espace que la thèse s'est échafaudée et plus spécifiquement Sur 

la problématique de la définition opérationnelle du milieu. Cette conceptualisation est 

privilégiée en raison de la reconnaissance des multiples niveaux écologiques pouvant 

influencer la santé et pour la considération conjointe des facteurs individuels et 

environnementaux dans l'explication des variations de santé. 

L'espace intégré: la problématique de l'opérationnalisation du milieu 

Les milieux résidentiels sont proximaux aux activités de la vie quotidienne. Pour 

cette raison, on présume qu'ils sont susceptibles d'influencer la santé des populations 

locales à travers les possibilités ou les obstructions qu'ils offrent pour l'adop~ion de 

saines habitudes de vie (Curtis & Jones, 1998; Macintyre, Ellaway, & Cummins, 

2002). En continuité avec cette prémisse, de nombreuses études démontrent que, au­

delà des caractéristiques individuelles, les facteurs contextuels des milieux ont une 

influence significative sur la santé des populations locales (Ellen et al., 2001; Pickett 

& Pearl, 2001; Riva et al., 2007). 

Malgré ces résultats,.l'opérationnalisation du milieu est problématique. En effet, alors 

que la fiabilité et la validité des mesures d'expositions écologiques (facteurs 

contextuels) s'améliorent (Cummins, Macintyre, Davidson, &, Ellaway, 2005a; Frank 

et al., 2005; Oakes & Rossi, 2003;Pearce, Witten, & Bartie, 2006; Raudenbush & 

Sampson, 1999), il en est autrement en ce qui a trait à l'opérationnalisation du milieu. 
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En 1993, Jones et Moon observaient que, malgré l'intérêt certain porté au concept de 

milieu de vie: 

« Seldom, however, does location ilself play a real part in the 
analysis; il is the canvas on which events happen but the nature of 
the locality and ils raie in structuring health status and health­
related behaviour is neglected» (Jones and Moon, 1993, p.515). 

Cette critique est toujours d'actualité; dans la inajorité des études, le milieu est 

opérationnalisé par l'entremise d'unités spatiales administratives, tels les secteurs de 

recensement et les territoires de codes postaux, sans égard aux limites que ces 

opérationnalisations soulèvent pour l'étude des problématiques de santé (Coulton et 

al., 2001; Diez-Roux, 2000; Diez Roux, 2001; Gauvin, Robitaille, Riva, McLaren, 

Dassa, & Potvin, 2007; O'Campo, 2003; Pickett & Pearl, 2001; Subramanian, 2004; 

Subramanian, Jones, & Duncan, 2003). Il semble donc y avoir une certaine 

distanciation entre les construits que sont d'une part, le milieu et d'autre part, les 

expositions (ou le contexte). Par analogie, ces entités peuvent être perçues comme le 

contenant et le contenu. Ainsi, l'utilisation d'unités spatiales définies pour des motifs 

autres que pour l'étude des déterminants de la santé revient à traiter le milieu comme 

uri contenant dénaturé d'un contenu bien apparié. Or, il existe un certain 

isomorphisme entre le milieu et son contexte de sorte qu'ils sont indissociables. 

Plusieurs auteurs militent en faveur d'une opérationnalisation du milieu qUI est 

fonction de la notion de « quartier », soit d'un espace localisé géographiquement et 

dont les frontières «naturelles» sont reconnues par les résidents (Coulton et al., 

2001; Ross et al., 2004) et donc ayant une signification «écologique» (Pickett and 

Pearl, 2001). Mais qu'en est-il de la signification « étiologique» du milieu? Les 

frontières des unités spatiales sont-elles cohérentes eu égard au phénomène de santé 

étudié (indicateur de santé et/ou exposition)? Les unités spatiales permettent-elles de 

mesurer sans erreur les facteurs d'exposition et leur influence sur la santé? Soulevées 

par l'opérationnalisation du milieu, ces questions mettent en relief certains enjeux 

théoriques et empiriques. 
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Ainsi, cette thèse de doctorat porte sur la question suivante: Quel est l'apport du 

développement et de l'application d'une approche novatrice pour créer des unités 

spatiales pour la compréhension des effets de milieux sur la santé ? Cette approche 

est fondée sur la création de zones optimales homogènes au niveau d'une exposition 

spécifique associée à un indicateur de santé spécifique. Plus particulièrement, 

l'accent est mis sur le potentiel de vie active. des milieux et les habitudes de marche. 

Structure de la thèse 

Afin de positionner la problématique de l'opérationnalisation du milieu, la thèse 

débute par une recension des écrits portant sur les effets de milieux sur la santé. Cette 

recension est présentée sous forme d'un article intitulé « Toward the next generation 

of research into small area ejJects on health: a synthesis of multilevel investigations 

published since July 1998 »; cet article a été publié dans le Journal of Epidemiology 

and Community Health (Riva et al., 2007). L'objectif de cet article est de déterminer 

l'étendue des résultats de recherche portant sur les déterminants socil:iux et 

environnementaux de la santé et d'identifier les enjeux conceptuels et 

méthodologiques dans la mesure des effets de milieux sur la santé. Au total, 86 

études employant des devis d'analyse multiniveaux ont été examinées; un tableau les 

synthétisant est présenté à l'Annexe 1. La recension des écrits est suivie d'une 

discussion critique sur les enjeux liés à l'opérationnalisation du milieu. Une seconde 

(brève) recension des écrits fournit une synthèse de l'état des connaissances de 

l'influence des milieux résidentiels sur les comportements de marche. 

Pour répondre plus directement à la question principale de la thèse, deux articles 

scientifiques ont été rédigés. Les données, mesures et analyses employées sont 

décrites en détail dans ces articles; pour cette raison, la thèse ne comprend pas de 

chapitre méthodolo~ie proprement dit. Le premier article s'intitule « Establishing the 

soundness of administrative spatial units for operatiànalising the active living 
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potential of residential environments: an exemplar for designing optimal zones» et a 

été accepté pour publication dans le International Journal of Health Geographies. Il 

vise à mettre au point une méthodologie pour créer des unités spatiales optimales, 

homogènes en termes de potentiel de vie active et d'établir la valeur de cette 

approche en quantifiant et comparant les degrés d'homogénéité des nouvelles unités 

. et des secteurs de recensement au niveau du potentiel de vie active des milieux. Le 

second article s'intitule « Studying the influence of area-level active living potential 

on walking: contribution of designing homogenous spatial units » et examme 

l'influence ,des milieux sur la pratique de la marche en comparant les résultats 

obtenus lorsque le milieu est opérationnalisé par les nouvelles unités spatiales plutôt 

que par les secteurs de recensement. Cet article a été soumis à Social Science and 

Medicine. Suivant ces articles, le dernier chapitre de la thèse offre une discussion et 

une prise de position relativement à l'apport du développement et de l'utilisation 

d'unités spatiales homogènes au niveau des expositions pour la compréhension des 

effets de milieux sur la santé. 
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ABSTRACT 

In arder to map out area effects on health research, this scoping study aims: (1) to 

inventory multilevel investigations of area effects on self-rated health, cardiovascular 

diseases and risk factors, and mortality among adults; (2) to de scribe and critically 

discuss methodological approaches employed and results observed; and (3) to 

forinulate selected recommendations for advancing the study of area effects on health. 

Overall, 86 studies were inventoried. Although several innovative methodological 

approaches and analytical designs appeared in the literature, small areas are most 

often operationalised using administrative and statistical spatial units. Most studies 

used indicators of area SES derived from censuses and few provided information on 

the validity and reliability of measures of exposures. One consistent finding is that a 

significant portion of the variation in health is associated with area context 

independently of individual characteristics. Area effects on health, although 

significant in most studies, often depend on the health outcome studied, the measure 

of area exposure used, and the spatial scale at which associations are examined. 
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A brief search of extant literature on area effects on health shows a striking increase 

over the past decade· in the number of studies adopting a multilevel approach to study 

social determinants of health. The impetus for such research likely results froni a 

convergence of conceptual and methodological innovations including an appreciation 

of the importance of the social environment to health and greater accessibility of 

multilevel modelling techniques and software. However, multilevel investigations of 

area effects on health abound with conceptual and methodological challenges which 

have given rise to numerous debates. Debated issues are summarised in Table 1. 

Table 1. Conceptual and methodological issues raised in the literature on area 
effects on health 

Conceptual and 
methodological challenges 
Conceptualising causal 
pathways [2-10] 
Designating the ecologic 
unit of analysis [1, 11-12] 

Defining the spatial 
contours of the ecological 
unit of analysis [1, 5, 8, 
13-15] 

Defining ecologic 
exposures [5,7,13,15,17-
22] 

Controlling for 
individ ual-level variables 
[2,5, 13, 15, 18,23] 

Description 

Absence of fully articulated theoretical frameworks and 
formulation of testable hypotheses. 
Ecologic units of analysis have been referred to as 
neighbourhood, sm ail area, local area, and place. These labels 
have been used interchangeably without concem for 
differences in conceptual and operational definitions even 
though sorne have argued that there are substantive reasons 
for appropriately defining the nature of the ecological unit of 

. analysis. 
Spatial contours of small areas are mostly delimited by 
existing administrative and statistical spatial units. However, 
the se areas may be of limited utility in examining the 
association between area-level exposures and health 
outcomes because they may lack any intrin'sic meaning in 
relation to heaith, they may not correspond to the spatial 
distribution of environmental features (ecologic exposures) 
associated with health, and they may be inconsistent with 
how residents define and experience their residential area. 
Little attention has been devoted to conceptually and 
operationally defining ecologic exposures as researchers have 
tended to aggregate data from individuals to create 
meaningful area variables. 
Lack of consistency in controlling for individual-Ievel 
variables and further lack of consensus on whether individual 
variables should be conceptualised as confounders, 
moderators, or mediators ofthe associations between ecologic 
exposures and hea1th outcomes. 



Power, sam pie size, and 
representativeness 
[5, 13, 15,25] 
Use of multilevel 
modelling techniques [4, 
13, 15, 23-24, 26-28] 

Disentangling context 
from composition 
[7-8,13,18,27,29-34] 

Dearth of longitudinal 
and experimental studies 
[8, 18, 34-35] 

Usual considerations surrounding statistical power and 
sample size have been neglected. 

Appropriate use of multilevel modelling techniques have 
been applied sub-optimally thus limiting novel perspectives 
that might ensue from their judicious application: results are 
mainly reported for fixed effects whereas the potentials of 
discussing conceptual and methodological ramifications of 
random effects have been ignored. 
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Sqme authors argue for disentangling the portion of the 
between area variation in health that is attributable to areas in 
which people live (contextual effect) from the portion 
attributable to individuals' characteristics (compositional 
effect) whereas others argued that this is a "false" issue as 
context and composition are inextricably intertwined. 
Few studies have relied on research designs other than cross­
sectional. This limits ascertaining the duration and timing of 
ecologic exposures, addressing selection bias, and ascribing 
causality. Furthermore, as people, areas, and the relationship 
between the two may change over time, using longitudinal 
designs is of accrued importance. 

In a previous reVlew of social determinants studies examining effects of area 

socioeconomic status (SES) on health, 23 studies out of 25 reported significant 

associations between at least one measure of area SES and health, while controlling 

for individual SES.[l] The authors concluded that data supported the existence of 

modest small area effects on health but that extant data were replete with 

methodological problems. More specifically, they stated that "it is clear from our 

review that investigations of the role of neighbourhood-Ievel [small area] social 

factors on health are characteristics of preliminary, exploratory studies in 

epidemiology. Certain aspects of study design are in need of improvement before the 

field can advance [ ... ] We hope that this review will show what has already been 

achieved and point the way to more sophisticated studies of societal determinants of 

health" (pp.120-121). 

In an effort to map out multilevel research on social determinants of health, to 

identify the types of evidence available, and to gauge whether or not "more 

sophisticated studies" are being conducted, we undertook a scoping study of research 

of area effects on health published between July 1998 and December 2005. Unlike 
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the more familiar systematic review, a scoping study addresses broad research topics 

where many different study designs are applied with the aim of comprehensively 

examining the extent, range, and nature of resèarch activity and to identifykey 

concepts and results.[36-37] 

Given the broad diversity of studies, we restricted the scoping review to multilevel 

investigations of area effects on self-rated health (SRH), cardiovascular disease 

(CVD) and risk factors, and mortality among adults. These health indicators were 

selected because of their relevance to understanding the broader socio-spatial 

patteming of health. SRH is a highly predictive measure of morbidity and mortality, 

independent of other medical, behavioural, and/or psychosocial factors,[38] and CVD 

is one of the leading causes of mortality in developed countries. 

We further restricted study selection to multilevel investigations allowing for 

estimation of between area variation (random effects). As pointed out by Merlo and 

colleagues,[24] "clustering of individual health within neighbourhoods [areas] is not 

a statistical nuisance that only needs to be considered for obtaining correct statistical 

estimations, but a key concept in social epidemiology that yields important 

information by itself (p. 443). Measures of variation, as they inform on the portion of 

health differences among people that may be attributable to the areas in which they 

live, are central to understand the significance of specific contexts for health. [24] 

In keeping with the framework for conducting a scoping study proposed by Arksey 

and O'Malley,[36] the specific objectives of the scoping study were to: (1) inventory 

multilevel investigations of area effects on SRH, CVD and risk factors, and 

mortality; (2) describe and critically discuss methodological approaches employed 

and results observed; and (3) formulate selected recommendations for advancing the 

study of area effects on health. 
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METHODS FOR J'HE SCOPING STUDY 

The scoping study involved several steps. First, identification of studies published 

between July 1998 and December 2005 ensued from a comprehensive search strategy 

using the Medline database. We first used "neighbourhoodlneighbourhood or area" 

and "multilevel/multi-Ievel or hierarchical" as words in the title or abstract of 

articles; this search yielded 634 entries. Inclusion criteria for studies were: 

publication in English-Ianguage peer-reviewed joumals, data from adult populations 

in industrialised countries, use of a multilevel design with at least two units of 

analysis including individuals and areas, and measurement and analysis of health 

indicators at the individual level. Studies exploring between-country variation in 

health were excluded, though areas operationalised by sub-regions of a country; e.g. 

states, were included . .of the 634 studies, 67 meet the inclusion criteria. 

We conducted additional searches using "contextual effects, place effects, census 

tracts, and community" as words in title or abstract, and "residence characteristics 

and small area analysis" as Medical Subject Headings (MeSH), again limiting the 

search to studies referring to multilevel methods in their title or abstract. Three 

additional studies were ideI?-tified. References lists of all studies compiled and of 

other sources were reviewed, yielding an additional 16 studies. In all, eighty-six 
" 

studies meeting inclusion criteria were retained. In two studies, authors reported 

findings for both self-rated health and CVD risk factors; these studies appear in both 

categories.[39-40] Overall the sample of the scoping study comprised 88 multilevel 

investigations of area effects on health . 

In the second step, studies were coded by one author (MR) along the following 

dimensions: 1) citation and study location, 2) health indicator/analytic variable, 3) 

research design, year of data collection for individual sample, 4) individual sample 

size and sex/age distribution, 5) individual characteristics adjusted for, 6) area sample 

size and operational definition, 7) area-Ievel exposures, 8) crude between area 

variation, 9) adjusted between area variation (for individual-Ievel variables), and 10) 
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, summary of significant findings of adjusted area effects. The twQ. other authors (LG 

and TAB) cross-validated half of the studies. Coding scheme and abbreviations are 

summarised in Table 23
. 

In the third step, in order to gauge the accuracy of data compiled, we established 

inter-author agreement in a random sample of about 25% of studies (n=21) where the 

co ding ofone of the authors (MR) was compared to that of another author (TAB) for 

all co ding dimensions, except "citation/location" and "summary findings of area 

effects". For every dimension, each source of information was equated with one 

observation. Discrepancies in values reported were considered a disagreement. 

Overall inter-author agreement was 92.0% (43 disagreements out of 513 

observations), with agreement ranging between 81.0% and 100% across dimensions. 

Finally, summary statistics were compiled using the total sample of investigations 

(n=88) as the unit of analysis. 

RESULTS 

Results of study coding appear in Table 33
. Studies are listed alphabetically by 

sumame of first author within each category of health indicator, i.e., self-rated health 

(n=39), cardiovascular morbidity and risk factors (n=32), and mortality (n=17). Table 

4 presents summary statistics for research design, operational definition of area 

contours, and exposure as a function of health indicator and time period. 

Year of publication and, location of studies 

There' has been a marked increase in the number of studies published on area effects 

on self-rated health, CVD and risk factors, and mortality over the 1998-2005 time 

period, which almost doubled from 2004 to 2005 (Figure 1). Most results are from 

area effects examined in the United States (n=37) and the United Kingdom (n=14), 

3 Les tableaux 2 et 3 se trouvent à l'Annexe 1 
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although several studies involved data collected in Canada (n=lO), the Netherlands 

(n=8), and Sweden (n=8). 

Figure 1. Trends in publication of multilevel investigations of area effects on 
self-rated health, cardiovascular morbidity and risk factors, and mortality 

30,---------------------------------------------------, 

25 ~ Self-rated health 

-+- Cardiovascular morbidity an risk factors 

_____ Mortality 

_Total 

o 15 +-------------------------------~~----~_4--------~ ... 
CI) 
.c 
E 
~ 10 +-------------------------~~-------------------~.--~ z 

5 ~-------------~~-------~--------_=~ 

O+------r----~~~~r_----~----_r----~------~----~ 

1998 1999 2000 2001 2002 2003 2004 2005 

Year of publication 

Research design and analytical variables 

As shown in Table 4, a majority of studies (80.7%) had cross-sectional designs, 

whereas others adopted longitudinal designs (17.0%) wherein a majority of studies 

involved data from a cohort that were matched withvitaI- statistics record to examine 

associations with mortality and CVD at a later time (designated as follow-up in Table 

3). Linear multilevel models for continuous and logistic multilevel models for 

dichotomous outcomes were the most commonly used statistical models, although 

sorne analyses were performed on models for ordinal outcomes.[45, 48, 57, 64, 67, 

76] 
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Table 4. Summary statistics for research design and operation al definition of area contours and exposure as a function of health 
indicator and time period 

Self-rated health 
Cardiovascular morbidity and risk 

Mortality TOTAL 
factors 

Coding 1998-2002 2003-2005 1998-2005 1998-2002. 2003-2005 1998-2005 1998-2002 2003-2005 1998-2005 1998-2005 
dimensions n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) 
Design 
Cross-sectional 16 (41.0) 23 (59.0) 39 (100.0) 10 (31.3) 17(53.1) 27 (84.4) 2 (11.8) 3(17.6) 5 (29.4) 71 (80.7) 
Longitudinal 0(0.0) 0(0.0) 0(0.0) 1 (3.1) 3 (9.4) 4 (12.5) 3 (17.6) 8 (47.1) Il (64.7) 15 (17.0) 
Case-Control 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1 (3.1) 1 (3.1) 0(0.0) 1 (5.9) 1 (5.9) 2 (2.3) 
Total 16 (41.0} 23 (59.0} 39 {100.0} Il (34.4} 21 (65.6} 32 (100.0} 5 (29.4} 12 {70.6} 17 (100.0} 88 (100.0} 
Area definition 
Administrative/ 
statistical 14 (35.9) 19 (48.7) 33 (84.6) Il (34.4) 20 (62.5) 31 (96.9) 5 (29.4) 10 (58.8) 15 (88.2) 79 (89.8) 
Other 2 (5.1) 4 (10.3) 6 (15.4) 0(0.0) 1 (3.1) 1 (3.1) 0(0.0) 2 (11.8) 2 (11.8) 9 (10.2) 
Total 16 (41.0) 23 (59.0) 39 (100.0) Il (34.4} 21 (65.6) 32 (100.0) 5 (29.4} 12 (70.6) 17 (100.0) 88 (100.0) 
Area exposures 
Derived 15 (26,3) 20(35,1) 35 (89.7) 8 (21.1) 17(44.7) '25 (78.1) 5 (22.7) 12 (54.5) 17 (100.0) 77 (87.5) 
Integral 5 (8,8) 13 (22,8) 18 (46.2) 3 (7.9) 8 (29.6) Il (34.4) 2 (9.1) 3 (13.6) 5 (29.4) 34 (38.6) 
None 1 (1,8) 3 (5,3) 4 (10.3) 0(0.0) 2 (5.3) 2 (6.3) 0(0.0) 0(0.0) 0(0.0) 6 (6.8) 
Total* 21 (36,8) 36 (63,2) 39 (100.0) Il (28.9) 27 (70.1) 32 (100.0} 7 (31.8) 15 (68.1) 17 (100.0) 88 (100.0) 
*Percentages do not add up to 100% because sorne studies used both derived and integral rneasures of area exposures 
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Individual data: Sam pie size and variables 

Sample size of individuals ranged between 577 [92] and 2 637 628,[ 10 1] with a 

median of 8 606 individuals. Sixteen percent of studies had a sample size over 

100000 individuals, but the majority of studies (61%) had a sample size under 

10000. 

Most studies controlled for age, gender, SES, and marital status, but sorne controlled 

for other individual characteristics such as health-related behaviours, ,medical 

conditions, perception of area characteristics, social network, and years of residency 

in area. Seven studies did not control for individual socioeconomic status.[56, 103-

104, 112, 116, 121, 124] Most studies targeted general populations, but sorne 

restricted their focus to men, [96, 188] oIder adults, [64, 88, 92] and racial/ethnic 

groups.[54-55, 59, 80, 83, 95] 

Area data: Operational definition, sam pie size, and exposures 

As shown in Table 4, the majority of studies (89.8%) operationalised areas using 

statistical (e.g. cens us tracts) and/or administrative spatial units (e.g. city-defined 

neighbourhoods, boroughs, local authorities). One study delimited areas using 

geographical information systems,[107] and others clustered statistical/administrative 

spatial units based on similarities in terms of socioeconomic status, demographic 

composition, and type of area.[41 , 45-48, 76, 110, 116] Most studies had a two-Ievel 

structure, with individuals nested within areas, though sorne had more complex 

structures, including cross-classification,[l10] and three-Ievel structures e.g., 

individuals nested within households within area(s) [63] or individuals nested within 

several hierarchically structured area units.[39, 44,58,85,111, 119, 121] 

Six studies did not report area-Ievel sample size. Among studies for which data were 

reported, sample size ranged from 9 [56] to 12 344 areas.[111] Average within-area 

sample size ranged from 1 [100] to 36387 individuals.[117] Half of the studies 
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(52.4%) had an average within area sample size of 50 individuals; for 10% of the 

studies, the within area sample size was less than 5 individuals. 

Area-Ievel ·indicators of socioeconomic status such as deprivation, education, and 

unemployment, were generally aggregates of individual-Ievel variables derived from 

censuses and survey data. Others derived measures of area social context (e.g. social 

cohesion, social capital) by aggregating individuals' perceptions or by application of 

ecometric procedures. [45-46, 48] Over a third of studies (38.6%) operationalised area 

exposures using integral measures, i.e. features of areas only measurable at an 

ecologicallevel (Table 4). The most commonly used integral measure was income 

inequality, but other studies re1ied on characteristics of the social and built 

environment, [e.g. 50, 67, 75, 92, 112] urban sprawl,[87] and availability of services 

and parks.[e.g. 81, 88, 92, 95, 106-107] 

Summary of findings about area effects 

Among 47 studies that reported on between area variation after adjusting for 

individual characteristics (minimally age, . sex, and SES), twenty­

seven (57.4%) studies reported significant between area variation for at least one 

subgroup (defined either by individual or area-Ievel characteristics). Although 

several studies report one or the other, several studies did not report variance 

components for both unadjusted and adjusted models. 

Of the 88 studies, six focussed on between area variation in health only [56, 60, 63, 

73, 89, 94] and 82 studies examined main area effects. Of these studies, six did not 

report significant direct area effects on health.[51, 75, 93, 96, 120, 122] AU other 

studies reported significant associations bètween at least one measure of area 

exposure and at least one health indicator. Significant cross-Ieve1 interactions were 

observed, indicating that subgr~ups of individuals may be differentially influenced by 

certain area characteristics, and by interacting area characteristics~ More specificaUy,· 
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effects of area deprivation on poor health, unhealthy behaviours, and risk of mortality 

were often greater among low SES individuals and among women. 

Self-Rated Health 

Thirty-nine studies examined area effects on self-rated health. Four studies focussed 

on between area variation only, and 35 were cross-sectional investigations of 

associations between area SES and SRH. In aIl but two studies, [51, 75] significant 

associations were observed between at least one measure of area SES and SRH. More 

specifically, less favourable area socioeconomic conditions were associated with 

poorer SRH. Area affluence, positive perceptions of area environment, and higher 

area levels of collective efficacy and social capital were predictive of better SRH, 

although area residential stability was associated with poorer health.[46, 48] One 

study reported associations between. poor SRH and unfavourable area-level 

opportunity structures and social functioning, such as poor physical quality of 

residential environment, lower political engagement, and lower transport wealth.[50] 

Several studies reported significant effects of social processes, characteristics of the 

built environment, and perceptions of area characteristics as potential mediating 

pathways of the association between area deprivationlinequality and SRH. [46, 48, 51, 

53, 76] 

Cardiovascular morbidity and risk factors 

Thirty-two studies were investigations of CVD and risk factors, of which two 

examined between area variation only.[89, 94] Sorne studies employed follow-up 

[96, 101-102] and case-control research designs,[99] but most were cross-sectional. 

Twenty-three studies examined direct main effect of area deprivation on CVD and 

risk factors. In aIl studies, at least one me as ure of area deprivation was associated 

with greater risk for CVD and with at least one, but not aIl, of the risk factors 

investigated. In general, greater levels of area deprivation and inequa1ity were 
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associated with greater likelihood of unhealthy dietary habits, smoking, overweight 

and obesity, and physical inactivity. However, positive associations between 

affluence and smoking and drinking behaviours were also observed,[78-79, 104] and 

in one study, greater state inequality was associated with lower body mass index 

among white women.[80] Greater likelihood of walking was observed in more 

. deprived areas,[88, 106] but also in more socially cohesive areas.[88] 

In studies where area exposures were operationalised with integral variables, results 

showed that in less sprawling areas, risk of being overweight or obese was lower and 

levels of walking were higher. [87] Involvement in physical activity and walking was 

more likely in areas characterised by greater availability, accessibility, and density of 

se1ected services and green spaces. [87 -88, 92, 106, 107] Dietary habits were 

associated with the presence of supermarkets and full-service restaurants in the 

area,[95] and greater mean distance to alcohol outlets was associated with lower 

alcohol consumption. [98] High convenience store density and lower distance to 

convenience store were associated with smoking, although this association was not 

significant in models controlling for area SES.[81] 

Mortality 

Seventeen studiesexamined area effects on mortality, most of which reported results 

from matching of cohort data with vital statistics. 

In all but two studies,[120, 122] results showed that at least one measure ofarea SES 

was associated with alI-cause and cause-specific mortality, such that greater area 

deprivation and income inequality were significa~tly associated with greater risk of 

mortality. When adjusting for area SES, greater area religious affiliation was 

associated with lower risk of alI-cause mortality,[113] and areas with higher social 

capital were associated with lower risk of alI-cause mortality and mortality from 

heart disease,[116] while lower leve1s of social cohesion were associated with higher 
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risk of all-cause mortality.[118] Area SES ~onfounded the association between air 

pollution and all-cause and cause-specific mortality.[115] 

DISCUSSION 

Results of the scoping study showed that the typical methodological approach for 

multilevel investigations of area effects remains a cross-sectional two-Ievel study 

wherein individuals are nested within areas delimited byadministrative/statistical 

spatial units, area-Ievel indicators are operationalised using aggregates of individual 

variables, and direct associations between area exposures and individual-Ievel 

outcomes are adjusted for selected individual characteristics. A number of large 

datasets produced several publications, and it should be noted that findings 

emanating from the same dataset c1early are not independent. 

Over reliance on cross-sectional research designs raises the critical issue of "self­

selection", i.e. the fact that people will be selected into residential areas based on 

individual attributes which are themselves related to health.[2] To deal with this 

issue, one frequently-used strategy consists of controlling for individual-Ievel 

variables that are potential confounders of associations between area characteristics 

and health outcomes. Although useful, this modelling strategy does not overcome 

problems associated with misspecification resulting from omitted or mismeàsured 

individual-Ievel variables, or with lack of statistical power. Addressing these 

methodological issues rests on crafting longitudinal studies, assessing individual 

characteristics over the life course, and endeavouring to study cross-Ievel interactions 

and mediating pathways. In this regard, several authors have underscored the value of 

innovative methodological approaches. [125] 

In multilevel studies, there are at least two units of analysis, individuals and areas. 

Yet, the attention that is usually devoted to measuring individual attributes is 

infrequently carried over to areas. For example, in six studies, area sample size was 

not reported, and most studies provided little information on the validity and 
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reliability of area-Ievel measures of exposures. When measunng exposure, most 

studies relied on indicators of area SES derived from censuses and other surveys. 

Although easily accessible, Such measures provide only truncated information about 

the context of are as , [7, 17] and may in fact be endogenous to the composition of the 

are as as they are determined by individual characteristics of residents.[2, 35] To this 

end, sorne studies have tapped into measuring area exposures by means of ecometric 

procedures.[20, 23, 45-46, 48] 

Most studies employed administrative and/or statistical spatial units to define area 

contours despite recognised limitations, i.e. their potential lack of intrinsic meaning 

in relation to health. [1, 5, 8, 13-15] Such limitations are evidenced by variations in 

the strength and magnitude of area effects on health according to the operational 

definition of areas.[44, 58, 65, 111] We view as particularly innovative recent 

initiatives to define area contours by delimiting a radius around individual residential 

location and postcodes. [107, 126-127] 

Between area variation was reported usmg a variety of statistical parameters 

including variance components and standard error coefficients, intraclass correlation 

coefficients for continuo us and dichotomous outcomes, plausible value ranges, and 

others, which precludes comparisons across studies. Furthermore, several studies did 

not report variance components for either unadjusted or adjusted models. This is 

unfortunate given the importance of measures of variation for understanding the 

socio-spatial patteming of health. There is clearly a need fbr more detailed and 

consistent reporting ofbetween area variation. [24] 

Power estimation in multilevel studies is complicated- by the need to account for the 

nested structure of the data.[128] Only one study reported power calculations.[91] 

Routine reporting of a priori power estimates and post hoc effect-size calculations is 
) 

warranted in multilevel studies. 
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Although significant area effects were reported in a rnajority of studies critical 

examination of findings revealed inconsistencies within and across studies. For 

example, one study exarnined associations between area deprivation and SRH for 

different operational definitions of area; significant area effects were observed for 

one type of area only.[65] Others have exarnined effects of area deprivation on 

several CVD risk factors, but observed significant effects only for sorne of thern.[78, 

83] Within individual studies, associations between health and several indicators of 

area SES were frequently investigated. Although there is probably rnulticolinearity 

between rneasures of area exposures, [e.g. 44, 81, 119, 124] often only certain 

indicators were significantly associated with the health outcorne. This suggests that 

indicators of area SES such as average incorne, educational attainment, and incorne 

inequality rnay be tapping into different aspects of the social environment and rnay be 

differently associated with specific health outcornes. In addition, a few studies 

reported no significant area effects. Of concem, findings of the scoping study show 

that area effects on a specific health indicator rnay be dependent of the rneasure of 

area exposure and the spatiallevel (area unit) at which associations are investigated. 

This clearly underscores the importance of conceptualising plausible causal pathways 

in the search for new knowledge. 

The diversity in research designs ernployed and reported results calls attention to the 

need to rnove toward a set of reporting guidelines for rnultilevel investigations of area 

effects on health. This could include, but not be exclusive to 1) greater details 

accorded to the description of the nested structure of the database with systernatic 

reporting of sarnple size at both individual and area levels, and a more explicit 

discussion of the validity and reliability of area-level rneasures of exposures; 2) 

description of the analytical strategy in such a way that would allow replication of 

analyses; and 3) better description of the between cluster variation in health 

outcornes, both in unadjusted and adjusted rnodels for individual characteristics.[24] 
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Limitations 

The main limitation of our scoping study pertains to inclusion criteria for studies. A 

first issue concerns keyword and Medical Subject Heading (MeSH) searches in the 

Medline database. Because the area of research emerged only recently, keywords 

listed by authors do not necessarily correspond to keywords used for searching the 

literature in the MeSH system. Rather, when searching for "neighbourhood" and 

"area" MeSH uses the terms "residence characteristics" and "small area analysis". 

Thus if these MeSH terms were not used to classify an article, and if the selected 

keyword, i.e. "neighbourhood", "area", "multilevel", and "hierarchical" were not 

specified either ·in the title or the abstract of an article, then it would not have been 

identified. To overcome this problem, more encompassing terms were used and 

references lists of aIl identified articles were reviewed to identify studies. 

Nonetheless, we acknowledge that sorne studies may not have been identified with 

our se arch strategy. 

A second limitation pertains to the exclusion of the literature on area effects on 

mental health, non-CVD morbidity, paediatric populations, maternaI health, and 

health services utilisation. Several of these studies have used innovative 

methodological approaches and analytical procedures, which could provide the reader 

with other perspectives on area effects on health.[126-127, 129-130] It seems 

relevant to undertake a review of these studies as weIl· to as certain similaritiesand 

differences in the range and types of investigations conducted. 

CONCLUSION 

Results of the scoping study critically raise several issues. One issue pertains to 

whether or not "true" area effects are concealed by less than adequate methodologies. 

This may indeed be the case. Several studies showed significant between area 

variation and area effects independently of individual characteristics. These are quite 

considerable findings given that most studies suffered from methodological 
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limitations and lack of precision when. operationali,sing and measurmg context. 

Significant results garnered with such measurement error probably underestimate 

effect sizes. 

In recent years, increased attention has been directed towards formulating and testing 

theoretically based pathways between more specific area-Ievel measures of exposures 

and more specific health indicators, such as the effect of the density of food stores on 

dietary habits, or the effect of urban form on physical activity involvement. These 

measures of area exposures may be more proximal to influence everyday health­

related behaviours, and thus operating on the pathways between area SES and . 

broader health outcomes. 

A second issue is whether or not widely used methodologies for studying areas and 

health are well-suited to the task. Multilevel modelling, without being a panacea, is a 

suitable statistical procedure that can be us~d to analyse data with nested sources of 

variability, while accounting for the non independence ofwithin cluster observations, 

i.e. addressing the non-random processes situating people with similar characteristics 

into certain type of areas.[25] As operationalisation of area contours essentially falls 

back on using readily available spatial units such as census tracts, space is 

fragmented into seemingly independent area units, therefore ignoring spatial 

associations between areas. As pointed out by Chaix and colleagues [126] multilevel 

modelling procedures are based on the assumption that spatial correlation can be 

reduced to within-area correlation. For this reason, multilevel approaches may 
\, 

provide only limited information on the spatial distribution of health outcomes and 

ecological exposures, both when modelling variations and investigating 

associations. [126] Further debates underscore limitations of multilevel models m 

detecting causal effects of area exposures on health outcomes. [2, 15, 35, 131]. 

Another issue relates to the most promising approaches in this area of research. In 

recent years, didactical and conceptual tutorials linking social epidemiological 

concepts to multilevel analysis have been published.[24, 26, 28, 132] Innovative 

• 
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methodological approaches and analytical procedures have been applied to examine 

area effects on health, such as geographical information systems used to 

operationalise area contours and ecological exposures,[107, 126, 127] development 

of measurement technology, e.g. ecometrics,[20, 22, 45-46, 48] geostatistical 

modelling and spatial analysis,[47, 115, 126, 133,] multilevel path analyses,[92] and 

multilevel structural equation modelling to test potential mediating pathways between 

area exposures and health outcomes.[53, 88] Others have underscored the value of 

developing experimental research designs such as randomised community trials,[35] 

and natural [134] and social experiments.[135] 

What seems to emerge from the accumulating evidence on area effects on health is a 

"specific" research agenda. As argued by other authors,[17, 133, 136] we espouse the 

view that the adoption of a specific research approach to examine area effects on 

health, i.e. one that would conceptualise, operàtionalise, and measure associations 

between specific health outcomes and specific area exposures, across' specific spatial 

area units may yield more infomiative 'evidence of area effects. Adopting a specific 

approach shows the greatest promise for advancing theoretically-based pathways, 

providing a basis for 'more precise definitions and measures of ecological exposures, 

and improved delimitations of area contours. 

,. 
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Wbat is already known 

A significant portion of the variation in health lS associated with area context 

independently of individual characteristics. 

Wbat tbis paper adds 

This paper is a scoping study of 86 multilevel investigations of area effects on self­

rated health, cardiovascular morbidity and risk factors, and mo~ality among adults. 

Area effects on health, although significant in most studies, often depend on the 

health outcome studied, the measure of area exposure used, and the spatial scale at 

which associations are examined. This highlights the importance conceptualising 

causal pathways linking area context to health outcomes and devising appropriate 

methodological strategies in future res~arch. 

Policy implications 

Various health outcomes are influenced by area context although the specific 

processes through which such influences occur remain unclear. The implementation 

and evaluation of policyinterventions aimed at changing area exposures represerits 

an opportunity to fill this knowledge gap. 
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Opérationnaliser le milieu: défis théoriques et empiriques 

Tel qu'il a été démontré par les résultats des études multiniveaux recensées, une 

portion significative de la variation de la santé peut être attribuée aux facteurs 

contextuels des milieux résidentiels (Riva et al., 2007).4 Or, certaines études 

indiquent que la force et la taille des effets de milieux sur la santé varient en fonction 

de la définition opérationnelle des milieux (Blakely, Lochner, & Kawachi, 2002; 

Cockings & Martin, 2005; Franzini & Spears, 2003; Hou & Myles, 2005; Krieger, 

Chen, Waterman, Soobader, Subramanian, & Carson, 2002; Reijneveld, Verheij, & 

de Bakker, 2000) et en fonction de la mesure des facteurs contextuels (Chaix & 

Chauvin, 2003; Chaix, Guilbert, & Chauvin, 2004; Chuang, Cubbin, Ahn, & 

Witikleby, 2005; van Lenthe, Brug, & Mackenbach, 2005). Ces résultats illustrent 

que différentes échelles ou unités spatiales peuvent être pertinentes pour différentes 

expositions écologiques et différents indicateurs de santé (Daniel, Moore, & Kestens, 

2008; Diez Roux, 2001). Bien que certains auteurs aient développé de nouvelles 

approches pour conceptualiser et opérationnaliser le milieu (Cockings & Martin, 

2005; Frohlich, Potvin, Chabot, & Corin, 2002; Haynes, Daras, Reading, & Jones, 

2007; Popay, Thomas, Williams, Bennett, Gattrell, & Bostock, 2003), leur 

application demeure limitée par rapport aux études qui opérationnalisent le milieu à 

travers les unités spatiales administratives. Dans le cadre de la recension des études 

multiniveaux (Riva et al., 2007), l'on constate que près de 90% des 86 études 

,répertoriées ont employé de telles unités géographiques, dont les plus fréquentes sont 

les secteurs de recensement, les districts électoraux (dits « wards »), les territoires de 

codes postaux et des quartiers définis par une administration municipale. 

L'utilité première de ces unitës spatiales de « convenance» réside dans la facilité de 

les lier à des bases de données produites par les recensements ou autres enquêtes 

populationnelles afin de caractériser les populations qui vivent dans ces milieux. 

4 Bien entendu, ces résultats doivent être interprétés sous réserve, en raison de biais de publication 
possible, c.-à-d. la publication d'études rapportant des effets de milieux sur la santé qui sont 
statistiquement significatifs. 
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Aussi, pUIsque ces unités spatiales sont créées pour être homogènes selon des 

dimensions socioéconomiques, notamment les secteurs de recensementS, elles 

apparaissent appropriées pour opérationnaliser ces dimensions (Ross, Tremblay, & 

Graham, 2004). En contrepartie, les unités spatiales de «convenance» peuvent 

s'avérer hétérogènes en lien avec d'autres facteurs contextuels que l'on veut étudier 

en relation avec la santé, tels la convivialité de l'environnement pour la pratique 

d'activité physique, l'accès aux services de santé, etc.; ces facteurs peuvent opérer à 

des échelles spatiales différentes de celles auxquelles opèrent les facteurs 

socioéconomiques. 

Pour comprendre la signification du milieu pour la santé, il importe 

d' opérationnaliser des unités spatiales appropriées pour étudier les déterminants 

sociaux et environnementaux de la santé, c.-à-d. des unités cohérentes avec les 

objectifs spécifiques d'une étude soit au niveau des indicateurs de santé, des 

expositions ou de l'association entre exposition et santé (Chaix et al., 2006; Cummins 

et al., 2005a; Galea & Ahern, 2006; Gauvin et al., 2007). Qui plus est, .la définition 

opérationnelle du milieu soulève des enjeux conceptuels et méthodologiques pouvant 

potentiellement limiter les validités de construit et interne des devis de recherche. 

Enjeux de validité 

La validité de construit consiste à déterminer si l'instrument de mesure 

opérationnalise le concept d'intérêt. Dans la recherche sur les effets de milieux sur la 

santé, la validité de construit est fonction de 1) la délimitation des unités spatiales, C.­

à-do si les unités spatiales sont appropriées pour étudier l'association entre une 

exposition et un indicateur de santé donné, et 2) la mesure de l'exposition, C.-à-d. si 

les données permettent l'opérationnalisation appropriée des variables d'exposition. 

L'absence de correspondance entre la distribution spatiale des variables d'exposition 

5 Cela peut ne pas être le cas pour d'autres unités administratives, comme les régions de tr,i 
d'acheminement (territoires de codes postaux canadiens) qui sont créées pour des raisons 
d'acheminement de courrier, et qui peuvent être hétérogènes' au niveau de la composition de la 
population, 
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et la configuration des unités spatiales utilisées pour opérationnaliser les milieux peut 

donner lieu à des biais de mesure (ou de classification) des expositions et 

d'estimation des associations, et donc limiter la validité interne du devis de recherche 

(Osypuk & Galea, 2007). 

La validité interne réfère aux caractéristiques du devis qui permettent d'inférer des 

associations non biaisées, donc d'obtenir une estimation fiable des effets de milieux 

sur la santé. Une mauvaise définition du milieu peut diminuer la validité interne d'un 

devis en raison d'erreurs de mesure ou de classification (non-différentielle) des 

expositions. Une des caractéristiques des variables spatiales est une tendance à 

l'autocorrélation, c.-à-d. que les milieux partagent des facteurs contextuels similaires 

en fonction de leur proximité dans l'espace (Cliff & Ord, 1973). En utilisant des 

unités spatiales qui ne tiennent pas compte de l' autocorrélation spatiale des 

expositions, on adopte implicitement la prémisse que l'influence sur la santé des 

facteurs contextuels d'un milieu est différente et s'opère indépendamment des 

conditions des milieux avoisinants (Coulton et al., 2001; Cummins, Curtis, Diez­

Roux, & Macintyre, 2007; Diez-Roux, 2000; O'Campo, 2003; Pickett & Pearl, 2001; 

Riva et al., 2007; Subramanian et al., 2003). Ainsi, par l'autocorrélation spatiale des 

variables d'exposition, l'influence positive ou négative du milieu sur la santé peut 

être façonnée par le contexte des milieux voisins (Cummins et al., 2007). 

De plus, une des conditions préalables pour détecter des effets de milieux, est une 

variation des expositions (Rothman & Greenland, 1998). Or, il se peut que cette 

variation soit « lissée» par la définition même du milieu. Par exemple, si des unités 

spatiales sont caractérisées par des populations qui sont à la fois plus nanties et 

d'autres qui le sont moins, la valeur « moyenne» du statut socioéconomique d'un 

milieu ne correspondra pas au « vrai» statut socioéconomique du milieu qui lui est 

hétérogène. L'homogénéité interne d'un milieu en termes d'exposition est donc 

requise pour minimiser les erreurs de mesure. De même, pour formuler avec justesse 

des inférences relativement aux effets de milieux, les différences entre les milieux 

doivent être maximisées: si les données sont agrégées dans des milieux contigus 



46 

mais hétérogènes, l'estimation de la variation des expositions et des indicateurs de 

santé et leur. association peuvent s'avérer erronée (misclassification et misestimation 

respectivement). D'ailleurs, plus les milieux sont homogènes, plus la puissance 

statistique se voit augmenter. Cette puissance est liée à la plausibilité dë détecter des 

effets. En ce sens, des effets de milieux plus importants ont été observés lorsque les 

unités spatiales sont plus homogènes (Haynes et al., 2007; Haynes & Gale, 1999). 

L'opérationnalisation des unités spatiales est d'autant plus importante lorsqu'est 

considérée la problématique des unités géographiques modifiables, soit la sensibilité 

des résultats d'analyses à la définition opérationnelle de l'unité spatiale à laquelle les 

données sont agrégées (Openshaw, 1984; Openshaw & Taylor, 1979). En autres 

mots, les effets de milieux peuvent être observés à certaines échelles, aux échelles 

auxquelles les données sont colligées et agrégées, et être absents ou varier s'ils sont 

mesurés à d'autres échelles (Cockings & Martin, 2005; Franzini & Spears, 2003; 

Krieger et al., 2002; Oliver & Hayes, 2007; Reijneveld et al., 2000). Imposer des 

unités spatiales administratives, et possiblement arbitraires, sur des variables 

d'exposition autocorrélées dans l'espace peut conduire à la délimitation de patrons 

spatiaux artificiels ainsi qu'à une classification erronée des expositions 

(misclassification ). 

Dans cette optique, la création d'unités spatiales qui maximisent l'homogénéité des 

expositions appert comme une des stratégies pour contrer la problématique des unités 

géographiques modifiables (Cockings & Martin, 2005; Haynes et al., 2007; Haynes, 

Jones, Reading, Daras, & Emond, 2008; Openshaw, 1977; Open shaw, 1984; 

Openshaw, 1996). Pour ce faire, diverses approches peuvent être appliquées dont le 

groupement discursif, voire manuel, d'unités spatiales de base (building blocks) 

(Reading, Langford, Haynes, & Lovett, 1999; The Project on Human Development in 

Chicago Neighborhoods http://www.icpsr.umich.edu/Phdcn),. la combinaison de 

méthodes statistiques et d'analyses spatiales (Law, Wilson, Eyles, Elliott, Jerrett, 

Moffat et al., 2005; Tatalovich,Wilson, Milam, Jerrett, & McConnell, 2006) ou 

l'utilisation de logiciels spécialisés de zonage automatique (Cockings & Martin, 
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2005; Haynes et aL, 2007; Haynes et aL, 2008; Martin, Nolan, & Tranmer, 2001; 

Nakaya, 2000; Openshaw, 1996; Openshaw & Rao, 1995). 

Établir la validité des unités spatiales d'analyse appert comme une considération 

méthodologique majeure dans l'étude des effets de milieux sur la santé. Toutefois, 

elle a jusqu'à maintenant été peu abordée. Par ailleurs, la stratégie qui consiste à créer 

des unités spatiales qui maximisent l'homogénéité des expositions semble 

prometteuse pour surmonter le défi méthodologique de l' opérationnalisation des 

milieux (Diez-Roux, 2001; Ga1ea, 2006; Gauvin et aL, 2007; Chaix et aL, 2006; 

Cummins et aL, 2005). 

La marche, un indicateur de santé important 

Bien que plusieurs phénomènes de santé semblent épouser une distribution spatiale 

particulière, peu d'états ou d'indicateurs de santé se prêtent aussi bien à l'étude des 

effets de milieux que la marche. En effet, parmi tous les milieux de vie dans lesquels 

la marche peut être pratiquée, il semble que celle-ci soit plus souvent pratiquée aux 

environs du domicile (Humpel, Owen, Leslie, Marshall, Bauman, & Sallis, 2004). 

Aussi, la marche peut être pratiquée pour différents motifs, utilitaires ou récréatifs 

(Ewing, Schmid, Killingsworth, Zlot, & Raudenbush, 2003; Gauvin, Riva, Bamett, 

Richard, Craig, Spivock et aL, 2008; Giles-Corti, Broomhall, Knuiman, & aL, 2005; 

C. Lee & Vemez Moudon, 2006; Saelens, Sallis, & Frank, 2003; Transportation 

Research Board and Institute of Medicine of the National Academies [TRB & IOM], 

2005), qui sont influencés par différentes opportunités présentes dans les milieux 

(Ewing et aL, 2003; Giles-Corti et aL, 2005; Pikora, Giles-Corti, Knuiman, B.ull, 

Jamrozik, & Donovan, 2006). Les paragraphes suivants proposent un aperçu de 

l'importance de la pratique régulière de la marche pour la santé publique et des 

déterminants environnementaux qui l'influencent. 
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Au Québec, en 2003,37% de la population adulte (18 ans et plus) était suffisamment 

active durant les loisirs, 37% était moyennement ou peu active, et 26% était inactive 

(Nolin &. Hamel, 2005). Près de la moitié des adultes (45%) affirme utiliser la 

marche cOnlme moyen de transport pour une durée d'une heure et plus par semaine 

(14% marchant plus de six heures par semaine). De plus, il existe des inégalités 

sociales considérables dans la pratique d'activités physiques; les femmes, les 

personnés plus âgées et celles ayant une faible scolarité et un faible revenu sont 

moins actives durant les loisirs (Center for Disease Control and Prevention, 2003; 

Nolin & Hamel, 2005). 

pans la recherche portant sur les effets de milieux sur la santé, l'identification des 

déterminants environnementaux de la marche fait l'objet d'un intérêt croissant. 

Pratiquée de façon régulière, au moins 30 minutes par jour cinq jours et plus par 

semaine, la marche confère des bénéfices pour la santé (Dunn, Marcus, Kampert, 

Garcia, Kohl, & Blair, 1999; Hakim, Petrovitch, Burchfiel, Ross, Rodriguez, White et 

al., 1998; Hu, Siga, Rich-Edwards, Colditz, Solomon, Willet et al., 1999; 1. Lee & 

Paffenbarger, 2000; Pate, Pratt, Blair, Haskell, Macera, Bouchard et al., 1995; 

Stampfer, Hu, Manson, Rimm, & Willet, 2000; United States Department of Health 

and Human Services [USDHHS], 1996). Lorsque des individus sédentaires 

deviennent modérément actifs, les bénéfices pour la santé augmentent plus 

rapidement que pour les individus modérément actifs devenant très actifs (USDHHS, . 
.. 

1996). De plus, la marche est une activité physique accessible pour plusieurs (ne 

requiert pas d'habilité ou agilité particulière parmi les populations n'ayant pas de 

problème de mobilité) et sa pratique impose peu de contraintes (énergétique, 

temporelle, monétaire). Pour ces raisons, promouvoir la pratique régulière de la 

marche représente une composante utile d'une stratégie de santé publique pour 

combattre la sédentarité (TRB & IOM, 2005;USDHHS, 1996). 

L'environnement bâti des milieux résidentiels est perçu comme un déterminant 

important de la pratique de la marche (Frank et al., 2005; Saelens et al., 2003; TRB & 

IOM, 2005). Selon certains auteurs, l'environnement bâti comprend au moins trois 
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composantes: la configuration de l'occupation du sol, le système de transport et le 

design urbain qui, ensemble, confèrent des opportunités pour la marche (TRB & 

IOM, 2005). La configuration de l'occupation du sol réfère à la distribution des 

activités humaines dans l'espace et est liée aux concepts de densité (par exemple, de 

population, d'emplois), de diversité des occupations du sol et d'accessibilité aux 

services. La notion de distance (proximité) des activités de la vie quotidienne par 

rapport au lieu de résidence est fondamentale à ces concepts (Handy, Boarnet, Ewing, 

& Killingsworth, 2002). Le système de transport correspond aux infrastructures 

physiques et serv~ces qui relient les différentes activités. Le design urbain réfère aux 

attributs physiques et fonctionnels de l'environnement bâti, tels le style architectural 

des édifices, le design des rues et des espaces publics, et inclut des éléments comme 

les trottoirs, la connectivité du réseau de rues et l'esthétique. Le design urbain est 

relié de près à la configuration de l'occupation du sol et au système de transport. Ces 

trois composantes de l'environnement bâti peuvent à la fois faciliter et contraindre la 

pratique de la marche et leur influence peut varier selon les raisons (utilitaire vs 

récréative) qui la motivent (Humpel et al., 2004; Owen, Humpel, Leslie, Bauinan, & 

Sallis, 2004). 

Bien que les mesures dites objectives (par 9Pposition aux perceptions que les gens 

ont de leur milieu résidentiel) des caractéristiques de l'environnement bâti varient 

selon les études, l'état actuel des connaissances indique qu'une plus grande densité 

de population, une occupation du sol mixte et diversifiée, un plus grand nombre et 

variété de destinations, la connectivité du réseau de rues (réseau. en damier) et la 

présence de trottoirs sont associés à des fréquences et durées plus importantes des 

activités de marche (Cervero, 1996; Cerin, Leslie, du Toit, Owen, & Frank, 2007; De 

Bourdeaudhuij, Sallis, & Saelens, 2003; Ewing et al., 2003; Fisher, Li, & Michael, 

2004; Frank & Pivo, 1995; Frank et al., 2005; Gauvin et al., 2008; Giles-Corti et al., 

2005; Giles-Corti & Donovan, 2002a, 2003; Humpel et al., 2004; C. Lee & Vemez 

Moudon, 2006; Leslie, Coffee, Frank, Owen, Bauman, & Hugo, 2007; Li, Fisher, 

Brownson, & Bosworth, 2005; Lovasi, Vemez-Moudon, Pearson, Hurvitz, Larson, 
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Siscovick, et al., 2008; Owen et al., 2004; Pikora et al., 2006; Saelens et al., 2003; 

van Lenthe et al., 2005) .. 

Pour atteindre les recommandations d'activités physiques, il est possible de cumuler, 

au cours de la journée, des périodes d'activités physiques d'au moins 10 minutes, 

totalisant un minimum de 30 minutes (TRB & IOM, 2005; USDHHS, 1996). Ainsi, 

plutôt que d'être confinée à une plage horaire précise, la pratique d'activités 

physiques peut être intégrée aux activités quotidiennes conférant ainsi importance au 

concept de « vie active ». De la sorte, les niveaux souhaitables d'activités physiques 

peuvent être atteints à travers une multitude d'activités comme la pratique de la 

marche ou du vélo pour se déplacer, pour l'exercice, ou pour les loisirs, vaquer à des 

tâches à l'intérieur et à l'extérieur du domicile, emprunter les escaliers plutôt que 

l'ascenseur, utiliser des installations récréatives, etc. (Active Living Research 

http://www.activelivingresearch.org). Le concept de « vie active» met de l'avant 

l'idée de rendre ubiquitaires les opportunités pour être actif de telle sorte que 

l'activité physique soit intégrée aux routines quotidiennes. Dans cette optique, les 

caractéristiques de l'environnement bâti peuvent être perçues comme ayant le 

potentiel de réguler la propension à une vie active des individus et des populations 

(Gauvin, Richard, Craig, Spivock, Riva, Forster et al., 2005). 

Pour mieux informer les décideurs responsables de la conception et de l'implantation 

des politiques de santé publique et des initiatives de promotion de la santé visant à 

créer des environnements qui favorisent un mode de vie actif, il importe de 

comprendre le rôle des milieux résidentiels dans la promotion de la marche. Cela 

requiert l'opérationnalisation d'unités spatiales homogènes au niveau des expositions 

d'intérêt. 
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QUESTION ET OBJECTIFS DE RECHERCHE 

Comme il a été énoncé en introduction, cette thèse porte sur la question de recherche 

suivante: Quel est l'apport du développement et de l'application d'une approche 

novatrice pour créer des unités spatiales pour la compréhension des effets de milieux 

sur la santé ? Pour répondre à cette question, deux objectifs spécifiques ont été 

pOurSUIVIS: 

1) Créer des unités spatiales optimales homogènes au niveau du potentiel de vie 

active des milieux, opérationnalisé par la densité de la population, la mixité de 

l'occupation du sol et l'accessibilité géographique6 aux services de proximité; et 

quantifier et comparer les degrés d'homogénéité des nouvelles unités et des secteurs 

de recensement au niveau du potentiel de vie active des milieux. 

2) Examiner l'influence des milieux sur les comportements de marche d'adultes 

montréalais de 45 ans et plus, en comparant les résultats obtenus lorsque le milieu est 

opérationnalisé par les nouvelles unités spatiales plutôt que par les secteurs de 

recensement 

Ce projet est pertinent pour deux raisons. D'abord, comme le signalent plusieurs 

auteurs (Coulton et al., 2001; Diez-Roux, 2000; Diez Roux, 2001; Gauvin et al., 

2007; O'Campo, 2003; Pickett & Pearl, 2001; Riva et al., 2007; Subramanian, 2004; 

Subramanian et al., 2003), l'opérationnalisation des milieux dans la première 

génération d'études a, pour la plupart, été réalisée selon des méthodes de convenance, 

dictées par la disponibilité des unités spatiales définies pour des motifs autres 

qu'étiologiques. Ce projet de doctorat propose une méthode novatrice pour créer des 

unités spatiales ayant une signification étiologique. Dans cette optique, il a été 

suggéré que l' opérationnalisation d'unités spatiales soit en cohérence avec les 

6 L'accessibilité géographique réfère à la facilité avec laquelle les résidents d'un milieu peuvent 
atteindre les services et équipements collectifs (Hewko et al., 2002). Pour alléger le texte, le terme 
accessibilité sera parfois utilisé seul. 
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objectifs spécifiques de l'étude (Chaix et al., 2006; Cummins et al., 2005a; Diez 

Roux, 2001; Galea & Ahem, 2006; Gauvin et al., 2007). En délimitant des unités 

spatiales en fonction de la distribution spatiale du potentiel de vie active des milieux 

associé aux comportements de marche, c'est selon cette approche « spécifique» que 

la création de zones a été développée et appliquée. 

Contexte de la thèse 

Les données individuelles analysées proviennent du projet de recherche 

« Physical/environmental structures and walking behaviour in residential living 

spaces: Exploring pathways through which place influences a specifie health 

behaviour » (subvention # 200203 MOP 57805) (projet MARCHE) financé par les 

Instituts de recherche en santé du Canada dont Lise Gauvin est la cherche ure 

principale. Le sommaire de ce projet est présenté à l'Annexe II. L'objectif du projet 

MARCHE est de mieux comprendre la relation entre les environnements physiques et 

la marche dans des quartiers urbains et de banlieues. Le projet a été développé en 

deux phases: (1) observation systématique d'aspects spécifiques du pot~ntiel de vie 

active de 112 quartiers résidentiels (définis par les secteurs de recensement), soit la 

densité des destinations, la convivialité et la sécurité (Gauvin et al., 2005); (2) 

recrutement de 2923 personnes de 45 ans et plus et vivant dans les 112 secteurs de 

recensement pour participer à une entrevue téléphonique visant à connaître leurs 

pratiques de marche, leurs autres habitudes de vie et leurs caractéristiques 

sociodémographiqües. Les associations entre la densité des destinations, la 

convivialité et la sécurité des quartiers et la pratique régulière de la marche (au moins 

30 minutes par jour, trois, cinq ou sept jours par semaine) ont été analysées à l'aide 

de modèles statistiques multiniveaux (Gauvin et al., 2008). 

Par rapport au projet MARCHE, cette thèse a une portée umque. D'abord, les 

objectifs et la finalité sont distincts. Le but de cette thèse est de déterminer l'apport 

du développement et de l'application d'une approche novatrice pour créer des unités 
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spatiales poUr la compréhension des effets de milieux sur la santé. À cette fin, la 

marche et ses déterminants environnementaux sont utilisés à titre d'exemple. Ensuite, 

le potentiel de vie active a été défini par trois mesures objectives provenant de bases 

de données spatiales, soit la densité de la population, la mixité de l'occupation du sol· 

et l'accessibilité aux services; ces mesures sont indépendantes des données 

observationnelles du projet MARCHE. Finalement, les données ont été traitées à 

l'aide de différentes méthodes d'analyses spatiales (analyse de réseaux) ·et statistiques 

(classification statistique, modèles multiniveaux avec classification croisée). Dès lors, 

il est clair que, les données provenant du projet de recherche MARCHE ont été 

explorées de façons différentes et novatrices. 

Le protocole de recherche du projet MARCHE a été approuvé par le Comité 

d'éthique sur la recherche chez les êtres humains de la Faculté de médecine de 

l'Université de Montréal à l'été 2004 (Annexe III). L'accès aux données spatiales est 

public ou régi par l'entremise d'ententes interuniversitaires. Les résultats ne 

divulguent pas la localisation spatiale des individus ni des secteurs de recensement 

dans lesquels les participants ont été recrutés. 
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ABSTRACT 

Background 

In health and place research, definitions of areas, area characteristics, and health 
outcomes should ideally be coherent with one another. Yet current approaches for 
delimiting areas mostly rely on spatial units "of convenience". such as census tracts. 
These areas may be homogeneous along socioeconomic conditions but heterogeneous 
along other environmental characteristics. This heterogeneity can lead to biased 
measurement of environment characteristics and misestimation of area effects on 
health. The objective of this study was to assess the soundness of census tracts as 
units of analysis for measuring the active living potential of environments, 
hypothesised to be associated with walking. 

Results 
Starting with data at the smallest census area level available, zones homogeneous 
along three indicators of active living potential were designed: population density, 
land use ,mix, and accessibility to services. Delimitation of zones ensued from 
statistical c1ustering of the smallest areas into seven c1usters or "typ,es of 
environment". Mapping of c1usters into a GIS led to the delineation of 898 zones 
characterised by one of seven types of environment, corresponding to different levels 
of actIve living potential. Homogeneity of census tracts along indicators of active 
living potential varied. A greater proportion (83%) of variation in accessibility to 
services was attributable to differences between census tracts suggesting within-tract 
homogeneity along this variable. However, census tracts were heterogeneous with 
respect to population density and land use mix where a greater proportion of the 
variation was attributable to within.,tract differences. About 55% of tracts were 
characterised by a combination of three or more ''types of environment" suggesting 
substantial within-tract heterogeneity in the active living potential of environments. 

Conclusion 

Soundness of census tracts for measuring active living potential may be limited. 
Measuring active living potential with error may lead to misestimation of 
associations with walking, therefore limiting the correctness of inference about area 
effects on walking. Future studies should aim to determine homogeneity of spatial 
units "of convenience" along environment characteristics of interest prior to 

. examining their association with health. Further evidence is needed to assess the 
extent of this methodological issue with other indicators of environment context 
relevant to other health indicators. 
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INTRODUCTION 

Residential areas are proximal to everyday life and are therefore likely to influence 

health of local populations through the possibility they provide for leading healthy 

lives [1, 2]. An accumulating body ofresearch shows evidence for variation in health 

. across residential areas and the significance of area context for explaining' this 

variation, independently of the characteristics of individuals [3-5]. 

Different scales, or spatial units, may be relevant to specific contextual conditions 

and to specific heath outcomes [6, 7], as illustrated by studies reporting varying 
. , 

streilgth and magnitude of area effects on health according "to the operational 

definition of areas [8-15] or to contextual conditions [16-19]. Nonetheless current 

appmaches for delimiting areas mostly rely on spatial units "of convenience" such as 

census tracts, boroughs, or wards [3, 5]. These spatial units are certainly useful 

because they can easily be linked to data from censuses and other surveys that can be 

used for measuring contextual conditions. AIso, they are often designed to be 

homogeneous along socioeconomic conditions of populations, thus being appropriate 

spatial units to operationalise the socioeconomic context of areas [20] (yet this may 

not hold for other administrative units, e.g. postal code areas which are design for 

postal delivery purposes and may be very heterogeneous in terms of population 

composition). However it is to be considered that through time, the composition of 

the units may change leading to modification of the socioeconomic conditions which 

may become more heterogeneous. 

Yet, other contextual dimensions relevant for he~lth may not be optimally defined 

within administrative spatial units. For example, conduciveness of areas to physical 

activity or geographic accessibility to health services may operate on different scales 

than socioeconomic factors. Operationalising relevant spatial units for studying area 

effects on health remains a conceptual and methodological challenge [4, 5, 7, 21-26] 

giving rise to issues ofvalidity and soundness of arealunits as units of analysis [27]. 
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Operationalising small areas: issues of validity and soundness units of analysis 

Construct validity refers to whether or not the measurement instrument 

operationalises the concept of interest. In area effects on health research, construct 

validity is a matter of establishing 1) the soundness of units of analysis, i.e., whether 

or notarea 'boundaries are àetiologically meaningful for studying the association 

between area characteristics and a given health indicator, and2) whether or not data 

constitute appropriate operationalisations of exposure variables, i.e. the 

characteristics of areas [27]. Ideally, definitions of areas, the characteristics of these 

areas, and the health outcome(s) being stud~ed should be coherent with one another 

[7]. 

Measures of area characteristics derived from census and other surveys, e.g. 

socioeconomic position, although easily accessible, provide only partial infonnation 

on the context of areas and may in factbe endogenous to the composition of the areas 

as they are detennined by individual characteristics of residents [28]. Collecting and 

measuring "true" or "integral" area data, i.e. data only measurable at the area level 

through such procedures as ecometrics and spatial analysis has been underscored as 

critical for measuring unbiased area-Ievel variables [2, 7, 28, 29]. Likewise, defining 

aetiologically meaningful areas in coherence with the specific purposes of the study, 

either in terms of health outcomes, characteristics of environment, or associations 

between the two [23, 28, 30, 31] is important for understanding the significance of 

residential areas for health. Measurement errors can result if the spatial patterning of 

environmental characteristics does not correspond to the spatial units chosen for 

operationalising areas and their context [27]. 

Defining relevant geographic areas becomes salient in light of the modifiable areal 

unit problem, Le. the fact that analytical results are sensitive to the definition of 

spatial units at which dat~ are aggregated [32, 33]. In other words, area effects may 
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be observed only at certain scales, i.e. scales at which data are collected and 

aggregated and may vary or be absent when observed at other scales. Imposing 

arbitrary spatial units on a continuous spatial process, e.g.· characteristics of 

environments, may lead to the delineation of artificial spatial patterns. In such cases, 

environment characteristics may be measured with error. As a result the internaI 

validity of the study, i.e. whether or not observed associations are unbiased, may be 

threatened. 

In addition, as per spatial auto correlation, areas will share similar contextual 

conditions as a function of their proximity in space [34]. By using spatial units of 

convenience, it is assumed that contextual conditions within one area are different 

and influence health independently of conditions in neighbouring areas [4, 5, 21, 22, 

24-26, 35], when in fact these conditions are clustered in space. Furthermore, for any 

area effects to be detected there must be variation in the exposure beingstudied [36]. 

Yet the variation of environment characteristics may be smoothed out by the 

definition of area units used to measure them. For example, if spatï'al units encompass 

environments that are both conducive to walking and others that are less so, 

averaging values of conduciveness over census tracts could potentially lead to 

mismeasurment of exposures. Within area homogeneity along the contextual 

conditions under examination is thus required for minimising measurement error. 

Correspondingly, for inferring about area effects on health; between area differences 

must be maximised: if data are collected in contiguous and heterogeneous areas, 

variations in both characteristics of environments and health outcomes, and their 

association, may be misestimated. As area effects on health have been observed to be 

stronger in more homogeneous areas [37, 38], homogeneity of areas may thus 

influence the estimation of area effects and therefore thevalidity of conclusion. 

In Figure 1, we propose a template that could be useful for establishing the soundness 

of spatial units "of convenience" to operationally define areas for specific research 

questions. For example, the template could be used to guide thè decision as to 

whether or not census tracts are the most appropriate spatial units of analysis for 



« Typical » 
approach 

Figure 1. Template for deciding upon the soundness of spatial units "of 

convenience" to operationally derme small area units of analysis 

Spatial units of convenience 
Census tracts, electoral wards, 

boroughs, postcode sectors, etc. , 
Are the spatial units appropriate for 
measuring the selected environment 

characteristics and estimating area effects? 
Are they homogeneous along characteristics of 

interest? , , 
YES NO , 

61 

An approach 
for such an 
assessment 
is proposed 
in this study 

Implications for study design 
Environment characteristics 

measured with error 
Misestimation of area effects on 

health 

Proceed with 
estimation of 

area effects on 
health 

, 
Designing spatial units for the 

specifie research question 
Spatial units homogeneous along 

selected environ ment characteristics 
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measuring associations between area-Ievel socioeconomic position (SEP) and 

obesity. That is, if they a1low for measuring indicators of SEP without bias (and 

ultimately for estimating non-biased association with health outcomes) by showing 

homogeneity in the distribution of indicators and optimising their spatial patterning. 

In the methbds sections, we propose an approach for achieving this end. Intuitively, it 

can be expected that censUs tracts are appropriate units for undertaking such a study 

as they are, as mentioned above, initially designed to be homogeneous along 

socioeconomic conditions. But across time, the socioeconomic composition of census 

tracts may change as people migrate in and out of areas, potentially introducing 

heterogeneity in the socioeconomic make-up of the area. This could result in a 

"dilution" of the true level of deprivation. A veraging indicators of SEP over census 

tracts thus may mask "pockets" of poverty. The exercise of establishing the 

soundness of census tracts as units of analysis would be important hei'e, as it would 

allow to measure with less error indicators of SEP and their association with health 

outcomes. In multilevel studies, mismeasurement of environment characteristics may 

influence the strength of the observed association between environment 

characteristics and health indicators [39]. As such, associations may not be detected 

or may be spurious, therefore limiting the precision. of research findings for 

informing public health and public policy actions to tackle social and geographical 

inequalities in health. 

Establishing the soundness of spatial units of analysis chosen for operationalising 

area boundaries and measuring area context is an important methodological 

consideration, but it is often overlooked. Altematively, designing spatial units of 

analysis maximising homogeneity of selected environment characteristics may prove· 

to be a viable strategy for advàncing the understanding of processes linking place to 

health [7]. 
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OBJECTIVES 

The aim of this investigation is to assess the soundness of census tracts as units of 

analysis for studying associations between a specific exposure and a specific health 

outcome; namely the active living potential of residential environments and walking 

behaviours. Active living potential refers to the conditions of areas that encourage the 

like1ihood ofintegrating physical activity into daily routines [29]. Census tracts were 

se1ected as spatial units "of convenience" because of extensive use of this spatial unit 

of analysis in .current research on health and place [4, 5]. In Canada, census tracts are 

small and re1ative1y stable geographic areas with populations ranging in size between 

2500 and 8000 inhabitants;at the time of their creation, census tracts were 

homogeneous in terms of socioeconomic characteristics, e.g. economic statUs and 

social living conditions [40]. 

To establish the soundness of census tracts as a unit of analysis, we deve10ped and 

tested a comprehensible method for designing optimal and homogeneous spatial units 

espousing the spatial distribution of se1ected environment characteristics linked to the 

concept of density of destinations that is the physical and social characteristics of 

residential areas related to land use pattern [29]. Three indicators were used to 

operationalise the construct of active living potential: population density, land use 

mix, and geographic accessibility to proximity services. The specific objectives of the 

study are to examine whether or not: 1) census tracts are homogeneous units of 

analysis along indicators of active living potential; 2) active living potential and 

socioeconomic indicators follow a similar spatial distribution; and 3) census tracts 

encompass smaller areas or units of analysis with different (or similar) levels of 

active living potential. 

Active living potential was chosen because of increasing· research reporting 

associations between this environmental construct and walking [19, 41-53], an 

important public health indicator [54-56]. This choice was also motivated by 
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availability of spatial datasets allowing for the operationalisation of integral measures 

of land use mix and geographic accessibility to services in geographical information 

systems, and by the availability ofindividual-Ievel data on walking behaviours (to be 

examined in future analyses). 

METHODS 

The methodology section inc1udes two parts. First, we present criteria and methods 

for designing homogeneous areas (henceforth designated as "zones"). Second, we 

present analyses undertaken to assess the soundness of cehsus tracts as units of 

analysis for measuring the active living potential ofresidential areas. 

Designing optimal, homogeneous zones 

Zone design refers to the placement of areal unit boundaries [9]. It can be achieved 

discursively (manually) by grouping basic spatial units into larger ones [57-59], by 

combining social, statistical, and spatial analysis methods [60, 61], and automatically 

through computationally intensive automated zoning software [9, 15,37,62-65]. 

Three criteria guided the choice of the method for zone design. First, we wanted to 

design zones based on the spatial distribution of environmental characteristics related 

to active living potential, namely populati~n density, larid use mix, and geographic 

accessibility to selected proximity services .. We had no requirement regarding 

population and area sizes as zones were. defined on the basis of the spatial 

distribution of these characteristics. Second, the method for zone design had to be 

optimal, i.e. to maximize variation between zones and to minimize variation within 

zones in the selected characteristics. In other words, the aim was to design zones that 

were internally homogeneous on the three indicators of active living potential, but 

different (heterogeneous) amongst themselves. Finally, we wanted a method that was 

rigorous but comprehensible and easy to implement. We opted for an approach that 
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combined a statistical classification method, K-means clustering, to mappmg 

applications in geographic infonnation system. This three-step approach is described 

in greater details in the following sections. 

Step 1: Measuring environment characteristics at the smallest area level 

The study area is the Island of Montreal, Canada, an urban centre with 1 812 723 

residents. As of January 2006, on the Island of Montreal, there are 15 municipalities, 

in addition to the municipality of Montreal which inc1udes 19 boroughs [66]. The 

Island of Montreal is further divided into 521 census tracts and 3222 dissemination 

areas. Dissemination areas (DAs) were used as basic spatial units for designing zones 

because they are the smallest standard geographic areas for which Canadian census 

data are available. On the Island of Montreal, their average size is 0.15 km2 (ranging 

between 364 m2 and 18 km2
) with an average population of 562 individuals (ranging 

between 44 and 2138 residents). DA values for population density, land use mix, and 

accessibility of services were computed in a geographical infonnation system 

(ArcGIS 9.2) [67]. 

Population density refers to number of individuals per unit area. It was computed by 

dividing the total number ofresidents of a DA by its area size (km2) [68]. 

Land use mix relates to the diversity or variety of land uses within an area. It was 

computed using an entropy index [47, 69, 70] which measures the homogeneity or 

diversity of land uses within a spatial unit. The index is defined as follow: 

Ej = - t [(Aij / Dj )ln(Aij / Dj)] /lnn (Equation 1) 
i=1 

Where Aij is the surface area of land use i in dissemination areaj, Dj is the surface 

area of dissemination areaj, and n is the total number of possible land uses which in 
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the current case corresponds to 16, the number of different land uses characterising 

the Island of -Montreal [71]. The index values range between 0 and 1, where 1 

corresponds to ,a highly mixed area, and 0 to a homogeneous area, that is an area 

characterised by only one land use (e.g. low density housing). This index has been 

used in many studies to measure land use mix [47, 72]. 

Geographie aecessibility to proximity services refers to geographic distance to or 

from destinations, here to supermarkets, pharmacies, banks, and libraries. These 

services were selected because they are most likely to be used on a regular basis, 

conveying the idea of proximity services potentially accessible through walking. 

There are many measures of geographic accessibility [73, 74]. In this study, 

geographic accessibility was defined in terms of the number of the selected services 

within an area, conferring the notion of the offer of services provided by the 

Immediate surroundings. Supermarkets, pharmacies, banks, and libraries wére 

geocoded at the parcellevel [75]. In order to minimise aggregation errors [73, 76], 

accessibility was measured by computing distances of services located within a one 

kilometre (network distance) radius [77] from the centroid of census blocks (n=14 

527) comprised within any one DA; the distances were than averaged and weighted 

by the total population of each census blocks. 

Characteqsation of DAs along the three indicators resulted in a sample of 3206 DAs. 

- Measures of land use mix and accessibility to services were normally distributed; 

population density was normalized using a LOG10 transformation [78]. Population 

density was significantly and positively col'related to accessibility to services (r=0.45, 

p<O.OOl), and negatively to land use mix' (r=-0.32, p<O.OOl). Land use mix and 

accessibility to services were not significantly correlated (r=0.03, p>0.500). Prior to 

c1uster analyses, these variables were standardized toa mean of 0 and a standard 

deviation of 1, higher values representing greater levels of population density, land _ 
, 

_ use mix, and accessibility to services. 



67 

Step 2: Classifying smallestareas into clusters, e.g. "types of environments", using 

K-means clustering 

K-meansstatistical c1ustering techniques using SAS (version 9.1) for Windows [79] 

was applied to c1assify DAs into k number of optimal c1usters homogeneous in terms 

of active living potential. In social sciences, notably in geography, K-means is largely 

employed to c1assify areas (e.g. geodemographics· [80]). The method uses an 

allocation/re-allocation algorithm to optimally reassign objects, here DAs, to the 

nearest c1uster centroid [81-83]. The goal is to maximize between c1uster variations 

and to minimize within c1uster variations. The aim of this second step was to group 

DAs with similar values of population density, . land use mix, and accessibility of 

services into k types of environments that are internally homogeneous but different 

among them. These types of environments correspond to different levels of active 

living potential. In K-means, the number of c1usters (k) must be determined at the 

onset of analyses; as we had no a priori for such number, we conducted analyses for 

k=4 to k=20. 

Step 3: Mapping ,the clusters to create optimal and homogeneous zones 

In a final step, the k types of environments were imported into ArcGIS 9.2 and 

mapped out. This lead to the delineation of n homogeneous zones i.e., units of 

analysis, characterised by one of k active living potential. 

Statistical analyses: Assessing the soundness of census tracts as units of analysis 

for operationalising active living potential 

. The soundness of census tracts for operationalising indicators of active living 

potential was assessed through three series of analyses. 
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First, to assess the homogeneity of census tracts, variation in indicators of active 

living potential was estimated and decomposed between and within areas. Population 

density, land use mix, and accessibility of services were measured continuously at the 

DAs level (level 1: n=3206). In separate two-Ievel multilevel models, DAs were 

nested into zones (n=898) and into census tracts (n=506 with valid population and 

socioeconomic data). Between-area variation in indicators of active living potential 

was estimated using the intrac1ass correlation coefficient (lCC) from unconditional 

(null) multilevel models using HLM software Version 6.04 [84]. The ICC indicates 

the proportion of variation in a dependent variable that is attributable to differences 

between area units. Greater ICC values indicate that variation of a variable is greater 

between units than within, i.e. units are different among them but internally 

homogeneous. Using the same analytical approach, homogeneity of zones and census 

tracts along indicators of socioeconomic position was assessed and compared. DA­

level data on the proportion of low-income households, of people with less than high 

school education, and of people with a university degree were obtained from the 

2001 Canadian census. 

Second, analyses of variance were performed to examine the proportion of variation 

across zones in socioeconomic variables explained by the k types of environment. 

Indicators of SEP at the DA-Ievel were aggregated (weighted by population) at the 

zone-Ievel. These analyses were performed to examine whether or not socioeconomic 

and active living indicators follow a similar spatial distribution as is implicitly 

assumed when measured within the same area unit of analysis. 

Finally, descriptive statistics were employed to assess the extent to which the spatial 

distribution of the different types of environment coincides with the boundaries of 

census tracts. These analyses were conducted to examine if census tracts 

encompassed environments with differing levels of active living potential. The 

numbers of zones straddling over one or more census tracts, and the number of types 

of environment encompassed within census tracts were computed. To examine 

whether or not the spatial distribution of more mixed or more homogeneous census 
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tracts (i.e. the number of types of environments encompassed within census tracts) 

was structured in space, global values of spatial auto correlation were computed using 

Moran l with a first-order contiguity matrix [85, 86]. Values for Moran l vary 

between -1 and 1, where negative values indicate negative spatial auto correlation, i.e. 

neighbouring spatial units have different values, and positive values indicate positive 

spatial autocorrelation, i.e. neighbouring units have similar values. The covariance in 

Moran l is the covariance over space for neighbouring spatial units, and will not be 

computed unless two units are contiguous (first order); also, oruy one variable is 

considered [85], here the number of types of environments inc1uded in census tracts. 

RESULTS 

Description of types of environment and zones 

Figure 2 illustrates results of the K-means c1ustering, which show that the 3206 DAs 

were optimally c1assified into 7 c1usters or "types of environments" as indicated by 

peaks [87] in both the Pseudo-F statistic [88] and the Cubic c1ustering criterion [89]. 

These c1usters explain 72.8% of the total variation in the three indicators of active 

living potential. Thus, differences among the seven c1usters and similarity of DAs 

comprised within the same c1uster, i.e. within-c1uster homogeneity, were both 

maximized. The seven types of environments correspond to seven different levels of 

active living potential. They encompassed more suburban to more central urban types 

of environments defined by different values for population density, land use mix, and 

accessibility to services. The types of environments are described in Figure 2 and 

Figure 3. 

Low-density and mid-density suburban areas are characterised by lower values of 

population density and accessibility to services. Diverse central urban areas and 

central urban areas with high accessibility are more densely populated and have 

greater access to services than any other types of environment. Although population 
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Figure 2. Statistical proximity of the seven types of environments (clusters) 

-1.0 -0.5 ·0.0 

land-use m.x 
0.5 1.0 

-1.0 
-2.0 dens\t'l 

popu\at\on 

Euclidlan distance between the centroids of categories of exposure (statistical proximlty)* 

A 8 C D E F 

A. Low-density suburban 

B. Middle-densily suburban 2.53 

C. Suburban/urban axial 2.04 2.01 

D. Mix urban/suburban 3.20 1.63 1.54 

E. Urban residential 4.18 1.86 2.89 1.43 

F. Diverse central urban 3.40 2.76 1.78 1.44 2.56 

G. Central urban with 4.51 3.04 3.12 1.94 1.94 1.68 
high accessibility 

• The lower the value, the doser the centroids. 



71 

density and accessibility to services follow to sorne extent an increasing gradient 

from more suburbru:t to more urban areas, the pattern of land use mix is more 

complex: there are low values in urban areas and high values in suburban areas. 

Dissemination areas are designed to be similar in population size (among other 

characteristics); thus the area size required to reach the set population threshold will 

be larger in less densely populated areas and· smaller in more urban areas. As a 

consequence, larger dissemination areas are more like1y to encompass different land 

use than are smaller dissem~nation areas located in urban areas. 

Figure 2 also presents the statistical proximity (Euclidian distance) of the centroids of 

clusters (cluster mean values), i.e. types of environment, in a three dimensional graph 

where the axes correspond to the three indicators of active living potential. With 

respect to their spatial distribution, the types of environment are positively corre1ated 

in space indicating that contiguous zones were characterised by similar types of 

environment. 

Mapping of the clusters into the GIS led to the delineation of 898 zones or units of 

analysis characterised by one of the seven types of environments, i.e. active living 

potential, as illustrated in Figure 3. Zones are significantly smaller than census tracts, 

an average of 0.54 km2 (SD=3.50) compared to 0.96 km2 (SD=1.98) (t=-2A6; 

p<0.05), but the range in their size is not statistically different (F=O.68; p=OA09). 

Zones are significantly smaller than census tracts in population size, an average of 

1960 (SD=3867) residents compared to 3554 (SD=1647) (t=-10.73; p<0.001), . and 

there is significantly greater variability in population size across zones than across 

census tracts (F=11AO; p<0.01). Zones characterised by more suburban contexts are 

on average larger and have relatively smaller population counts than urban zones. 
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Figure 3. Description of types of environment (clusters) and zones 

Zones Area 
Categories of exposure N % mt2 % 

Low-density suburban 31 3.5 222.2 45.5 

Middle-density suburban 104 11.6 75.2 15.4 

SUburbaniurban axial 146 16.3 83.7 17.1 -Mix urbanlsuburban 243 27.1 41.0 8.4 

Urban residential 212 23.6 17.1 3.5 

Diverse central urba n 85 9.5 32.6 6.7 
Central urban with 
high accessibility 77 8.6 16.5 3.4 

Total 898 100.0 488.3 100.0 

No data D Census tracts 

Standardised mean values of exposure variables for each category 

2,------------------------------------------------

-1 +-l::}---==-"=~ 

-2~~-------------------------
9 Population density 
[[I] Land use mix 

-3 
D Aocessibility to services 

Description of catogories of exposure 

Low-density 
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• 
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Suburbanl 
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• 
Mixurbanl 
suburban 

Urban 
residentia 1 

Diverse 
central urban 

Central urban 
with nQh .. 
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Suburban areas characterised by lowest population density, land use diversity, and 
low accessibility to serviees 

Suburban areas characterised by low population density, land use homogeneity, 
and weak accessibility to serviees 

Suburban and urban areas characterised by low population density, land use 
diversity, and weak accessibility to serviees. Located close to main street axis 

Suburban and urban areas with average values of population density, land use mix, 
and accessibility to services. Located mainly in the central and eastem part of the island 

Urban areas with highest population density, land use homogeneitYI and weak accessibility 
to serviees. Locatecf mainly ln peripheral residential areas to central urban areas 

Urban areas characterised average population density, land use diversity, and good 
accessibility to serviees 

Urban areas with hi9h population density, land use homogeneity, and highest 
accessibility to seMees. Located mainly in central areas of the Montréal Island 
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Homogeneity of census tracts along active living potential indicators 
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Results of homogeneity of zones and census tracts along active living indicators 

appear in Figure 4. The variation in indicators is not uniform across census tracts. A 

greater proportion (83%) of variation in accessibility to services is attributable to 

differences between census tracts, as indicated by a higher ICC value, suggesting 

within census tract homogeneity along this indicator. Yet about half of the variation 

in population density is between census tracts (52%), whereas there· is greater 

variation in land use mix within census tracts (85%), indicating greater heterogeneity 

of tracts along these indicators. The degree of homogeneity of tracts therefore varies 

according to the indicator examined. For population density and land-use mix, but 

not for accessibility of services, variation between zones is greater than between 

census tracts. This shows that the method was successful in designing areas or units 

of analysis that were more homogeneous than census tracts along dimensions of 

active living potential. 

The degree of homogeneity of census tracts and zones along socioeconomic 

indicators shows that for the se1ected variables, variability is larger between census 

tracts than between zones (Figure 4). Census tracts are relatively homogeneous areas 

in terms of the socioeconomic environment, especially for proportion of population 

with a university education. 
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Figure 4. Decomposition of variation in indicators of active living potential and 

socioeconomic position across zones and across cens us tracts. 
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Spatial distribution of active living potential and socioeconomic indicators 

Examining variation in socioeconornic indicators across zones shows that they follow 

a different spatial distribution than that of active living potential indicators. Results of 

analyses of variance (results not shown) revealed that 15.2% of the variation in the 

proportion of low-incorne households was explained by the seven types of 

environment whereas these proportions were 5.2% for the proportion of people with 

less than high school and 3.8% for the proportion of people with a university 

education. 
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Types of en vironments encompassed within census tracts boundaries 

OveraIl, zones are not weIl contained within census tracts. As shown in Figure 5, 

only 30.5% of zones are completely located within the boundaries of one census 

tract. F orty-eight percent of zones straddle two or three census tracts whereas, 21.5% 

spread over more than four tracts. Correspondingly, there is considerable variability 

in types of environment within census tracts. 

Figure 5. Proportion of zones straddling different numbers of census tracts 

across the Island of Montreal 

30 
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0 
1 2 3 4 5 6 to 10 11 to 20 More than 20 

Number of census tracts straddled 

As illustrated in Figure 6, 11.2% of census tracts encompass only one type of 

environment and 34.3% encompass two types. About 28% of census tracts are 

characterised by three different types of environment, whereas 26.3% comprise 4 or 

more different types. Among census tracts encompassing two types of environment 

(n=175), about two-thirds (66.3%) comprise types that are statistically similar as 

indicated by distances between their centroids (two or less distance lag as indicated in 

the distance matrix in Figure 3; results not shown). For example, census tracts often 

comprise a combination oflow-density suburban and suburbanlurban axial zones 
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Figure 6. Number of types of environment encompassed within cens us tract 

boundaries 
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(26.3%), or a grouping of diverse and high accessibility central urban areas (35.4%). 

Globally, the number of types of environment encompass within census tracts is 

positively correlated in space (Moran 1 = 0.26; p<O.OOl), suggesting that more 

homogeneous or more mixed census tracts are often contiguous in space (Figure 6). 

More heterogeneous census tracts are located mainly on the periphery of central 

urban areas and in the eastern part of the Island of Montreal, and to a lesser extend in 

the west-end suburbs. 

DISCUSSION 

The objective of this study was to assess the soundness of census tracts as units of 

analysis, i.e. their degree of homogeneity in. terms of the active living potential of 

residential environments associated with walking. In order to do so, homogeneous 

zones that optimised the spatial patterning of active living potential indicators 

hypothesised to be associated with greater involvement in walking, namely 

population density, land-mix use, ànd accessibility to services, were successfully 

designed. This was done through application of an easy-to-use method combining a 

classification method called K-means clustering with basic mapping applications of 

geographical information systems. The degree of soundness of census tracts as units 

of analysis was established through a series of analyses comparing them to the 

newly-designed zones. 

First the distribution of the three active living indicators between and within census 

tracts was assessed. Although census tracts were homogeneous in terms of 

accessibility to services, they were less homogenous in population density; for this 

indicator within and between census tracts variations were about equal. Census tracts 

were clearly not homogeneous in terms ofland use mix as the variability within tracts 

largely exceeded the variability between tracts. In contrast, census tracts were 

homogeneous along socioeconomic variables. These results suggest that the spatial 

patterning of the active living potentia,l of environments do not neatly follow in the 
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delineation of census tracts, which may be more suitable as units of analysis for 

operationalising socioeconomic contexts. 

Then, findings revealed that the spatial distribution of active living and 

socioeconomic indicators followed different spatial distribution. At the zone-leve1, 

types of environment explained a small proportion of variation of socioeconomic 

variables. This indicates that processes underlying the 'distribution of active living 

and SEP indicators, although potentially linked [2, 6], operate at different scales and 

thus require different units of analysis. 

In the final set of analyses, within tract variability in terms of what we labelled ''types 

of environment" was examined. This allowed for the assessmentof whether or not 

census tracts encompassed environments that were substantive1y different among 

theril in terms of their active living potential. Census tracts comprising two different 

types of environments (34.3%) were not considered necessarily as problematic, given 

that sorne types of environment were more similar than others and were often 

contiguous in space. For example, diverse and high accessibility central urban zones 

were often contiguous in space and were statistically most similar (as indicated by 

statistical distances between c1usters; Figure 3). However, census tracts comprising 

three or more types of environment raised concerns; such a situation was observed in 

more than half of census tracts. These tracts encompass environments that are 

simultaneously most conducive to walking and others that are least so. A veraging ° 

values of conduciveness to walking could potentially lead to significant errors when 

measuring active living potential at the census tract-level. 

The approach for defining areas or unitsof analysis differs from those involving the 

definition of strictly "ecologically meaningful" or "natural" neighbourhoods, i.e. 

neighbourhoods imbued with meaning for residents [21] or as consisting
O 

of a group 

of homes sharing a commonly defiried residential area often having name [20]. 

Defining such units of analysis is important when the· notion of commonly shared 

territory is re1ated to the contextual condition of interest, for example social capital or 
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collective efficacy [7, 27]; this notion is not conjured up by active living potential. 

Designing zones based on the spatial distribution of active living indicators 

empirically linked to greater involvement in walking leads to the definition of areas 

that are more appropriate units of analysis and increases the internaI validity of study 

design examining the environmental detenninants of walking. 

Future studies are needed to assess the impact of the choice of other environmental 

characteristics for designing zones relevant to other health indicators, and to other 

geographical areas. For example, areas relevant for studying the social and 

environmental detenninants of overweight and obesity may be delimited according to 

the distribution of active living variables and food provision (accessibility of both 

healthy and non-healthy food). For studying mental health outcomes, social 

dimensions of area context, such as social support and opportunities for social 

participation, may be more relevant. It is to be exp,ected that designing zones using 

other indicators of contextual conditions associated with other health outcomes will 

lead to different spatial configuration of area units of analysis. 

Homogeneous zones are designed with the atm of optimising the study of a 

phenomenon or for the purpose of uncovering the aetiology underlying associations 

between area context and health. As such, the configuration of zones should not be 

Viewed as other "spaces" of aCtions for public health and policy interventions. 

Rather, they may be useful for infonning on viable interventions and policy strategies 

that may be health promoting. 

Limitations 

Results of this study should be considered in light of sorne limitations. First, there is a 

seven year time lag (2000 to 2006) between the dates of creation of the different 

datasets used to characterise dissemination areas in tenns of active living potentüll 

and socioeconomic position. Although changes may have occurred during this 
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period, the speed at which changes in the built environment occur is not well 

documented; however over a five-year course, changes in the built environment can 

be expected to be modest. 

Other indicators of active living potential could be examined in designing 

homogeneous areas, such as street connectivity, safety, and accessibility to other 

services or resources such as parks. In this study, the measurement of land use mix 

was dependent on the size of disseminations areas which are defined in part by a 

population size threshold; they are likely to span a 'greater territory when located in 

suburban areas in comparison to urban areas, where population density is higher, and 

therefore encompass more land use. Other scales for measurlng land use mix could 

be considered [47]. 

CONCLUSION 

For studies concerned with the social and environmental determinants of health and 

more specifically of physical activity, results of this study have several implications. 

Delimiting areas is a key conceptual and methodological challenge in research on 

health and place. In this paper, we developed an easy-to-use method for establishing 

homogeneous units of analysis in terms of specific environmental characteristics 

hypothesised to be linked to a specific health indicator. The focus was on active 

living potential of areas and walking behaviours. U sing these homogeneous zones as 

comparison, the objective was te:> assess the soundness of spatial units "of 

convenience", i.e. census tracts, to operationalise contexts for which they were not 

purposely developed. The methods developed in this study add to the growing 

literature on alternative ways to conceptualise and define the boundaries of area units 

for studying the determinants ofhealth. 

Findings showed that although census tracts may be homogeneous along independent 

indicators of active living potential, they were most often characterised by a 
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combination of types of environment that were substantively different in terms of 

their active living potential. For this r~ason, census tracts should be used with caution 

as units of analysis when operationalising active living potential for studying 

determinants of walking. But census tracts or other administratively defined areas 

may be appropriate area units, i.e. may be homogeneous enough, when processës 

hypothesised to be operating on health are linked to the socioeconomic context of an 

area, for example affluence or poverty. 

In this study, zones were delimited for methodological and aetiological purposes with 

the aim of minimising measurement errors of environmental characteristics and 

increasing internaI validity of study design for measuring area effects on health. As 

can be expected, the zones are context-specific and cannot be exported to other 

geographic areas. Rather they are representations of the local realities of processes 

relating environinental characteristics to health. As suggested by others, the 

geographical aspects of the study design should be considered prior to conducting 

analyses [15]. Establishing the soundness of spatial units "of convenience" for 

representing the environmental and spatial processes under investigation should be 

part of the empirical approach for conceptualising, operationalising, and measuring 

area effects on health. 

\ 
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ABSTRACT 

The aim of this study was to examine the contribution of designing homogenous 

spatial units along the exposure of interest for studying area effects on health, using 

the examination of the association between active living potential and walking as an 

example. Zone design ensued from the statistical classification of dissemination areas 

into seven optimal categories of exposure based on similarity along three indicators 

of active living potential: population density, land use mix, and geographical 

accessibility to proximity services. Classifications were then imported into a 

geographical ,information system resulting in the creation of zones which were 

homogenous in terms of categories of exposure. Active living potential and 

socioeconomic indicators were also computed at the census tract level. lndividual 

data on walking behaviours among a sample of 2716 adults aged 45 years and older, 

were riested within 112 census tracts and 270 zones and analysed using two-Ievel and . 
cross-classified multilevel models. Findings show that accessibility to services 

appears to be an important predictor of walking. Although the magnitude of this 

effect is larger at the zone-Ievel, estimates were similar to those observed across 

census tracts. Nonetheless using area units homogenousin exposures increases the 

internaI, validity of the study design and therefore improves the soundness of 

statistical inference. Results of cross-classified models wherein active living and 

socioeconomic exposures were measured in different spatial units, i.e. respectively 

zones and census tracts, draw attention to the diverse overlapping contexts 

influencing walking. Designing spatial units maximising homogeneity of exposures 

is advantageous in aetiological research as it strengthens internaI validity without 

becoming unwieldy. Replication studies in relation to other health indicators are 

required to further assess the value of the novel method for designing zones relevant. 
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INTRODUCTION 

In area effects on health research, although the validity and reliability of ecologic 

exposure measures are being perfected (Cummins, Macintyre, Davidson, & Ellaway, 

2005; Frank, Schnlid, Sallis, Chapman, & Saelens, 2005; Oakes & Rossi, 2003; 

Pearce, Witten, & Bartie, 2006; Raudenbush & Sampson, 1999), defining areas 

remains a challenge that gives tise to conceptual and empirical issues potentially 

challenging the consttuct and internaI validity of studies (Osypuk & Galea, 2007). 

Several authors' have developed novel approaches for con~eptualising and 

operationalising area units (Cockings & Martin, 2005; Frohlich, Potvin, Chabot, & 

Corin, 2002; Haynes, Daras, Reading, & Jones, 2007; Popay, Thomas, Williams, 

Bennett, Gattrell, & Bostock, 2003). These efforts are far too few in comparison to 

studies operationalising areas using administrative spatial. units such as census tracts, 

wards, boroughs, or postcode sectors (Pickett & Pearl, 2001; Riva, Gauvin, & 

Barnett, 2007). These units are useful because they can easily be linked to data from 

censuses and other surveys that· can be used to derive ecologic exposure measures. 

Additionally, as administrative units are often designed to be homogeneous along 

socioeconomic dimensions, they may be appropriate for operationalising 

socioeconomic contexts (Ross, Tremblay, & Graham, 2004). However, other 

contextual dimensions may not be optimally defined and measured within these 

readily available spatial units. 

To date, few studies have explored the soundness of administrative spatial units for 

research on area effects on health (Cockings & Martin, 2005; Haynes et al., 2007). 

For understanding the significance of areas for health, it is important that areas be 

defined in coherence with the specific objectives of the study in terms of health 

indicators, exposures, or their association, is important (Chaix, Leyland, Sabel, 

Chauvin, Rastam, Kristersson et al., 2006; Cummins et al., 2005; Galea & Ahern, 

2006; Gauvin, Robitaille, Riva, McLaren, Dassa, & Potvin, 2007) as these would 

allow for the unbiased measurement of exposure and their influence on health. 
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Toward this end, establishing the validity of spatial units, i.e. the homoge,neity od 

spatial units in the exposures of interest, is a major methodological consideration. 

In a previous study set on the Island of Montreal, Canada (Riva, Apparicio, Gauvin, 

& Brodeur, In Press), we assessed the soundness of census tracts for studying 

associations between walking behaviours and the active living potential of the built 

environment of residential areas, that is the conditions of areas that encourage the 

likelihood of integrating physical activity into daily routines (Gauvin, Richard, Craig, 

Spivock, Riva, Forster et al., 2005). In this latter investigation, active living potential 

was operationalised with three indicators, namely population density, land use mix, 

and geographic accessibility to proximity services. In order to do so, we designed 898 

homogeneous zones characterised by one of seven' categories of exposure resulting 

from the interplays between the three indicators in creating distinct active living 

potentials. Homogeneity of census tracts (n=506 with valid population and 

socioeconomic data) was assessed in comparison to the newly-designed zones. 

We observed that although census tracts were homogenous with respect to 

accessibility to services, they were heterogeneous in terms of population density and 

land use mix. Furthermore, census tracts were most often characterised by a 

combination of categories of exposure that were substantively different from one 

another. That is, more than half of census tracts studied (55.5%) encompassed 

environments with' different levels of active living potential. These results indicate 

that the soundness of census tracts for studying the environmental determinants of 

walking may be limited. Furthermore, measuring active living exposure variables at 

the census tract level may lead to exposure misclassification and misestimation of 

associations therefore threatening the internaI validity of the study design by limiting 

the soundness of inference about area effects on walking. 

In contrast, census tracts were more homogeneous in relation to socioeconomic 

characteristics. However, the distribution of socioeconomic and active living 

exposure variables followed different spatial distributions, suggesting that different 
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spatial units may be relevant for different exposures. In research on area effects, the 

socioeconomic and built environments are often measured within the same spatial 

units, e.g. census tracts, wherein greater homogeneity along socioeconomic 

dimensions is more likely. Findings of this study suggest that the strategy that 

consists of designing area units maximizing homogeneity of exposure variables may 

be appropriate for addressing the methodological challenge of operationalising areas. 

Study objectives 

In order to examine the contribution of designing spatial units homogenous on the 

exposure of interest, the objectives of this study are twofold: 1) in separate multilevel 

models, to examine and compare results of associations between· area-Ievel active 

living potential and walking behaviours when are as are operationalised by the newly­

defined zones and by census tracts; and 2) in cross-classified multilevel models, to 

assess the relative influence of active living potential and socioeconomic exposure 

variables on walking behaviours using different area units that are homogeneous 

along these exposures, respectively zones and census tracts. 

METHODS 

Sampling 

The study area is the Island of Montreal, Canada, an urban centre with 1 812 723 

inhabitants. Individual data on walking behaviour and socio-demographic 

characteristics are from a larger project aimed at understanding the environmental 

determinants of walking in Montreal, Canada (Gauvin et al., 2005; Gauvin, Riva, 

Barnett, Richard, Craig, Spivock et al., 2008). Stratified sampling of participants 

resulted from random samples of census tracts and of individuals within these tracts. 
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At the time of data collection· in 2005, the Island of Montreal was di~ided into 27 

boroughs 1 and 521 census tracts. Because census tracts were unevenly nested within 

boroughs (min=4, max=48 census tracts per borough), they were categorized based 

on tertiles of average household income. A random sample of 20% of tracts within 

each borough strata was selected, with the constraint that at least .two census tracts 

per borough were selected. The final sample comprised 112 census tracts. 

Participants living in the 112 census tracts were randomly recruited by a recognised 

polling firm between February and May 2005. Respondents were invited to 

participate in a twenty-minute telephone interview. There were four eligibility 

criteria: (1) being aged 45 years or oIder; (2) living in one of the 112 census tracts as 

. confirmed by the verification ofthe 6 digit postal code; (3) having lived at the CUITent 

address for at least one year; and (4) being able to respond in either French or 

English. Only one respondent per household participated. A sample of 2923 

(response rate=29.8%) participated in the survey. After listwise deletion due to 

incomplete or missing responses, data from 2716 (92.9%) participants were analysed. 

Individual measures 

Walking. In reseàrch on area effects on health, understanding the environmental 

determinants of walking is receiving increasing attention. Practiced regularly, i.e. 30 

to 60 minutes per day on most days of the week, walking translates into significant 

health benefits (Lee & Paffenbarger, 2000; Pate, Pratt, Blair, Haskell, Macera, 

Bouchard et al., 1995; USDHHS, 1996). When sedentary people become moderately 

active, health benefits increase at a rapid rate and then taper off when peopleadvance 

from being moderately active to very active (USDHHS, 1996). Walking requires low 

level of exertion, imposes few barri ers (time, monetary, or accessing facilities); it is 

the most common type of physical activity across all age, income, and ethnic group 

(King, Brach, Belle, Killingsworth, Fenton, & Kriska, 2003; Siegel, Brackbill, & 

1 1. As of January 2006, following merginglde-merging of boroughs into one mega-city of Montreal, 
there are 15 municipalities on the Island of Montreal, in addition to the municipality of Montreal 
which includes 19 boroùghs; www.ville.montreal.gc.ca 
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Heath, 1995). For these reasons, promoting regular walking is one strategy to address 

the public health burden of physical inactivity (Transportation Research Board and 

Institute of Medicine of the National Academies (TRB & IOM), 2005; United States 

Department of Health and Human Services (USDHHS), 1996; World Cancer 

Research Fund / American Institute for Cancer Research (WCRF / AICR), 2007). 

Walking was assessed using questions from the International Physical Activity 

Questionnaire, a 7 item questionnaire with good test-retest reliability (r=0.80) and 

moderate convergent validity(r=0.30) with accelerometers (Craig, Marshall, 

Sjostrom, Bauman, Booth, Ainsworth et al., 2003). Respondents indicated on how 

many days they walked for any motive (e.g., walking to get around, to maintain 

health) for at least 10 minutes at a time in the previous 7 days. Those who walked on 

at least one day were asked to estimate the amount of time per day spent walking. 

Additional questions addressed walking for recreational purposes. Participants who 

reported walking during the previous week were asked to indicate if any walking 

episodes were performed specifically to maintain health/fitness. Those responding 

affirmatively were asked to estimate the number of days and typical duration. Total 

weekly minutes of walking for any motive and for recreational purposes were 

computed by multiplying number of minutes walked per day by the number of days 

of walking. We created a residual walking variable, walking for utilitarian purposes, 

defined by subtracting the total weekly minutes of recreational walking from that of 

walking for any motive. Although it would have been ideal to address a set of 

questions specifically on utilitarian walking in the telephone interview, pilot testing 

showed that such questioning 'over the telephone was unwieldy and resulted in 

participant confusion. 

From these variables, three dependent variables were computed: the number of 10-

minute episodes of walking for any motive, for recreational reasons, and for 

utilitarian purposes as obtained by dividing by ten the total weekly minutes of 

walking for each motive. These measures were selected because of studies showing 



101 

health benefits when people accumulate bouts of 10 minutes of physical activity 

throughout the day (USDHHS, 1996). 

Individual socio-demographic characteristics. Potential individual so~io-demographic 
. , 

confounders accounted for wer~ sex, age, and educational attainment from which· 

dummy variables were created. Age was computed from participants' reported birth 

yearand re-categorized as between 45 and 54 years, 55 to 64, or 65 years and older. 

Participants reported their highest academic degree: less than high school, high 

school diploma, trade diploma or college diploma, and university degreé completed. 

Active living potential exposure variables and zone design 

Zones homogeneous along active living potential were. designed based on the spatial 

distribution of three exposure variables linked to the concept of density of 

destinations, i.e. the physical and social characteristics of residential areas related to 

land use patterns (Gauvin et al., 2005), namely population density, land use mix, and 

accessibility to services (Riva et al., In Press). These variables were selected because 

they were observed to be significant predictors of increased levels of walking in 

several studies (Cervero, 1996; De Bourdeaudhuij, Sallis, & Saelens, 2003; Fisher, 

Li, & Michael, 2004; Frank & Pivo, 1995; Frank et al., 2005; Gauvin et al., 2008; 

Giles-Corti, Broomhall, Knuimah, & al., 2005; Giles-Corti & Donovan, 2002a, b; 

Humpel, Owen, Leslie, Marshall, & Bauman, 2004; C. Lee & Vernez Moudon, 2006; 
( . 

Li, Fisher, Btownson, & Bosworth, 2005; Owen, Humpel, Leslie, Bauman, & Sallis, 

2004; Pikora, Giles-Corti, Knuiman, Bull, Jamrozik, & Donovan, 2006; Saelens, 

Sallis, & Frank, 2003). 

In a first step, values for population density (total number of residents / km2
), land 

use mix, and geographical accessibility to selected proximity services were computed 

at the dissemination area level (DAs; n=3206) using ArcGIS 9.2 (ESRI, 2006). 

Dissemination are as were used as building blocks because they are the smallest 

standard geographic area for which Canadian cens us data are available. Land use mix 
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was computed usmg an entropy index (Theil, 1972; Theil & Finezza, 1971) 

measuring diversity of a component, e.g. land use, within a spatial unit. Geographical 

accessibility (hereafter referred to as accessibility) to proximity services, i.e. to 

supermarkets, pharmacies, banks, and libraries, was defined by thenumber of these 

services within a one kilometre network buffer .(radius delimited by. the road 

network) computed from ~he centroid of cènsus blocks comprised within any one DA 

(this was done to minimise aggregation errors); values were averaged to the DA­

level. Using K-means statistical clustering, the 3206 DAs were optimally classified 

into seven distinct homogeneous "categories of exposure". The approach was 

successful in maximising both differences across the seven categories of exposure . 

and similarity of DAs within one category, i.e. within-cluster homogeneity. The 

càtegorles of exposures were then mapped into ArcGIS 9.2, leading to the delineation 

of 898 homogeneous zones characterised by one of the seven categories of exposure. 

The seven categories of exposure èncompassed more suburban to more central urban 

types of built environments defined by different values for population density, land 

use mix, and accessibility to services; the categories of exposures are described in 

Figure 1. Zones characterised by more suburban contexts were on average larger and 

had relative1y smaller population counts than central urban zones. Low-density and 

mid-density suburban areas are characterised by lower vaiues for population density 

and accessibility to services, whereas diverse central urban are as and central urban 

areas with very good accessibility to services are "more densely populated and have 

greater access to services than any other categories of exposures .. 

Analyses were conducted on a sample of 270 zones (30.1%) wherein the 2716 

individuals were geocoded (using their six-digit postal codes and match up files). The 

seven categories of exposure were the main exposure variables and were modelled as 

dummy variables; low-density suburban zone was the reference category. Zone-Ievel 

socioeconomic context was also computed whereby dissemination area data on the 

proportion of people aged 20 years and older with university degree (2001 Canadian 

census) were aggregated at the zone-Ievel (Statistics Canada). Zones were 
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Figure 1. Zones and categories of exposure 

Standardised mean values of exposure variables for each category 
2,---~----~----~-----~----~----~ ____ ~~ 

B 

-3 

Zones Area 

Description of categories of exposure N % km2 % 

[El Low-<lensity Suburban areas characterised by lowest population density, land use . 31 3.5 2222 45.5 
suburban diversily, and low accessibilily 10 services 

Middle-<lensity Suburban areas charac!erised by low population density, land use 104 116 75.2 15.4 
suburban homogeneity and weak accessibility 10 services 

Suburbanl Suburban and urban area!! characterised by low population density, 146 16.3 83.7 17.1 
urban axial land use diversity and weak accessibility to services. Located close 

to main street axis 

ID Mix urban! Suburban and urban areas with averalle values Of!OPUlation density, 243 27.1 41.0 8.4 
suburban land use mix, and acœssibility to services. Locate mainly in the 

central and eastern part of the island 

BI Urban Urban areas with hinhest population densi:t', land use homogeneity, . 212 23.6 17.1 3.5 
residential and weak acœssibi ity to services. Locate mainly in peripheral 

residential areas to central urban areas .. Diverse Urban areas charac!erised average population density, land use 85 9.5 32.6 6.7 
central urban diversity, and good acœssibility 10 services 

iii 
Central urban Urban areas with hir population densilY, land use homogeneity, 77 8.6 16.5 3.4 
withhigh and highest acœssi ility to services. Located mainly in central areas 
accesslbility of the Island of Montréal 

898 100.0 488.3 100.0 
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categorised in tertiles from which dummy variables were created; lower and higher 

tertiles of proportion of university graduates were contrasted to the middle tertile. 

Census tracts 

Census tracts are small, relatively stable geographic areas with population ranging 

between 2500 and 8000 persons and located within large cities having an urban core 

population of 50 000 or more. Census tracts are designed to be homogeneous in terms 

of socioeconomic characteristics, e.g. similar economic status and social living 

conditions (Statistics Canada Census Operations Division, 2003). 

Measures of population density, land use mix, and. accessibility to serVIces were 

computed at the census tract level using the same approach as described above. 

Census tracts were categorised in tertiles from which dummy variables were created; 

the lower tertih~ was the reference category. 

Census tract data pertaining to the proportion of persons with a university education 

were obtained from the 2001 Canadian census (Statistics Canada). The 112 census 

tracts were categorised in tertiles from which dummy variables were created; lower 

and higher tertiles of proportion of university graduates were contrasted to the middle 

tertile. 

Statistical analyses 

To examine and compare the predictive value of active living potential measured at 

the zone and census tract levels, three sets of multilevel analyses were performed. 

First to reflect conventional analyses procedures, we examined associations between 

active living and socioeconomic exposure variables and walking in a two-Ievel model 

wherein individuals were nested within census tracts. Second, the same associations 

were examined with individuals nested within zones homogeneous in terms of the 

exposure of interest. Finally, to disentangle the relative influence of active living 
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potential and socioeconomic status, data were analysed in cross-classified multilevel 

models. In these models, individuals were nested within two sets of overlapping area 

units operationalising different contexts: zones that were homogeneous in terms of 

active living potential and census tracts that are homogeneous along socioeconomic 

dimensions related to education. 

Cross-classified analyses are more coherent with the structure of our spatial datasets. 

In our sample of 270 zones, 82.6% (n=223/270) straddled more that one census tracts 

(Figure 2). The spatial datasets were not hierarchically structured - rather they were 

crossed. As a result individuals living in the same specifie zone could be exposed to 

different socioeconomic environments, or individuals living within the same specifie 

socioeconomic environment may be exposed to a different active living potential. 

Since walking behaviours could plausibly be . influenced by both dimensions, 

assessing their independent effects is pertinent. 

Figure 2. Proportion of zones straddling different number of census tracts 
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For the three series of multilevel analyses, the mbdelling procedures followed a step­

up approach. Null (unconditional) models were first performed to partition variance 

in the number of 10-minute walking episodes between individuals, census tracts, and 

zones. Associations between active living potential, socioeconomic status, and 

walking were estimated from three successive models: Model 1: Model with main 

exposure variables, i.e. the three active living exposure variables for census tracts, 

and the sevencategories of exposure for zones; Model 2: Model with main exposure 

variables and area-Ievel socioeconomic variable; Model 3: Model with main 

exposure variables and area-Ievel socioeconomic variable, adjusted for the 

characteristics of individuals, to examine if associations between area-Ievel factors 

and walking behaviour were attenuated by controlling for individual characteristics. 

Associations between the number of events, i.e. 10-minute episodes of walking, and 

active living potential and socioeconomic status are reported by event rate ratios 

(ERR) and 95% confidence intervals (95% CI). Data were analysed using the Poisson 

sampling model and the log link function for count data with constant exposure 

(exposure corresponds to zones; for every resident of a zone, the exposure is the 

same) and adjusted to account for overdispersion (under the Poisson model,. the 

variance and the mean are expected to be equal; in our data, variance was greater than 

the mean). Analyses were conducted in HLM software version 6.04 (Raudenbush, 

Bryk, & Congdon, 2005). 

RESULTS 

Description of individual, zone, and census tract samples 

The individual sample included 1678 women (61.8%) 'and 1038 men (38.2%). 

Individuals aged between 45 and 54 years accounted for 28.7% of the sample, those 

55 to 64 years for 34.7% whereas individuals aged 65 years and oIder represented 

36.6%. About one third of the sample had completed university (31.4%) whereas 

23.2% did not complete high school. 
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Average sample sizes withi~ zones was 10 individuals (median 6; standard deviation: 

12.4); 43.0% of zones comprised less than 5 individuals. In zones including five or 

more individuals, the proportion of individuals with annual household income below 

. $20 000, with less than high school education, and with university education were 

correlated at 0.57 (p<0.01), 0.61 (p<0.01), and 0.72 (p<0.01) respectively with 

corresponding indicators obtained from Statistics Canada generated for each zone. 

This suggests that the within-zone (individual) sample is similar to the population 

living in these zones. 

Zones were on average larger than census tracts (1.28 km2 vs. 0.82 km2
), but this 

difference was not statistically significant (t=0.78; p=0.438). Zones and census tracts 

were also similar in terms of average population counts (3903 individuals in zones 

vs. 3715 in census tracts; t=0.304; p=0.761). Yet in comparison to census tracts, there 

was greater variability in zones in area size (F=3.64; p=0.057) and in population 

counts (F=29.61; p<O.OOl). 

In terms of variation in exposure variables across and within the 112 census tracts, a 

greater proportion of variation in accessibility to services was attributable to 

differences between census tracts (83.7%), although for population density (57.1 %) 

and land use mix (79.3%) there was greater within-census tract variability, suggesting 

. that overall, tracts are heterogeneous along active living exposure variables. 

However, cens us tracts were homogeneous in tenUs of the proportion of university 

graduates, where a greater portion of the variation was attributable to difference 

between cens us tracts (76.4%). In terms of categories of exposures, the 112 cens us 

tracts were heterogeneous: about 45.5% of tracts encompassed one or two categories 

of exposures, 31.3% encompassed three, and 23.2% were characterised by four or 

five different categories of exposures (results not shown" see Riva et aL, In review). 
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Results of unconditional two-level and cross-classified multilevel models 

Results of unconditional two-Ievel and cross-classified models are shown in Table 1. 

In two-Ievel models, walking for any motive significantly varied across census tracts 

(p<0.05) whereas for utilitarian walking there was greater variation across zones than 

across census tracts (p<O.Ol), although both variations were statistically significant. 

Whereas across aIl spatial units the average number of utilitarian walking episodes 

was 15 per week, these episodes varied between 8 and 29 across census tracts and 

between 7 and 35 across zones (as calculated from the plausible value range) 

(Raudenbush & Bryk, 2002). 

Cross-dassified unconditional models part!tion total variation in walking episodes 

between individuals and between level-2 units, which is the suin of variation between 

zones and between cens us tracts. As shown in Table 1, partitioning of variation in the 

number of 10-minute episodes of walking for any motive and for utilitarian reasons 

was significant across census tracts only. However, the extent of this variation 

warrants further attention. As observed in the two-Ievel zone model, a greater 

proportion of level-2 variation in utilitarian walking was attributable to differences 

between zones (63.9%) rather than to census tracts (36.1 %). The non significance of 

this variation in the cross-dassified model likely relates to the srnall individual 

sample sizes in zones. 

Recreational walking did not vary significantly across census tracts or zones, in either 

two-Ievel or cross-dassified models. 



Table 1. Results of unconditional two-level and cross-classified multilevel models ptedicting the number of IO-minute walking 
episodes for any motive, utilitarian purposes, and recreational reasons 

Variance partitioning Walking for any motive 
Census tracts 
Variance component 

2 
cr individuals 3.12 
Lcensus tracts 0.0003 
t (dt); p-value 142.40 (111); 0.024 
% variation attributab1e to census tracts 0.01 
Zones 
Variance component 

2 
cr individuals 3.12 
Lzones 0.0002 
X

2 (dt); p-value 292.35 (269); 0.157 
% variation attributable to zones 0.01 
Cross-classified model 
Variance component 

2 
cr individuals 2.79 
Lcensus tracts 0.031 
t (dt); p-value 142.10 (111); 0.025 
Lzones 0.016 
X2 (dt); p-value 273.21 (269); 0.417 
% variation attributable to level-2 units 1.66 
(zones and census tracts) 
% variation across level-2 units 65.96 
attributable to census tracts 
% variation across level-2 units 34.04 
attributab1e to zones 

Utilitarian walking 

5.56 
0.099 
157.27 (111); 0.003 
1.75 

5.13 
0.169 
326.49 (269); 0.009 
3.19 

4.89 
0.068 
140.52(111); 0.030 
0.121 
294.23 (269); 0.139 
3.72 

35.98 

64.02 

Recreational walking 

5.31 
0.004 
123.69 (111); 0.194 
0.08 

5.29 
0.006 
215.58 (269); > 0.500 
0.11 

5.21 
0.006 
123.29 (111); 0.200 
0.005 
215.23 (269); > 0.500 
0.21 

54.55 

45.45 

...... 
o 

'" 
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Results of multilevel associations between area-level active living potential and 

wa1killg when areas are operationalised by census tracts vs. zones 

Results of two-Ievel multilevel models for census tracts and zones are presented in 

Tables 2 and 3 respectively. Residents of census tracts categorised in the higher 

tertile of accessibility to services reported significantly (p<0.05) more 10-minute 

episodes of walking for any motive (event rate ratio [ERR]: ERR: 1.38; 95% 
, ' 

Confidence interval [95%CI]: 1.12, 1.72) and for utilitarian purposes (ERR: 1.58; 

95%CI: 1.11, 2.23). Adjusting models for census tract socioeconomic variable and 

ihdividual characteristics marginally attenuated associations which remained 

statistically significant. Land use mix and population density were not associated 

with any type of walking. In final models (Mo deI 3), a greater proportion of 

university graduates in the census tract was significantly associated with more 

walking episodes for any motive (ERR: 1.23; 95%CI: 1.04, 1.46) and for utilitarian 

purposes (ERR: 1.32; 95%CI: 1.01, 1.72). 

Across zones (Table 3), residing in diverse and high accessibility central urban zones 

was associated with more episodes of walking for any motives and for utilitarian 

purposes. Specifically, in fullyadjusted models and in comparison to residents of 

low-density suburban zones, residents of central urban zones with high accessibility 

reported more 10-minute episodes of walking' for any motive (ERR: 1.48; 95%CI: 

1.02,2.14) and for utilitarian purposes (ERR: 1.98; 95%CI: 1.02,3.86). Residents of 

diverse central urban zones were also more likely to cumulate more episodes of 

utilitarian walking (ERR: 1.93; 95%CI: 1.01, 3.71). Zone-Ievel proportion of 

university graduate was only marginally associated with more episodes of walking 

for any motive (ERR: 1.16; 95%CI: 0.99, 1.37). 

None of the census tract and zone level exposure variables was associated with . ' 

recreational walking, for this reason results were not presented in the tables. 



Table 2. Results of cens us tract models predicting the number of lO-minute walking episodes for any motive and utilitarian 
purposes as a function of active living and socioeconomic area exposures 

Census tracts 
Fixed effects 
Population density 
Lower tertile 
Mid tertile 
Higher tertile 
Land use mix 
Lower tertile 
Mid tertile 
Higher tertile 
Accessibility of services 
Lower tertile 
Mid tertile 
Higher tertile 
Proportion of university 
graduates 
Lower tertile 
Mid tertile 
Higher tertile 

Walking for any motive 
Model 1 li Model 2 b 
ERR (95% CI) d ERR (95% CI) d 

1.00 
0.88 (0.72, 1.08) 
0.88 (0.70, 1.10) 

1.00 
1.04 (0.87, 1.23) 
1.09 (0.90, 1.31) 

1.00 
1.04 (0.85, 1.27) 
1.38 (1.12, 1.72)* 

1.00 
0.92 (0.75,1.13) 
0.94 (0.75,1.19) 

1.00 
1.05 (0.88, 1.25) 
1.13 (0.93, 1.37) 

1.00 
1.04 (0.85, 1.27) 
1.33 (1.07, 1.65)* 

0.96 (0.81,1.14) 
1.00 
1.20 (1.01,1.41)* 

a Model 1: Model with main exposure variables. 
b Model 2: Model with main exposure and socioeconomic variables. 

Model3 c 
ERR (95% CI) d 

1.00 
0.95 (0.77, 1.16) 
0.98 (0.79, 1.24) 

1.00 
1.05 (0.88, 1.24) 
1.15 (0.95, 1.39) 

1.00 
1.05 (0.87, 1.28) 
1.32 (1.06, 1.63)* 

0.96 (0.82, 1.14) 
1.00 
1.23 (1.04, 1.46)* 

Utilitarian walking 
Modell a 
ERR (95% CI) d 

1.00 
0.91 (0.65, 1.26) 
0.83 (0.58, 1.20) 

1.00 
1.05 (0.79, 1.39) 
1.15 (0.85, 1.55) 

1.00 
1.03 (0.75, 1.43) 
1.58 (1.11, 2.23)* 

c Model3: Model with main exposure and socioeconomic variables, adjusted for age, sex, education. 
d ERR (95%CI): Event rate ratio and 95% confidence intervals . 
• p < 0.05; t P < 0.10. 

Model2 b 
ERR (95% CI) d 

1.00 
0.98 (0.70, 1.36) 
0.93 (0.64, 1.35) 

1.00 
1.07 (0.81,1.41) 
1.20 (0.89, 1.62) 

1.00 
1.02 (0.73, 1.40) 
1.46 (1.04, 2.07)* 

0.96 (0.74, 1.26) 
1.00 
1.28 (0.98, 1.67)t 

Model3 c 
ERR (95% CI) d 

1.00 
1.01 (0.73, 1.39) 
0.98 (0.68, 1.42) 

1.00 
1.06 (0.81, 1.40) 
1.24 (0.93, 1.67) 

1.00 
1.05 (0.76, 1.44) 
1.46 (1.04, 2.05)* 

0.97 (0.75, 1.26) 
LOO 
1.32 (1.01, 1.72)* 

....... 

....... 

....... 



Table 3. ResuUs of zones models predicting the number of IO-minute walking episodes for any motive and utilitarian purposes 
as a function of active living and socioeconomic area exposures 

Zones 
Fixed effects 
Categories of exposure in 
zones 
Low-density suburban 
Middle-density suburban 
Suburban / "urban axial 
Mix urban / suburban 
Urban residential 
Diverse central urban 
Central urban with high 
accessibility 
Proportion of university 
graduates 

Walking for any motive 
Modell a Model2 b 
ERR (95% CI) d ERR (95% CI) d 

1.00 1.00 
1.03 (0.70, 1.52) 1.00 (0.68, 1.48) 
0.95 (0.65, 1.39) 0.98 (0.67, 1.43) 
1.02 (0.70, 1.48) 1.07 (0.73, 1.56) 
0.91 (0.61, 1.36) 0.97 (0.64, 1.46) 
1.19 (0.82, 1.72) 1.21 (0.83, 1.75) 
1.40 (0.96, 2.04)t 1.43 (0.98, 2.09)t 

Lower tertile 1.01 (0.84, 1.21) 
Mid tertile 1.00 
Higher tertile 1.16 (0.98, 1.37)t 

a Model 1: Model with main exposure variables. _ 
b Model 2: Model with main exposure and socioeconomic variables. 

Model3 c 
ERR (95% CI) d 

1.00 
0.98 (0.67, 1.44) 
1.01 (0.70, 1.47) 
1.09 (0.76, 1.58) 
0.99 (0.66, 1.48) 
1.25 (0.87, 1.80) 
1.48 (1.02, 2.14)* 

1.01 (0.85, 1.21) 
1.00 
1.16 (0.99, 1.37)t . 

c Mode! 3: Model with main exposure and socioeconomic variables, adjusted for age, sex, education. 
d ERR (95%CI): Event rate ratio and 95% confidence intervals . 
• p < 0.05; t P < 0.10. 

Utilitarian walking 
Modell a 
ERR (95% CI) d 

1.00 
1.27 (0.64, 2.52) 
1.12 (0.57, 2.19) 
1.36 (0.70, 2.62) 
1.16 (0.58, 2.32) 
1.82 (0.94, 3.53)t 
1.99 (1.01, 3.92)* 

Model2 b 
ERR (95% CI) d 

1.00 
1.24 (0.62, 2.45) 
1.17 (0.60, 2.28) 
1.43 (0.74, 2.77) 
1.23 (0.61, 2.47) 
1.87 (0.97, 3.60)t 
1.99 (1.02, 3.89)* 

1.07 (0.81, 1.43) 
1.00 
1.23 (0.94, 1.61) . 

Model3 c 
ERR (95% CI) d 

1.00 
1.15 (0.58, 2.27) 
1.16 (0.60, 2.25) 
1.42 (0.74, 2.71) 
1.21 (0.61,2.41) 
1.93 (1.01, 3.71)* 
1.98 (1.02, 3.86)* 

1.08 (0.81, 1.44) 
1.00 
1.22 (0.93, 1.60) 
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Assessing the relative influence of. area-level active living potential and 

socioeconomic status on walking in cross-classified multilevel models 

Results of cross-classified associations between active living potential and 

socioeconomic status and walking behaviours are presented in Table 4. Active living 

potential was significantly associated with walking for any, recreational, and 

utilitarian motives. Residents of central urban zones with high accessibility to 

services reported a weekly average of 33 10-minute episodes of walking for any 

motive per week (ERR: 1.42; 95%CI: 0.96, 2.11), in comparison to 23 episodes 

among residents of low-density suburban zones. People living in diverse and high 

accessibility central urban zones respectively cumulated on average 20 episodes 

(ERR: 1.80; 95%CI: 0.96, 3.38) and 22 episodes per week (ERR: 1.98; 95%CI: 1.03, 

3.78) compared to Il episodes in low-density suburban. zones. In contrast, residents 

of diverse central urban zones were marginally less likely (p=0.057) to walk for 

recreational purposes in comparison to residents of low-density suburban zones 

(ERR: 0.66; 95%CI: 0.43, 1.01). 

Adjusting models for the effect of the socioeconomic status of census tract (Model 2) 

and individual characteristics (Model 3) had marginal influence on the effècts of the 

built environment on walking. In the final models, a greater proportion of university 

graduates in the census tract was positively associated with walking for any (ERR: 

1.25; 95%CI: 1.06, 1.49), utilitarian (ERR: 1.33; 95%CI: 1.04, 1.71), and recreational 

(ERR: 1.24; 95%CI: 1.01, 1.54) motives. 



114 

Table 4. Results of cross-cIassified multilevel models predicting the number of 
IO-minute walking episodes for any motive, utilitarian purposes, and 
recreational reasons as a function of active living and socioeconomic area 
exposures 

Walking for any motive 
Categories of exposure in zones 

Low-density suburban 
Middle-density suburban 
Suburban / urban axial 
Mix urban / suburban 
Urban residential 
Diverse central urban 
Central urban with high 
accessibility 

Proportion of university 
graduates in census tracts 

Lower tertile 
Middle tertile 
Higher tertile 

Utilitarian walking 
Categories of exposure in zones 

Low-density suburban 
Middle-density suburban 
Suburban / urban axial 
Mix urban / suburban 
Urban residential 
Diverse central urban 
Central urban with high 
accessibility 

Proportion of university 
graduates in census tracts 

Lower tertile 
Middle tertile 
Higher tertile 

Recreational walking 
Categories of exposure in zones 

Low-density suburban 
Midd le-density suburban 
Suburban / urban axial 
Mix urban / suburban 
Urban residential 
Diverse central urban 
Central urban with high 
accessibility 

Proportion of uni versity 
graduates in cens us tracts 

Model.· 
ERR (95% CI) d 

1.00 
1.03 (0.69, 1.53) 
0.94 (0.64, 1.39) 
1.03 (0.71,1.52) 
0.93 (0.61,1.40) 
1.19 (0.81,1.75) 
1.42 (0.96, 2.11) t 

ERR (95% CI) d 

1.00 
1.27 (0:66, 2.45) 
1.14 (0.60, 2.16) 
1.35 (0.72,2.54) 
1.17 (0.60, 2.28) 
1.80 (0.96, 3.38)t 
1.98 (1.03, 3.78)· 

ERR (95% CI) d 

1.00 
0.78 (0.51, 1.21) 
0.77 (0.50, 1.17) 
0.76(0.50,1.15) 
0.70(0.44,1.11) 
0.66 (0.43, 1.01)t 
0.86 (0.55, 1.33) 

Model2 b 

ERR (95% CI) d 

1.00 
0.98 (0.66, 1.46) 
0.93 (0.63, 1.36) 
1.04 (0.71,1.52) 
0.95 (0.63, 1.43) 
1.16 (0.80, 1.70) 
1.37 (0.93, 2.02) 

1.01 (0.84, 1.20) 
1.00 
1.23 (1.04, 1.46)· 
ERR(95% CI) d 

1.00 
1.23 (0.65,2.36) 
1.14 (0.61, 2.14) 
1.38 (0.75,2.58) 
1.21 (0.63,2.35) 
1.77 (0.95, 3.30)t 
1.91 (1.01,3.61)· 

1.03 (0.80, 1.34) 
1.00 
1.30 (1.01,1.68)· 
ERR (95% CI) d 

1.00 
0.73 (0.47, 1.13) 
0.74 (0.49, 1.13) 
0.76(0.50,1.15) 
0.72 (0.45, 1.14) 
0.64 (0.41, 0.98)* 
0.82 (0.53, 1.27) 

Model3 C 

ERR (95% CI) d 

1.00 
0.97 (0.65, 1.44) 
0.95 (0.65, 1.39) 
1.07 (0.73, 1.55) 
0.97 (0.65, 1.46) 
1.22 (0.84, 1.78) 
1.42 (0.97, 2.09)t 

1.02 (0.86,1.21) 
1.00 
1.25 (1.06, 1.49)· 
ERR (95% CI) d 

1.00 
1.16 (0.61, 2.22) 
1.14 (0.61, 2.13) 
1.39 (0.75, 2.57) 
1.20 (0.62, 2.31) 
1.87 (1.00, 3.47)· 
1.92 (1.02,3.65)· 

1.06 (0.82, 1.36) 
1.00 
1.33 (1.04, 1.71)· 
ERR (95% CI) d 

1.00 
0.75 (0.49, 1.16) 
0.75 (0.50, 1.13) 
0.78 (0.52, 1.17) 
0.76 (0.49,1.19) 
0.65 (0.43, 0.99)· 
0.86 (0.56, 1.31) 

Lower tertile 0.95 (0.77,1.19) 0.95 (0.77, 1.18) 
Middle tertile 1.00 1.00 
Higher tertile 1.20 (0.97, 1.49)t 1.24 (1.01, 1.54)* 

a Model 1: Model with main exposure variables; b Model 2: Model with main exposure and socioeconomic variables; 
c Model 3: Model with main exposure and socioeconomic variables, adjusted for age, sex, education. 
d ERR (95%CI): Event rate ratio and 95% confidence intervals. • p < 0.05; t P < 0.10. 
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DISCUSSION 

In order to examine the contribution of designing homogenous spatial units along the 

exposure of interest, the objectives of this study were: 1) to examine and compare the 

predictive value of active living potential operationalised at the cens us tract and zone 

levels; and 2) in cross-classified multilevel models, to assess the relative influence of 

active living potential and socioeconomic exposure variables on walking behaviours 

using different area units that are homogeneous along these exposures, respectively 

zones and census tracts. These objectives were pursued in light of previous research 

showing that the construct validity of census tracts for delimiting areas in relation to 

active living potential exposures variable may be limited, therefore threatening the 

internaI validity of studies examining area effects on walking at this level of analysis. 

By design zones homogeneous along active living potential and examining 

associations between this exposure and walking behaviour at this level, the internaI 

validity of the study is increased given the limited biases related to exposure 

misclassification and association misestimation. 

As in othei studies, greater geographical accessibility to proximity services was an 

important determinant of walking (De Bourdeaudhuij et al., 2003; Giles-Corti & 

Donovan, 2002b; Humpel, Owen, Leslie, Marshall, Bauman, & Sallis, 2004; Krizek 

& Johnson, 2006; Tilt, Unfried, & Roka, 2007). Greater accessibility at the census 

tract level was associated with more episodes of walking for any motive and for 

utilitarian purposes. Zones characterised by the highest values of acce~sibility to 

proximity services in conjunction with higher population density (high accessibility 

central urban zones) and greater land use mix (diverse central urban zones) were 

associated with greater involvement in walking for any motive and for utilitarian 

purposes. 

Although the magnitude of the association between active living potential and 

walking was greater in the zone model, estimates were similar to those obtained in 

the census tract models. This was expected given the relative homogeneity of census 
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tracts along accessibility to services. Nonetheless, using area units homogenous along 

exposures increases the internaI validity of the study design and therefore improves 

the soundness of statistical inference. 

In census tract models, population density and land use mix (more heterogeneous 

within these spatial units) were not associated with walking. Results provide sorne 

support for previous research reporting associations between residential density and 

different types of walking (utilitarian vs. recreational), but not with the amount of 

walking (Forsyth, Oakes, Schmitz, & Hearst, 2007). In the current study, the 

measurement of land use mix was dependent on the size of dissemination areas which 

are defined in part by a population threshold; they are likely to span a larger territory 

and therefore encompass more 'land uses when located in suburban areas as 

population density is lower in the se types of areas.' Although this was not a problem 

for designing zones given that dissemination areas were classified based on their 

statistical similarity and spatial contiguity, in studies wherein land use mix is used as 

a predictor of walking behaviours, it should be measured at scales others than those 

defined by a population threshold (Frank et al., 2005). 

The cross-classified multilevel model allowed for the estimation of the distinct 

influence of active living potential and socioeconomic status on walking behaviours. 

Results showed that when exposure is operationalised by appropriate area units, i.e. 

zones homogeneous along active 'living potential and census tracts homogeneous 

along socioeconomic status, both exposures were significantly associated with 

walking for any, utilitarian, and recreational motives. These results reveal that the 

different dimensions of residential areas influencing walking behaviours operate at 

diverse spatial scales which maybe overlapping rather than hierarchically nested 

within one another. 

Finally; the results draw attention to the specificity of certain environmental contexts 

for influencing walking. Zones were designedbased on attributes of the built 

environment potentially supporting greater involvement in utilitarian walking; these 
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attributes may not be relevant for fostering greater recreational walking in the 

population. Indeed, findings showed that diverse central urban zones conducive to 

mote episodes of utilitarian walking were less conducive to recreational walking than 

low-density suburban zones. This suggests that specific environmental features may 

be associated with different motives for walking. In addition, recreational walking 

may be influenced by other dimensions of environments not ,examined in this study, 

such as accessibility to public open spaces and parks, safety from traffic and crime, 

and aesthetics of the surroundings (Giles-Corti et al., 2005; Li et al., 2005; Owen et 

al., 2004; Sallis, Cervero, Ascher, Henderson, Kraft, & Kerr, 2006). 

Increasing non-motorised geographical accessibility of proximity services should not 

be seen as the driving force of public health policies aiming at increasing active 

living in the population and reducing trends in overweight and obesity. Features of 

the built environment are often correlated to create distinct area contexts, as was 

illustrated by the seven "categories of exposure". Rather, what seems to emerge from 

the zone-Ievel model is the significance of density: density of destinations accessible 

by foot, density of population, and mixed land uses. Future natural experiment 

studies are needed to explore the potential causal role of increasing densities in the 

community and level of walking. 

Strengths and limitations 

Zones were delimited for methodological and aetiological purposes with the aim of 

limiting measurement errors and increasing internaI validityof the study design. For 

this, designing homogeneous zones limits the external validity of the study, where 

generalisability to other contexts is limited, for example residential neighbourhoods 

and. spaces of action of public health which are not likely to be homogeneous with 

respect to exposures. 

Results are subject to limitations due to sampling procedures and statistical power. A 

representative sample of respondents was randomly selected within the 112 census 



118 

tracts. Zones were designed independently of this sampling. Small individu al sample 

sizes in zones may influence .estimation of effect sizes. As this study was a pilot 

investigation to assess the feasibility and added-value of designing homogeneous 

zones for studying environmental determinants of health, future studies should 

endeavour to define homogeneous zones a priori, and then randomly sam pIe 

participants within homogeneous and contrasting zones. The cross-sectional design 

of the study prevents from ascertaining whèther characteristics of the built and social 

environments were the catalyst for walking orwhether persons involved in greater 

amounts of walkirtg chose to live in environments with greater active living potential. 

Longitudinal studies, wherein change over time in both individual walking 

behaviours and environments, are warranted. Finally, another limitation of the study 

has to do with self-reported minutes of walking and disentangling recreational and 

utilitarian walking. 

CONCLUSION 

Findings of the study suggest that designing spatial units maximising homogeneity of 

exposures is advantageous to defining are as as it strengthens internaI validity without 

becoming unwieldy. Replication studies are required to further assess the value ofthe 

novel method for designing zones relevant to other health indicators. For public 

health, the relevance of homogeneous zones lies in their design which allows for the 

optimal identification of environmental determinants of a given health indicator in 

order to inform interventions aiming at modifying areas to create supportive 

environments for health. It also draws attention to the need to inventory and 

investigate different area attributes potentially influencing health as part of the 

surveillance function of public health. 
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DISCUSSION 

Par un rappel des principaux résultats de la thèse, rappel qui est structuré selon les 

deux objectifs spécifiques de recherche, ce dernier chapitre propose une prise de 

position sur la question de recherch~, c.-à-d. l'apport de la création d'unités spatiales 

homogènes au niveau de l'exposition d'intérêt pour formuler des inférences sur les 

effets de milieux sur la santé. Cette discussion mène à la proposition d'un schéma 

décisionnel pour guider l' opérationnalisation du milieu. Par la suite, les forces et les 

limites du projet de doctorat sont mises en relief, des avenues pour des recherches 

futures sont proposées et la portée des résultats pour la recherche et l'intervention en 

santé publique et en promotion de la santé est discutée. 

Synthèse et signification des résultats 
!. 

Homogénéité des secteurs de recensement et création des zones 

Le deuxième article a permis d'évaluer le degré d'homogénéité des secteurs de 

recensement au niveau 1) des trois indicateurs du potentiel de vie active et 2) des 

catégories d'exposition correspondant à des potentiels de vie active différents. Dans 

un premier temps, les résultats indiquent que, alors que les secteurs sont homogènes 

en termes d'accessibilité aux services (la variabilité inter-secteur est de beaucoup 

supérieure à la variabilité intra-secteur), ils sont plutôt hétérogènes en fonction de la 

densité de la population et de la mixité des occupations du sol. Ensuite, il a été 

observé qu'une majorité des secteurs de recensement (55.5%) est caractérisée par une 

combinaison. de trois catégories d'exposition ou plus, ces catégories étant 

substantivement différentes entre elles au niveau de leur potentiel de vie active. 

Ainsi, parce qu'ils comprennent des environnements qui sont à la fois plus favorables 

pour la marche et d'autres qui le sont moins, plus de la moitié des secteurs de .. 

recensements sont hétérogènes en termes de potentiel de vie active; ils sont donc peu 



126 

appropriés pour opérationnaliser les milieux pour l'étude des déterminants 

environnementaux de la marche. En contrepartie, les secteurs de recensement sont 

plus homogènes en regard des caractéristiques socioéconomiques, notamment au 

niveau de la proportion de personnes ayant un diplôme universitaire. Toutefois, la 

distribution spatiale de ces variables est dissemblable de celle du potentiel de vie 

active, ce qui indique que des l;lnités spatiales différentes puissent optimiser chacune 

. de ces expositions. 

L'approche développée pour créer' des zones optimales homogènes au niveau 

d'expositions est con,:,iviale tant dans sa conceptualisation que dans son application., 

Elle est basée sur la classification des aires de diffusion ayant un potentiel de vie 

active semblable, puis de leur regroupement clans l'espace en fonction de leur 

similarité et contiguïté. Pour cela, l'approche requiert une connaissance de base des 

méthodes de classification statistique et des applications simples disponibles dans les 

systèmes d'information géographique. En outre, l'application de cette approche 

permet de maximiser avec succès l'homogénéité des expositions dans les unités et de 

maximiser le plus possible les différences entre elles. 

Effets de milieux sur la marche: comparaison des résultats lorsque le milieu est 

opération n alisé par les zones plutôt que par les secteurs de recensement 

) 

Le troisième article de la thèse' a examiné l'influence du potentiel de vie active des 

milieux sur la pratique de la marche, en comparant les résultats obtenus lorsque le 

milieu est opérationnalisé par les nouvelles unités spatiales plutôt que par les secteurs 

de recensement. 

Les analyses ont d'abord été menées pour les individus imbriqués dans les secteurs 

de recensement et pour les individus imbriqués dans les zones. Tel qu'il a été observé 

dans d'autres études (Ceriri et al., 2007; De, Bourdeaudhuij et al., 2003; Giles-Corti & 

Donovan, 2002b; Humpel et al., 2004; Krizek & Johnson, 2006; Tilt, Unfried, & 
\. 
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Roka, 2007; Lovasi et al., 2008), les résultats démontrent que l'accessibilité 

géographique aux services de proximité apparaît comme un déterminant important de 

la marche. Une plus grande accessibilité est associée à des épisodes de marche totale 

et de marche utilitaire plus nombreux au niveau des secteurs de recensement. Les 

zones caractérisées par les valeurs d'accessibilité les plus élevées et jumelées à une 

forte densité de population (central urban area with high accessibility) et à une 

mixité d'occupation du sol importante (diverse central urban), sont associées à un 

nombre plus' élevé d'épisodes de marche totale et de marche utilitaire. Bien que la 

taille des' coefficients soit plus importante dans les zones; les résultats sont plutôt 

similaires à ceux obtenus au niveau des secteurs de recensement (tel qu'indiqué par le 

chevauchement des intervalles de confiance). Ces résultats ne sont pas étonnants 

étant donné. l'homogénéité des secteurs de recensement en termes d'accessibilité 

géographique aux services. Néanmoins, les inférences quant à l'influence du 

potentiel de vie active sur les habitudes de marche sont plus justes au niveau des 

zones car les erreurs de mesure sont limitées. Par contre, la densité de population et la 

mixité de l'occupation du sol, plus homogènes au niveau des zones, agissent de 

concert avec l'accessibilité pour configurer des environnements ayant un plus grand 

potentiel de vie active. De telles associations ne sont pas observées au niveau des 

secteurs de recensement. 

Les résultats des modèles multiniveaux avec classification croisée démontrent que, 

lorsque le potentiel de vie active et le statut socioéconomique sont opérationnalisés 

par des unités spatiales appropriées c.-à-d. respectivement les zones et les secteurs de 

recensement, ces expositions sont associées significativement avec la marche 

utilitaire, récréative et la marche pour tous les motifs (totale). Ces résultats font donc 

état que les différentes dimensions de l'environnement qui influencent la marche 

opèrent à des échelles spatiales différentes, qui se chevauchent plutôt qu'elles ne 

s'imbriquent. 
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Apport du développement et de l'application d'une approche pour créer des 

unités spatiales pour la compréhension des effets de milieux sur la santé 

Établir l'homogénéité des expositions dans l'unité spatiale d'analyse permet 

d'évaluer les erreurs de mesure des expositions possibles pouvant mener à une 

mauvaise estimation (misestimation) des effets de milieux. Or, jusqu'à présent, cette 

considération méthodologique a été peu abordée dans l'étude des effets de milieux 

sur la santé. À la lumière des résultats des articles empiriques, il est proposé que le 

schéma décisionnel présenté à la Figure 1 de l'article 2 (version anglaise, p. 78) serve 

à orienter l' opérationnalisation du milieu. Ce schéma est présenté en version 

française à la page suivante. 

Dans un premIer temps, il s'agit de déterminer si l'unité spatiale d'analyse 

disponible, c.-à-d. les unités spatiales de « convenance », est homogène en regard à 

l'exposition d'intérêt avant de procéder aux analyses pour mesurer les effets de 

milieux. À ce titre, il est possible que des unités administratives fàcilement 

accessibles soient valides pour la problématique à l'étude. Par exemple, dans la thèse, 

si la question de recherche avait porté sur l'influence unique de l'accessibilité aux 

services du milieu de résidence sur la marche, ou encore sur l'influence du statut 

socioéconomique mesuré par le niveau d'éducation, l'utilisation des secteurs de 

recensement aurait été appropriée. 

Mais étant donné l'hétérogénéité des secteurs de recensement en regard aux autres 

variables d'exposition et aux catégories d'exposition, l'approche qui consiste à créer 

des unités spatiales qui maximisent l'homogénéité des expositions s'avère 

avantageuse pour définir les milieux, notamment par le renforcement de la validité 

interne qu'elle génère. La contribution de cette approche est d'autant plus 

intéressante qu'elle est relativement simple à appliquer et à répliquer. La 

classification statistique est une méthode statistique descriptive et exploratoire (plutôt 

qu'inférentielle) largement utilisée dans les sciences sociales pour regrouper 
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Figure 2. Schéma décisionnel pour opérationnaliser le milieu 

Approche 
typique 

Unités spatiales de « convenance» 

Secteurs de recensement, etc. 

1 
Ces unités sont-elles appropriées pour mesurer les 

expositions et estimer les effets de milieux? 

Sont-elles homogènes au niveau de l'exposition d'intérêt? 

• OUI l' 

Procéder avec 
. l'estimation des 
effets de milieux 

• NON 

• Implications pour le devis d'étude 

Erreurs de mesure et de classification des 
expositions 

En-eur d'estimation des eflcts de milieux 
Imprécision des inférences statistiques 

, 
Création de nouvelles unités 

spatiales pour la problématique à 
l'étude 

Zones optimales homogènes en 
tennes de l'exposition d'intérêt 
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différentes variables en classes distinctes, et amSI créer des typologies (Harris, 

Sleight, & Webber, 2005). La méthode de classification employée, le K-means, est 

disponible dans une majorité de logiciels de traitement de données (par exemple, 

SPSS, SAS, STATA). La composante plus « complexe» de l'approche réside dans 

l'utilisation de systèmes d'information géographique. Or, l'utilité de ces derniers 

pour l'étude des déterminants de la santé est désormais reconnue·et leur utilisation est 

beaucoup plus répandue. 

Ainsi, par l'utilisation d'unités spatiales homogènes en termes d'exposition, la 

validité interne du devis de recherche sera accrue et la précision des inférences 

statistiques en sera augmentée. Néanmoins, il serait hâtif à ce stade-ci de statuer 

formellement sur la plus-value de l'utilisation d'unités homogènes. Pour ce faire, 

d'autres études sont requises pour explorer l'impact du choix d'autres indicateurs de 

santé et d'autres expositions pour la création de zones ayant une signification 

étiologique pour étudier d'autres états et indicateurs de santé. Par exemple, des· 

variables d'exposition liées au potentiel de vie active des milieux pourraient être 

associées à des variables d'accessibilité à des aliments sains et à des services de 

restauration rapide, pour créer des unités spatiales appropriées pour comprendre les 

déterminants environnementaux du surpoids et de l'obésité. Qui plus est, la stratégie 

d'échantillonnage devra être cohérente av~c la structure spatiale à l'étude. Dans la 

thèse, les données individuelles provenaient d'une étude dans laquelle les répondants 

ont été sélectionnés aléatoirement dans 112 secteurs de recensement sur l'Île de 

Montréal (Gauvin et al., 2008). Les zones ont été créées indépendamment de cet 

échantillonnage. Puisque la stratégie d'échantillonnage n'était pas stratifiée, la taille 

des effectifs individuels dans certaines zones est faible, ce qui peut expliquer que les 

résultats n'aient pas toujours atteint les seuils de signification conventionnels de p < 

·0.05. Les zones homogènes devraient être créées a priori de façon à structurer la 

stratégie d'échantillonnage. 

Finalement, informé par les distributions spatiales différentes des facteurs 

d'exposition liés au potentiel de vie active et au statut socioéconomique, l'emploi de 
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modèles multiniveaux avec classification croisée démontre que les niveaux 

écologiques d'influence peuvent se· chevaucher, plutôt que s'imbriquer 

hiérarchiquement. Ces modèles sont donc plus cohérents avec la structure des 

influences écologiques sur la marche. Lorsque l'effet de deux expositions différentes 

sur un indicateur de santé est étudié, l'emploi de ces modèles limite les problèmes 

reliés à la multicolinéarité de la mesure des expositions, qui est « forcée» dans les 

devis typiques puisque les expositions sont mesurées dans une même unité spatiale. 

De plus, l'utilisation d'unités spatiales appropriées limite les enjeux soulevés par la 

problématique des unités géographiques modifiables. 

Forces et limites du projet de doctorat et avenues de recherches futures 

Ce projet de doctorat comporte certaines forces et limites. Sans aucun doute, la plus 

grande force réside dans la création d'unités spatiales homogènes au niveau de 

l'exposition d'intérêt. Cet effort s'inscrit dans la lignée de quelques études portant sur 

la question de la délimitation des frontières des milieux pour la recherche en santé 

(Cockings & Martin, 2005; Haynes et al., 2007; Haynes et al., 2008; Law et al., 2005;· 

Martin et al., 2001; Nakaya, 2000; Openshaw, 1996; Openshaw & Rao, 1995; 

Reading et al., 1999; Tatalovich et al., 2006; The Project on Human Development in 

Chicago Neighborhoods http://www.icpsr.umich.edu/Phdcn). L'utilisation d'autres 

méthodes (bien qu'impliquant des recettes plus complexes) pour créer des unités 

spatiales est à investiguer; notamment, les méthodes de classifications statistiques 

floues (juzzy K-means) (Duda, Hart, & Stork, 2001; Everitt, Landau, & Leese, 2001; 

Fortin & Dale, 2005), le design automatique de zones (Cockings & Martin, 2005; 

Haynes et al., 2007; Haynes et al., 2008; Martin et al., 2001; Nakaya, 2000; 

Openshaw, 1996; Openshaw & Rao, 1995) et les méthodes de classification spatiale 

(Lawson & Denison, 2002; Murray, 1999; Murray &. Estivill-Castro, 1998) 

permettraient de bonifier l'opérationnalisation du milieu. 
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Les possibilités d'erreurs liées à une mauvaise classification des zones en termes de 

catégories d'exposition (exposure misclassijication) sont limitées par la configuration 

des zones délimitées selon la distribution spatiale des variables d'exposition. Par 

contre, il est à noter que la mesure de mixité de l'occupation du sol, mesurée au 

niveau des aires de diffusion, comporte une certaine limite. Alors qu'il serait attendu 

que l'on observe une plus grande mixité du sol dans ies milieux plus urbains, 

l'inverse s'est avéré: la mixité est plus importante en banlieue en raison de la plus 

grande superficie couverte par les aires de diffusion dans ces milieux. Pour la 

classification statistique et la création des zones, cela a eu peu d'effets puisque les 

variables ont été agrégées selon leur proximité statistique et spatiale : les aires de 

diffusion en milieux urbains présentaient un profil d'occupation du sol similaire entre 

elles; et inversement, le profil d'occupation du sol des aires de diffusion localisées en 

banlieue était similaire. Par contre, dans les recherches examinant l'occupation du sol 

comme variable de prédiction de la marche, cette variable devrait être mesurée à 

l'intérieur d'une unité géographique dont la taille n'est pas délimitée selon un seuil 

de population (i.e. aires de diffusion, secteurs de recensement) telles des zones de 

proximité (buffer) délimitées par un rayon de n mètres autour d'un centroïde 

prédéfini. 

Les zones ont été créées pour identifier quels aspects de l'environnement bâti, 

mesurés de façon optimale, sont associés à la marche. La délimitation de zones 

homogènes est donc pour des fins méthodologiques et étiologiques dans un souci de 

limiter les erreurs de mesures et d'augmenter la validité interne des devis de 

recherche. Pour cela, la délimitation de zones homogènes en termes d'expositions 

mène à un problème de validité externe. En effet, la validité externe des résultats à 

d'autres milieux est limitée puisque les quartiers résidentiels dans d'autres 

environnements urbains ne sont peut-être pas comparables. Nonobstant, le volet 

généralisable de cette thèse est la méthode pour créer des zones, et non pas les zones 

comme telles. 
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En parallèle, il est peu probable qu'il y ait correspondance entre les zones' et les 

perceptions que les résidents entretiennent des frontières de leur quartier. Bien que 

plusieurs personnes conçoivent habiter dans un quartier, il semble que les perceptions 

de~ frontières varient entre les résidents d'un même quartier (Coulton et al., 2001). 

Opérationnaliser les milieux en fonction des perceptions importe lorsque la notion de 

territoire partagé est liée à l'exposition d'intérêt, par exemple le capital social ou 

l'efficacité collective (Diez Roux, 2001; Osypuk & Galea, 2007). Cette notion n'est 

pas évoquée par le potentiel de vie active. 

La nature transversale du devis de' recherche pour étudier les déterminants 

environnementaux de la marche pose certaines limites. D'abord, il est impossible de 

déterminer la causalité des associations, c.-à~d. si les caractéristiques des milieux 

catalysent les comportements de marche. Des devis longitudinaux, dans lesquels les 

modifications des environnements et des comportements de marche sont suivies et 

mesurées' à différents intervalles de temps permettraient de contrer ces limites. En ce 

sens, il serait souhaitable de tirer profit d'expériences dites « naturelles» (Cummins, 

Petticrew, Higgins, Findlay, &. Sparks, 2005b; Petticrew, Cummins, Ferrell, Findlay, 

Higgins, Hoy et al., 2005), par exemple la création d'une voie piétonnière ou une 

dens'ification des services de proximité, et d'évaluer leurs impacts sur la santé des 

populations locales affectées par ces développements. Ensuite, il est probable qu'un 

biais de sélection teinte la lecture des résultats car le devis ne permet pas de statuer si 

des personnes pratiquant régulièrement la marche choisissent de vivre dans des 

milieux qui en facilitent la pratique (Frank, Saelens, Powell, & Chapman, 2007; 

Handy, Cao, & Mokhtarian, 2006). 

Parallèlement, il est important d'examiner plus en détail le temps d'exposition 

quotidien au milieu résidentiel. En effet, les activités des individus ont lieu dans 

différents espaces, que ce soit le lieu de travail ou les lîeux de socialisation, tous 

ayant une influence potentielle sur la pratique de la marche. La compilation 

quotidienne des déplacements et la localisation spatiale des lieux d'origine et de, 

destinations permettraient d'opérationnaliser les différents espaces d'activité des 
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individus, les facteurs auxquels ils sont exposés et de pondérer cette exposition en 

fonction du temps passé dans chacun des espaces. 

Implications pour la santé publique et la promotion de la santé 

Comme il a été mentionné en introduction, l'étude des effets de milieux sur la santé a 

deux implications pour la recherche et l'intervention en santé publique et en 

promotion de la santé: une compréhension de la signification étiologique du milieu 

pour la santé et .une attention dirigée. vers les caractéristiques des milieux qui sont 

favorables ou délétères pour la santé. Les Z0nes homogènes créées pour cette thèse ne 

doivent pas être perçues comme des nouveaux territoires vers lesquels diriger les 

actions et politiques de santé publique pour promouvoir la pratique régulière de la 

marche. Plutôt, la pertinence des zones réside dans l'optimisation de l'examen d'un 

phénomène de santé de façon à identifier le plus justement possible ses déterminants 

environnementaux, et ce pour informer les interventions qui visent la modification 

des milieux pour les rendre plus favorables à la santé. 

Toutefois, au niveau de la surveillance, les résultats justifient le besoin de mettre en 

place des protocoles d'acquisition de données stratifiées et d'inventorier les facteurs 

écologiques d'exposition au niveau local. Plus particulièrement, il faut spatialiser les 

données de surveillance car les deux études empiriques démontrent que les 

expositions dans les unités administratives sont hétérogènes. Cette hétérogénéité pose 

un défi particulier pour l'intervention: sur un même territoire; une intervention peut 

être appropriée pour un secteur mais non adéquate pour un autre. Documenter les 

déterminants environnementaux de la santé, de même que leur changement dans le 

temps, apparait comme une composante nécessaire des activités de surveillance. 

Les résultats de la thèse mettent en relief le bien-fondé de diriger les actions au 

niveau des environnements (de même qu'au niveau individuel) mais aussi de 

considérer les multiples échelles au niveau desquelles les facteurs environnementaux 
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influencent la marche. En lien avec la marche comme stratégie d'action pour 

promouvoir la pratique régulière d'activités physiques dans la population, deux 

constats peuvent être formulés. Dans un premier temps, l'accessibilité à des services 

de proximité appert comme un déterminant important de la marche utilitaire. Or, 

puisque les caractéristiques de l'environnement bâti sont souvent corrélées pour créer 

différents contextes environnementaux (tel qu'Best illustré par les sept catégories 

d'exposition), il est peu probable que la pratique de la marche soit accrue uniquement 

par l'amélioration de l'accessibilité géographique aux services, par des modes. de 

transports actifs. D'ailleurs, ce qui émerge des résultats est l'importance de la 

.densité: densité des destinations accessibles par la marche et la' densité de 

population. Mais cette observation est valide uniquement pour la marche totale et la 

marche utilitaire. En effet, le second constat est lié à la spécificité des associations: 

les caractéristiques des milieux qui facilitent ou contraignent la pratique de la marche 

diffèrent selon les motifs de marche. La marche utilitaire est pratiquée plus 

fréquemment dans les milieux plus urbains alors que la marche récréative semble être 

pratiquée plus souvent en banlieue. Les interventions à mettre 'de l'avant pour 

encourager la marche doivent être adaptées au contexte d'implantation. 

À ce titre, l'évaluation des actions visant la modification des environnements doit 

informer le choix des interventions à implanter pour promouvoir une vie active au 

niveau populationnel. Une attention plus grande à l'évaluation des impacts sur la 

santé de la population des politiques publiques et d'expériences naturelles est donc 

requise. Qui plus est, la formulation et l'implantation de politiques publiques saines 

pour la santé émergeront vraisemblablement de partenariats et de collaborations 

intersectorielles entre directions de santé publique, milieux académiques, instances 

municipales et gouvernementales et les populations locales. 
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CONCLUSION 

Alors que la santé publique connaît une expansion' considérable des travaux 

théoriques et empiriques portant sur le rôle des milieux résidentiels pour la 

production et le maintien de la santé, l'opérationnalisation de l'espace demeure 

problématique. Plutôt que de recourir à des unités spatiales administratives de 

« convenance », l'originalité de cette thèse réside dans l'opératiohnalisation du 

milieu en cohérence avec la distribution spatiale de facteurs d'exposition spécifiques 

associés avec un indicateur de santé spécifique, de façon à délimiter des unités 

spatiales homogènes au niveau de l'exposition. Cela s'est opéré à travers l'exemple 

du potentiel de vie active et les comportements de marche. Les résultats de la thèse 

confirment empiriquement que le développement et l'application de cette approche 

ont contribué à la compréhension des effets de milieux sur les comportements de 

marche, notamment en raison d'une validité interne accrue du devis d'étude et la 

précision des inférences statistiques qui s'en trouve augmentée. Un schéma 

décisionnel pour guider l' opérationnalisation des milieux a été proposé. 

Comme il a été présenté en introduction, les représentations de l'espace dans la 

formulation de la problématique de recherche portant sur les effets de milieux sur la 

santé sont multiples. Chacune de ces conceptualisations répond à des objectifs 

spécifiques de recherche au regard desquels les milieux doivent être opérationnalisés 

en cohérence. La conceptualisation de l'espace privilégiée dans cette thèse est celle 

de l'espace intégré, C.-à-d. un milieu dans lequel les ·individus sont imbriqués et 

exposés aux mêmes conditions. Toutefois, il est peu probable qu'une seule 

conceptualisation de l'espace fasse l'unanimité parmi les chercheurs et les décideurs. 

La compréhension de l'influence du milieu sur la santé est tributaire de la jonction de 

ses diverses conceptualisations et opérationnalisations qui témoignent de la 

complexité des mécanismes à travers lesquels le milieu influence la santé. 
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Table 2. Coding scheme and abbreviations 

Coding dimensions 
Citation 1 Location 

Health indicator 1 
Analytic variable 

Design 1 Year of 
data collection 
(individ ual-Ievel) 

Sample size 
individuals 
(sexlage range) 
Individual 
characteristics 
adjusted for 

Sam pie size of 
areas 

Explanations 
Surname of first author and year of 
publication; 
Country where study undertaken. 
Self-rated health: How would yOll 
describe your overall state of health: 
Excellent, very good, good, fair, or poor? 
Risk factors for CVD: Physical activity, 
diet, smoking, alcohol consumption, body 
mass index, overweight and obesity, 
diabetes, hypertension. 
Mortality: Ali-cause and cause specifie 
mortality where individual-Ievel data 
available. 
Analytic variable: Treatment of the 
outcome variable was treated. ' 

Cross-sectional, 'longitud inal (follow-up), 
or case-control research design. 
Year of data collection at the individual 
!eve\. 
Sample size of individual data (full data 
set) and sex distribution and age in years 
(y) range of the sample. 
Individual-level characteristics adjusted 
for in multilevel models. 

Sample size and operational definition of 
areas 

XVI 

Abbreviations 
* Studies reporting data ; 
for both SRH and CVD 
risk factors. 
BMI: Body mass index; 
CVD: Cardiovascular 
disease; CHD: Coronary 
heart disease; HBP: High 
blood pressure; N'hood: 
Neighbourhood; PA: 
Physical activity. 

Analytical variables: 
Oichotomous/binomial: 
0/1; Ordinal/ordered 
categorical: ord; 
Continuolls: cont. 

y: year 
NR: Not reported 

A: Age; E: Education; ES: 
Employment status (e.g .. 
employed,unemployed, 
retired); 1: Income; MS: 
Marital status; N'hood: 
Neighbourhood; OS: 
Occupational status (type 
of work e.g. blue collar, 
professional); PA: 
Physical activity; RIE: 
Racel Ethnicity; S: Sex; 
SC: Social class; SES: 
Socio-economic status; 
SN: Social 
networklsllpport; Ali otller 
characteristics are 
nominally identified. 



Area-Ievel 
exposures 

Crude between­
area variation 

Adj usted between­
area variation 

Significant 
adjusted area 
effects 

Area-Ievel exposure and type, i.e. whether 
they are derived/aggregated from 
individual-Ievel data, e.g. census data, or 
integral that is only measurable at the 
area-Ievel, e.g. number of parks. 
Significant between-area variation 
unadjusted for individual-Ievel 
characteristics unless otherwise specified. 
Reported by variance component and 
standard error, intraclass correlation 
coefficient for continuous and 
dichotomous outcomes, and plausible 
value range; ail others are nominally 
identified. 
(Note: variance compone nt is significant 
when> 1.96 * Standard error). 
Significant betweèn-area variation 
adjusted for individual-Ievel 
characteristics unless otherwise specified. 
Same as above 
Significant area effects on health in 
models adjusting for indi~idual and are a­
level variables (final models) unless . 
otherwise specified. 
Cross-Ievel interaction: Differentiai area 
effects across subgroup of individuals. ln 
sorne cases,authors reported the 
association of an individual effect on a 
health indicator in a subset of areas. This 
was also considered to be a cross-Ievel 
interaction. 
Area-Ievel interaction: Differentiai effect 
of an area exposure on a health outcome 
conditional on another area exposure. 

il: Derived variable 
i: Integral variable 
N'hood: Neighbourhood 

ICC: Intraclass correlation 
coefficient; p: p-value; Se: 
Standard error; PP: 
Predited probability; PVR: 
Plausible value range; VC: 
Variance component; NR: 
Not reported; Sign: 
Significant; NS: Not 
significant; SNR: 
Significance not reported 

Same as above 

XVll 



Table 3. Results of study coding of multilevel investigations of area effects on self-rated health, cardiovascular morbidity and 
risk factors, and mortality among adults. 

Self-rated 
health 
Citation 
/location 

Béland 
(2002)"' 
/Canada 

Blakely 
(2000)42 
fUSA 

Blakely 
(2001)43 

/USA 

Health 
Outcome 
/Analytic 
variable 

Sclf-rated 
hcalth (011) 

Self-rated 
health (0/1) 

Self-rated 
hcalth (011) 

Designiyear 
of data 
collection 
(individual 
lever) 
Cross-
sectional/ 
1987 

Cross-
sectional/ 
1995; 1997 

Cross-
sectional/ 
1995; 1997 

Individu al Individual Area sample 
sample characteristics size 
size adjusted for 
(sex/age 
range) 
9422 A, S, E, l, ES, 361 Contexts 
66% Mcn OS, MS, (Clusters of 
2: 15y Strcssful census tracts) 

cvents, 
Pcrceived 
strcss, SN, 
Social support, 
Locus of 
control. 
Sensc of 
cohcrence 

213695 S. RIE, 1 50 States 
%MenNR 
2: 15y Age-specific 

analyscs 

279066 A, S, RIE, 1 50 States 
48% Men 
> 25y 

Are·a-Ievel exposures Crude 
between 
area 
variation 

Unemployment rate d, VC (Sc) = 

Gender distribution ", 0.049 
Age group distribution", (0.015) 
% Without high school 
diploma", 
% Immigrants", 
% Two-parent families ", 
A vcrage houschold 
income d

• 

Labour force participation 
rate", 
Occupational status d. 

Median household NR 
incomc d, 

ln come inequality/Gini 
coefficient ;. 

For 5 diffcrent timc 
periods 
Voting incquality J, NR 
Voting tumout d, 

Median Income d, 

Incomc inequality/Gini 
coefficierit ;. 

Adjusted 
between 
area 
variation 

NS 
(Adjusted 
also for area 
unemploymc 
nt) 

NR 

NR 

Significant adjusted area effects 

-

-

-

-

Grcatcr% oftwo-parcnt families, 
higher average income, and lower % of 
immigrants wcrc associatcd with bettcr 
SRH. 
Cross-Ievcl interaction: Dctrimcntal 
effect of dcprivation on SRH was 
grcatcr among thosc with grcatcr 
perccived stress. 

Greater incquality was associated with 
poorer SRH in the 2: 45 Y group. 
ln the 2: 45 Y group, the association 
between SRH and incomc inequality 
was strongcr for earlier mcasures of 
inequality (1979-1981) than for 

. concurrent measurcs (1995-1997). 
Greater voting inequality, lower voter 
tumout, higher incomc incquality, and 
lower median incomc werc associated 
with poorer SRH. 
Cross-Ievel interaction: Effcct of 
in come inequality greater among 2: 45y 
Living in morc cquitable statcs was 
associated with bcttcr SRH among 
Whites, but only marginally among 
Blacks. 

;>< 
;::; . ...... ...... 



Blakely Sdf-rated Cross- 185479 A, S, RIE. 1 232 A Il area un its: NR NR At the MA, county and state levels, 
(2002)44 health (0/1) sectional! 48% men . Metropolitan Income incquality/Gini !ower income and higher income 
IUSA 1996; 1998 2: Oy areas (MAs) coefficient" inequality were associated with poorer 

216 Counties Average household SRH, but in separate models only; 
50 States income ". adjusting for the cost of living index at 

the household level strcngthcned the 
MAs: Cost of living index association betwccn MA average 
d income and SRH, but did not change 

the inequality association. 
Counties: Population size - Cross-Ieve! interaction: Association 

" between state income incquality and 
poorer SRH was stronger among 
residents of rural areas. 

Browning Self-rated Cross- 2218 A, S. l, E, RIE, 333 Concentrated - Higher Ievels of collective efficacy 
(2002)4~ health (ord) sectionaV 42% Men MS, Foreign Neighbourhood disadvantage d, associated With better SRH. 
!USA 1997; 1999 2: 18y born. lnsurance c1usters Residential stability", - Cross-Ieve! interaction: The protcctive 

coverage, Immigrant concentration", effect of individual education was 
Hcalth Collective efficacy d, greater in areas with higher collective 
behaviours. Prior neighbourhood efficacy. 
Health heahh", 
problems, Violcnt victimization "-
Years of 
n'hood 
residency, 

(2003)46 health (0/1) . seetionall 41%Men MS, Foreign Neighbourhood Povertytl, SNR collective efficacy were associated with 
!USA 1995; 1997; 2: 18y born, lnsurance c1usters Residentüi! stab ility", belter SRH. 

1999 coverage, Immigrant eoncentration Greater residcntial slability and 
Years of d population size were associated with 
n'hood poorer SRH. 
rcsidency, PA, Hypothesised pathways • Area-Ievel interaètion: As area 
Weight Collective efficacyd, affluence inereased, the positive effeet 
problems, Social support and of residential stability on poorer SRH 
Smoking, sociabi lily", deereased. 
Interview year Subcultural tolerance for 

risk bchaviour/anomie", 
Neighbourhood disorder j, 
Prior n' hood health'\ 



Browning Self-rated Cross- 8706 A, S, RJE, E, l, 342 Affluence d, 6.0% NS - Greater afflùencc was associated with 
(2003)47 hcalth (011) sectionalf 49% Men MS, Housing Neighbourhood Povcrty d, (p<O.OOI) (Adjusted bcttcr SRH. 
fUSA Poolcd ~ 18y tenure, clustcrs Residcntial stabilityd, also for area 

survey da ta Interview year Immigrant across time) 
1991-1999 concentration d. 

Cagney Self-rated Cross- 636 A, S, RJE, l, E, 246 Agc structure J, NR NR Greatcr affluencc was associated with 
(2005)48 health (ord) scctionalf 35% Men MS, lnsurance Neighbourhood Affluence d, lowcr odds of poorer SRH 
IUSA 1995; 1997; ~ 55y covcrage, PA. clustcrs Poverty d, - Greater rcsidcntial stability was 

1999 Weight Residential stabilityd, associated with greater odds of 
problems, rcporting poorcr SRH. 
Interview year Hypothesised pathway: Area-Ievcl interaction: Thc detrimcntal 

Collective efficacy d. erfcel of residential stabilityon SRH 
decreased as affluence increased. 

Craig Self-rated Cross- 18466 A,S,E,ES 32 Local Mean household income J, VC (Sc) VC (Sc) - Lower income was associated with 
(2005)<9 health (0/1) sectionall % Men NR authorities Income inequality O.oI5 0.019 poorcr SRH. 
IUK 1999/2000 16-64y IGini coefficient' (0.006) (0.007) 

!Theil index \ 
19011 0 rati 0 '. 

Cummins Self-rated Cross- 13899 A, S, SC, ES 425 Postcode Unemployment J, NR NR - Poorer physieal quality of residential 
(2005)~ health (011) seétionall 45% Men sectors Physieal quality of environment, more Icft wing political 
IUK Pooled data ~ 16y residential environment i, climate, lower political engagement. 

[rom two Public recreation \ highcr unemployment, lower aecess to 
surveys Crimei, private transport, and lower transport 
1: 1994- Access to multiple owned wealth wcrc associated with poorer 
1999; food shops i, SRH. 
2: 1995; Access to banks and Cross-Ievcl interaction: Arca effects for 
1998 building societies', physical quality of residcntial 

Health services', environmcnts, left wing politicaJ 
Left wing political c1imate, acccss to privatc transport, and 
c1imatc" transport wealth on poorcr SRH werc 
Political engagement' grcater among non-working individuals. 
Access to private 

transport " 
Trans~ort wealth '. 

Drukker Self-rated Cross- 3394 A:S, ES, 35 City-defincd Composite index of socio- NR NR - Greatcr deprivation was associatcd with 
(2(03)51 health (0/1) scctionall 48% Men Wclfare rcsidential economic deprivation d, poorerSRH. 
IThc YearNR 20-65y rceipicnt. ncighbourhoods Residential stability d Whcn further adjusting for Iifestyle, 
Netherlands Family type. housing conditions, and perception of 

Hypothesised pathways - housing and neighbourhood contcxts, 
H:œothesised Housing conditions the effce! of dc~rivation on SRH was no 



-------- ----------------------------------------------------------------

Lifestyle: residential type)", 
Smoking, PA, Individual perceptions 
Drinking of housing conditions ù, 

Fruillvegetable of area characteristics", 
inlake, BMI of neighbourhood social 

contacts, maintenance, 
cosines, safelyd. 

Drukker Self-raled Cross- 3469 A, S, E, ES, 35 City-defined Composite index of socio- NR NR No significant main area effects. 
(2005)52 health (0/1) sectionall 48% Men Years of residential economie deprivation", - Arca-Ievel interaction: ln stable and 
IThe YearNR 20-65y n'hood neighbourhoods Residential slabilily ù. very slable areas, higher deprivation 
Netherlands resideney. was assoeialed with poorer SRH 

Welfare 
i-ecipient, 
Family type 

Franzini Self-raled Crosse 3171 A, S, RiE, 100 Ccnsus Index of neighbourhood ICC 0.19 Greater impoverishmenl was assoeialed 
(2005)53 health (conl) seclionall 25% Men SES, block groups impoverîshmenl d, Sign Sign with poorer SRH. 
IUSA 2001/02 18-94y Years of Lower social capital, and grealer levels 

n'hood HYPolhesised pathways- of disorder and racism were associaled 
residcncy Collective efficaey ù, with poorcr SRH and mediated Ihe 

Physical and social effcct of deprivation on SRH (whieh 
Hypothcsiscd disorderi. d, becamc non-signifieant). 
pathways Social processes relevant 
Physical 10 children d, 
activity; N'hood racism d, 
Social suppon. Social capital d. 

N'hood cIimate of fear d 

Gee (2002)!'4 Self-rated Cross- 1503 A, S, E, l, ES, 36 Census tracts PovenyJ, NR NR - Rcsiding in redlined areas was 
IUSA health (con!) seetionall Chincse SN, Medical Median housing value \ associalcd with beller SRH. 

1993/94 American insuranee. Index of dissimilarily 
% Men NR Acculturation, (greater segregation of 
18-65y Pereeived ChinesejÙ, 

racial Redlined areas 
discrimination (disfavoured home 

mongage loan 

Gee (2004);<5 
applieants) i. 

Self-Taled Cross- 1503 A, S, E,I, ES, 36 Census lraets Povenyd, lCC 0.03 NR . Greater poveny was associated with 
''USA health (cont) seclionall Chinese SN, Vehicular burden". SNR poorerSRH. 

1993/94 Ameriean Acculturation, - Cross-Ievel interaction: Greater 
47% Men Pcrceived vehicular burden was associated with 
18-65y trame stress, poorer SRH among those pcreciving 



Perceived higher levcls of traffie stress; adjusting 
environ ment for this cross-Icvcl interaction, effeet of 

2overt~ on SRH no longer significant. 
Hopman Self-rated Cross- 9423 A,S 9 Cities None NS NS - Examined between area variation only. 
(2003) 56 health (NR) sectionall 31% Men 
ICanada' 1996/97 > 25~ 
Hou (2003) 57 Self-rated Cross- 8862 A,S, l, E, 798 Census % Law-income d, VC =0.042 VC =0.036 - Higher % of low income associated 
ICanada health (con!) sectionall 49% Men Smoking, PA, tracts Income inequalityl (p :S 0.001) (p:S 0.001) with poorer SRH. 

1996/97 2: 12y Emotional Coefficient of variation ;. Higher income inequality associated 

sU220rt with better SRH. 
Hou (2005) 58 Self-rated Cross- 34592 A, S, RIE, E, I, 487 Census Census tracts: NR NR -. At the census tract levcl, higher income 
ICanada health (ord) seetionall 47% Men Immigrant tracts Ineome inequality: and % of people with a university 

1996/97 2: 12y status 25 Census IGini index;, degree were associated wi th better 
metropolitan IMedian share;, SRH; greater % of single parent family 
areas (CM As) IMean logarithmie \ was assoeiated with poorer SRH. 

ITheil index;, - At the CMA level, within-CMA 
ISquared coefficient of inequality positivcly associated with 
variation; ; SRH. 
Median ineome d, 

% Adults d, 

% University degree d
, 

% Seniors d, 

% Single parent families d, 

% Recent immigrants d, 

% Non-white d. 

CMAs: 
Income inequality;, 
Economic segregation d, 
Median income d. 

Karlsen Self-rated Cross- 7848 AS,SC 250 Electoral Townsend deprivation OR (95%CI) OR (95%CI) - Lower % of ethnic minority was 
(2002) 59 health (0/1) sectionall % Men NR wards . index d, Whites: NS Whites: NS associated with poorer SRH among 
IUK 1993/94 2: 16y Race/ethnicity Ethnic group densityd, Caribbean: Caribbean: Whites only. 

specifie Individual perceptions NS NS 
analyses of problems of crime and Indian: NS Indian: 

nuisance d, Pakistanil 1.17 
of lack of amenities d, Bangladeshi: (1.03-1.33 ) 
of environmental 1.39 Pakistanil 
problems d

. (1.16-1.67) Bangladcshi: 
1.60 
( 1.25-2.03) 



Lindstriim Self-rated Cross- 3602 A,S,E, 75 City-dcfined None VC (Se) NS - Examined betwcen area variation only. 
(2004)" health (011) sectional/ 49% Men Foreign bom, administrative 0.096 
/Sweden 1994 20-80y Social areas (0.043) 

participation ICC 2.8% 

Malmstr6m Self-ralcd Cross- 9240 A, S, E,BMI, 837 Small-area Care Need Index of NR NR Grealer deprivalion (both measures) 
(1999)"1 nealth (0/1) sectionall 50% Men Smoking, PA market statistics deprivation J, was associated with poorer SRH. 
/Sweden \988/89 25-74y Townsend Deprivation 

Index d 

Mc Culloeh Self-rated Cross- 10264 E, ES, RIE, 634 Wards 'Townscnd index of NR Women - Grcatcr dcpnvation was associatcd with 
(2001 )62 nealtn (0/1) sectionall 47% Men Region of deprivation J VC 0.18 poorerSRH. 
/UK Pooled 2: 16y residence, Year (p<D.OOI) Cross-Ievel interaction: Effect of 

survey data of interview, Men deprivation on SRH was greater among 
1991-1999 Housenold VC 0.15 womcn residing in social housing. 

typc, Social (p<O.OOI) 
housing, (Adjusted 
Access to car, also for area 
Lag eITcct of deprivation) 
antecedent 
SRH. 

Sex-specific 
anal~ses 

Pampalon Self-rated Cross 20739 A, S, E, I, ES, 1833 Census None NR VC (Se) - Examined betwecn arca variation only. 
(999)63 health (0/1) .Sectional/ 48% Men MS, Smoking, enumeration Enumeration 
/Canada 1992/93 2: 15y PA, Aleohol areas areas = 

eonsumption 37 Regional 0.066 
11439 subdivisions (0.030) 
households Regions: NS 

Patel (2003)'" Self-ratcd Cross- 2561 A. S, E, 1. MS, 210 Census Economic disadvantage ICC 0.16\ NR Higher economic disadvantage, lower 
lUS A neallh (ord) sectionall Mexican SN, Stressful tracts index d, SNR % of Mexican Amcricans. and border 

1993/94 American Iife events, % Mexican Americans", community location werc associated 
% MenNR Obesity, Residence in a border with poorer SRH. 
2: 65y Smoking,- USA/Mexico community Area-JevcJ interaction: Effect of arca 

Medical economic disadvantage on SRH was 
conditions, stronger among residents of border 
Disability, communities tnan among those of non-
Language border communities. 
acculturation, 



Reijneveld Self-raled Cross 5121 A, S, l, E, ES 92 City-dctined 
(2000)6; health (0/1) Sectionall % MenNR neighbourhoods 
/The Year NR :::: 16 y 76 Postcode 
N etherlands sec lors 

22 Boroughs 

* Reij neveld Self-raled Cross- 23269 A,S,E 484 Cily-defined 
(2002) 30 heallh (011 ) seetionall % Men NR neighbourhoods 
IThe Pooled 216y 7 Cilies 
Nelherlands sUTVey data 

1991-2000 

Robert Self-raled Cross- 1669 A, S, E, l, RiE, 48 Stales 
(2002)66 health (NR) sectionall 41%Men Assets 
!USA 1986 > 60y 
Stafford Self-raled Cross- 6901 A,S, 1831 WaTds 
(2001)67 heallh (oTd) seclionall 69% Men Ernployrnenl 
IUK 1991-1993 35-55y grade, SN, 

Household 
dcprivation, 
Pereeived 
housing 
qualily, 
Problcrns with 

Mean ineorne d, VC (Se)-
% Benefil-dcpendenl N'hoods: 
carneTS d, 0.074 
% Low-ihcorne earners d (0.027) 

Postcode 
sec lors: 
0.068 
(0.025) 
Boroughs: 
0.053 
(0.024) 
(Age-sex 
adjusted) 

General pTactilioner (GP) NR 
deprivaiion score d, 

Mean ineorne d
, 

% Benefil-dependent 
earners d 

Socio-econornic VC (Se) = 
disadvanlage index d 0.10 (0.025) 

ICC=0.14 
Townsend Deprivation Wornen 
Index d VC (Sc) = 

0.18 (0.08) 
Men 
VC (Sc) = 
0.30 (0.08) 

Wornen pp 
(PVR)= 

NS -

VC (Se)- -
Area 
(n'hood) GP 
deprivation 
score: 0.083 
(0.034) 
Arca rnean 
incorne: 
0.077 
(0.034) 
Areas % 
social 
benefit: 
0.076 
(0.034) 
VC (Se) = 
0.04 (0.018) 

Wornen: NS -
Men 
VC (Se) = 
0.20 (0.07) 

For ail three exposures, grealer 
deprivalion was associatcd with poorer 
SRH but only al the borough-\cvel. 

For ail three exposures, grcaler 
deprivation was associated with poorer 
SRH at the neighbourhood level. 
Area effects on SRH were not 
consistent across cilies. 

Greater socio-cconornic disadvantage 
was associated with poorer SRH. 

GrealeT deprivalion was associated with 
poorer SRH. 
Cross-Icvel interaction: Effect of 
deprivation on SRH was grealer arnong 
lhose in lower ernployrnent grade. 

x 
X ..... 
-< 



n'hood, 34% (18-
Community 54%) 
participation Men pp 

(PYR)= 
20% (8-
43%) 

* Stafford Self-rated Cross- 5539 A,S, 2112 Wards Townsend Deprivation NR NR - Greater deprivation was associated with 
(2003) •• health (011) sectionall 70% Men Employrnent Index Ù poorer SRH. 
IUK 1997-1999 AgeNR grade, 

Problems with 
n'hood 
Financial 
problems, 
Dissatisfaction 
with standard 
ofliving, 
Position on 
social ladder 

Stafford Self-rated Cross- Pooled A,S,ES England: 863 Unemployrnent rate d, YC (Se) London: In pooled data, higher % of 
. (2004) os health (0/1) sectional/ data; Census wards % Single households d, London: NS unemployrnent, % ofmanual workers, 
!UK and London: London % Single parent 0.:106 Helsinki: and % single households were 
Finland 1991-1993; 5301 Finland: 223 households d, (0.040)1 NS associated with poorer SRH. 

Helsinki: 61% Men City-defined % Manual workers d. ICC =0.03 - Higher % of single parent households 
2000-2001 35-55y; neighbourhoods Helsinki: was associated with poorer SRH in 

Helsinki NS London but not in Helsinki. 
4287 (Age-sex 
21% Men adjusted) 
40-60y 

Stafford Self-rated Cross- 8437 A. SC, ES, 238 Postal Individual perceptions of: YC (Se)1 YC (Se) Women: Lower levels ofintegratiim 
(2005)69 health (0/1) sectional/ 45% Men family type sectors family tics d, % variation Women: into wider community, trust, tolerance; 
IUK Pool cd data ? 16y friendship ties d, between 0.125 political engagement, access to banks 

fromtwo Sex-specific participation ù, area: (0.039) and building societies, and access to 
surveys analyses integration into the wider Women: Men: private transport, fewer health services, 
1994-1999; communityd, 0.212 0.005 poorer quality of environment, higher 
1995/1998. trust d, (0.048)/6% (0.033) unemployrnent, stronger tàmily ties and 

attachment to n'hood d
, Men: 0.141 more left-wing political clim~te were 

i tolerance ù, (0.045)/4% associated with poorer SRH. 
being able to re\y on (Age - Men: Higher levels of crime and lower 
others d adjusted) access to multiple food shops were 

associated with poorer SRH. 
Score ofn'hood 



Subramanian Self-rated Cross 144692 A, S, RIE, l, 
(2001) 7. health (0/1) Sectional/ 43% Men MS, Smoking, 
fUSA 1993/94 18-98y Health cheèk-

up, Health 
insurance 
coverage 

Subramanian Self-rated Cross- 21456 A, S, RIE, E, l, 
(2002) 71 health (0/1) sectional/ 42% Men MS, Perceived 
fUSA 2000 18-89y individual trust 

Subramanian Self-rated . Cross- 201221 A, S, RIE, MS, 
(2003) 72 health (0/1) sectional/ 47% Men E, l, ES, 
fUSA 1995; 1997 ~ 18y Health 

insuranee 
coverage 

Subramanian Self-rated Cross- 21572 A. S,RIE, MS, 
(2005) 73 . health (0/1) sectional/ 42% Men E,I 
!USA 2000 18-89 Y 

39 States 

34 Communities 

50 States 

36 Communities 

Political engagement', 
Political c1imatc;, 
Crime;, 
Access,to multiple owned 
food shops ;, 
Access to banks and 
building societies;, 
Health services;, 
Public recreation;, 
Quality of physical 
environment ;, 
Transport wcalth;, 
Access private transport;, 
Unemployment d 

Medianlncome per 
capitad 

Income inequality/Gini 
coefficient ;, 
Social capital d. 

(d) Social trust (social 
capital) d 

Income inequality/Gini 
coefficient ;, 
% Black residents d. 

None 

VC (Se) = 

0.083 
(0.020) 

VC (Se) = 

0.045 
(0.015) 

VC (Se) = 

0.031 
(0.007) 
(Also 
adj usted for 
area income 
ineguality) 
VC (Se) = 

0.045 
(0.014) 

VC (Se) = 

0.039 
(0.010) 

NS 

VC (Se) = 

0.029 
(0.007) 
(Also 
adjusted for 
area income 
ineguality) 
NS 

- Greater median income and social 
capitallevel were associated with better 
SRH. 

- Cross-Ievel interaction: Greater income 
inequality was associated with better 
SRH among high income group only. 

- Greater level of social trust was 
associated with better SRH. 

- When adjusting for individual perceived 
trust, main effect of social capital no 
longer significant 
Cross-Ievel interaction: Protective effect 
of community social capital among 
high-trust individuals; among low-trust 
individuals, the effect was reversed. 

- Grcater income inequality associated 
with poorer SRH. 

- Examined between area variation only. 



Subramanian Se 1 f-ra!ed Cross- 51316 A, S, RIE, MS, 207 Black/white dissimilarity NR VC (Se) Covaria!ion between the mctropolitan 
(2005) 74 health (0/1) sectionall 47% Men E,I Metropolitan index d, 0.037 area variation in SRH for Whitcs and 
IUSA 2000 2: 18y areas Black isolation index d, (0.008) the: WhiteIBlack disparity in poore:r 

White isolaiion index", SRH: Greater Whitel Black disparity 
Total population size d

, WhiteIBlack was associated with better SRH among 
% Poor d

, disparity in Whitcs. 
reporting Grcater Black isolation index was 
poorer SRH associated with poorer SRH arnong 
0.172 (0.48) Blacks only, 
such tha!: 
Whites 
0.060 
(0.012) 
Blacks: 
0.090 
(Se NR) 

Veenstra Self·rated Cross· 1435 A,S,E, l, 25 Communities Nurnber public spaces per NS NR . No significant area effcets. 
(2005) 75 health (0/1 ) sectionall. 53% Men Trust in capita .. 
ICanada 2002 2: 18y community Number of voluntary 

members, organisations per capita" 
Political trusl, Community and political 
Participation in trust", 
voluntary Median houschold 
associations. income", 

Incomc ineqùalityl % of 
incorne he Id by poorcsl 
50"10 households '. 

Wen (2003) 7. Self·raled Cross- 3459 A. S, RIE, E, l, 343 Affluence d, NR NR . Higher afflucnce and education Jevels 
IUSA health (ord) seclionall 40% Men MS, Smoking, Ncighbourhood Education lçvel d, wcrc associated with betler SRH. 

1996; 1997; 2: 18y High blood c1usters Poverty d, POIential pathways linking afflucnce ta 

1999 pressure Incorne incquality/Gini SRH included crime, social resources, 
coefficient j. and the physical environmcnt. 
Prior n'hood hcalth d. 

Hypothesised pathways: 
Physical disordcr i

, 

Health cnhancing 
services i, 
Social rcsources d. 



Xi (2005) 77 

/Canada 
Self-rated 
health (0/1) 

Cross­
seclionall 

30820 
46% Men 

A, S. E, !, MS, 
PA, Smoking 

Public Hcalth 
Units 

-----------------------

Lower mcdian inèomc and highcr 
wcre associated with 

x 
X 

2: 



CVD and risk 
factors 
Citation HeaIth Designlyear Individual Individual Sample size of Area-level exposures Crude Adjusted Signifieant adjusted area effects 
Ilocation Outcome of data sample characteristics areas between between 

IAnalytic collection size adj usted for area area 
variable (individual (sexlage variation variation 

level) range) 

Chaix Overwcight Cross- 12948 A, S, E, 1, ES, 95 Gross domestÎC product NR NR - Higher GDP was associatcd with 
(2003) 78 (0/1) sectionall 49% Men MS. OS Administrative (GDP) per capita d, greater odds ofbeing a dependent 
!France Smoking 1999 16-75y dcpartments Type of county of srnoker among both women and men, 

(0/1 ) rcsidence (rural, small and with being a dcpendent drink cr 
Drinking town, medium sized city, among women only. 
(0/1 ) major city) i. - Cross-leveJ interaction: Higher GDP 
Physical was associated with overwcight among 
inactivity blue-collar workers only. 
(0/1) 

Chaix Smoking Cross- 12948 A, S, E, l, ES, 95 Gross domestic product NR Smoking Highcr GDP was associatcd v.'Îth 
(2004) " (l/0; conl) sectionall 49% Men MS, OS Administrative (GDP) per capita d, (0/1): greater odds of smoking. 
!France 1999 16-75y departments Type of county of VC (Se) - Among smokcrs, higher GDP was 

residcnce (rural, small 0.014 associated with grcatcr Icvels of tobacco 
town, medium sized city, (0.007) consumption. 
major city) i 

Chang BMI (conl) Cross- 143931 A,E,1 226 Income ine9uality/Gini VC NR Greater income inequality ..vas 
(2005)80 sectional/ 44% Men Census rcgion Metropolitan coefficient' , White associated with lower BMI among 
(USA 1996-1998 ~ 18y statistical areas Median houschold womcn: White women only. 

Sex-raee (MSAs) ineome d
, 0.320 Greater median income was associatcd 

specifie Population sizc d. (p<O.OOI); with lower BMI among White women 
analyses White men: and men only. 

0.174 
(p<O.OOI ); 
Black 
women: 
0.780 
(p<O.OOI); 
Blaek men: 
0.473 



Chuang Smoking Cross- 8121 A, S. E. 1, RIE 82 Census tracts SES scorc d• NR NR Lower SES, highcr convenicnce store 
(2005)81 (cont) seetionaV 45% Men and/or Census Within a one-mile radius density, and lowcr distance to 
/USA Poolcd data 25-74y blocks around individual convenienec store wcrc associatcd with 

from l'ive rcsidencc: grcater odds of smoking, but in separate 
survcys Density of conveniencc modcls only. 
1979-1990 stores', Cross-Icvel interaction: ln more affluent 

Distance of convenience arcas only. high-SES individuals wcre 
stores'. less likely to smokc. 
Numbcr of convcnience - Arca-Icvcl interaction: In areas with 
stores'. higher convenienee store density, the 

odds of smoking were similar across ail 
incorne S!0u~s. 

Cubbin Behaviour Cross- 8197 A, S, RIE, MS, 82 Census tracts Townscnd Index of NR Significant. - Higher deprivation was associatcd with 
(2005)82 change (0/1) seetionall 45% Men SES, City, and/or Cens us deprivation d. but no greater odds of no positive behaviour 
fUSA 12-ycar Poolcd data 12-74y SUivey year blocks variance changes. 

probability frorn five estirnates 
expericncing surveys reportcd 
CHD cvent 1979-1990 (Also 
(cont) adjustcd for 

area 
de~rivation) 

Diez-Roux Dictary Cross- 13095 l. Residential Census block Median household NR NS White men: Lower incorne was 
(1999) 83 intake scctionall 45% Men location groups incorne d associated with lower intake of fruits 
/USA (cont): 1987; 1989 45-64y and fish, and with grcatcr odds of 

fruits. Scx-race unhealthy dictary intake of fruits. 
vcgetables, specifie Black men: Lower incorne was 
rncat, l'ish. analysis associated with greater intakc of 
Unhcalthy cholcsterol and polyunsaturated fin. 
dietary White wornen: Lower incorne was 
imakc (0/1 ): associatcd with lowcr intake of fruits 
fruits. and fish, grcater intakc of mcat, and 
vegetables, greatc! odds of unhcalthy dietary intake 
mcat, l'ish. of fish and rneat. 
Nulrients Black wornen: Lowcr incorne was 
inlakc associatcd grealer odds of unhcalthy 
(cont): dictary intake of fruits. 
saturated fat, 
polyunsatura 
ted fat, 



Diez-Roù;t Scdentarism Cross- 70534 l, RiE 44 States Income inequalitylRobin NR NR Among lower income women, greater 
(2000)84 (0/1 ) scctional/ 43% Men Hood Index; incquality was assocÎated wÎth higher 
fUSA Smoking 1990 ~ ISy Sex-income BMI and greater odds of HBP. 

(011 ) specifie - Among higher income women, greater 
BMI (cont) analyses inequality associated with grealer odds 
HBP (011) of smoking. 

Among both sex and aeross categories 
of individual-1evel income, grcatcr 
inequality associated with greatcr 
likelihood of sedenta!1 behaviour. 

Duncan Smoking Cross- 9003 A, S, E, SC, 396 Electoral Ward-lcvel composite NR VC (Se) - Greater deprivation was associated with 
(1999) 85 (0/1) sectional! %MenNR ES,MS, wards index of deprivation cl Ward: 0.051 grcater odds of smoking. 
!VK 1984/85 AgeNR Housing tenure 198 Regions (0.02) 

Region:NS 
Ecob (2000) ~ Smoking Cross- 15y:1009; E, l, SC, MS, Postcode sectors Carstairs-Morris Index of NR Ail agelboth - Greater deprivation was associated with 
/UK (1/0; cont) sectional/ 35y: 985; Moved in the 5 deprivation d sex unhealthy diet laek of exercise, and 

Alcohol 1987/88 55y:I042; years VC (Se) = smoking. 
consumption preceding Unhealthy - Cross-lcvcl interaction: Among lower 
above safe interview diet 0.17 income groups, deprivation was 
limit (0/1) (0.07) associated with unhealthy diet 
Alcohol Sex-age - Among those aged 35y or 55y, greater 
eonsumption specifie deprivation was associated with 
levels (cont) analyses unhealthy diet, lack of exercise, and 
Diet (011) smoking, 
Exercise' 
(O/Il 

Ewing Any PA Cross- 206992 A, S, RiE, E, S3 Metropolitan Metropolitan sprawl NR NR Less sprawl at the county and MA 
(2003)87 (cont) sectionall %MenNR Smoking, areas (MAs) index;, levels were associated with higher 
IUSA Meeting Poolcd 18-75y Fruit! 448 Counties County sprawl index;, levels of walking for leisure 

guidelines survey data vegetable - Less sprawl al the county level was 
for PA (0/1) 199&-2000 eonsumption, associalcd with lower BMl and fowcr 
Walking odds of obesily and HBP. 
(conl) 
Obesity 
(0/1) 
BMI (COOl) 
HBP (0/1) 
Diabetes 
(0/1 ) 



Fisher Walking: Cross- 582 A. S. RIE, MS, 56 City,defincd Social cohesion J, ICC for the NR - Highcr social cohesion, % of low-
(2004) 88 Latent sectional/ 31% Men E. 1, Health ncighbourhoods N'hood problems J, three items incomc houscholds_ % of senior 
fUSA variable 2001 :::: 65y status, Walking Safetyd, ofwalking - rcsidents, number of faeilities for 

comprising cfficacy % Low income d, SNR: walking, and % of White residents, 
three items. % White residents Item 1: were associated with greater levels of 
(cont): Senior population J, ICC=0.04 walking. 
1: Walk/ densityJ, Item 2: 
stroll in Facilities per n 'hood acre ICC = 0.03, 
n'hood Item 3: 
2: Walk/any ICC =0.02. 
physical 
activity with 
neighbours 
3: Walk/any 
physical 
activity in 
n'hood park 

Kairouz Drinking Cross- 4918 A, S, MS, E, 1 373 Census None NS NS - Examined between area variation only. 
(2005)8' (1/0; conti, sectional/ % Men NR subdivisions 
ICanada Alcohol YearNR :::: 15y 

Dependenee 
(011) 

Kavanagh Any Cross- 2349 A, S, E, 1, OS 50 Collectors % Low-income d VC (Se)= VC (Se) = - Higher % low-ineorne was assoeiated 
(2005)90 physieal sectional/ 44% Men districts Overall PA: Overall PA: with lower levels of any physieal 
IAustralia activity (0/1) YearNR 18-74y 0.127 NS activityandjogging. 

Walking (0.043) Walking: 
(011 ) Walking: 0.209 
Cyeling 0.242 (0.071) 
(011 ) (0.079) Cycling: 
Jogging Cyeling: 0.201 
(011 ) 0.226 (0.067) 
Swirnrning (0.073) Jogging: 
(011 ) Jogging: NS 

0.159 Swimming: 
(0.058) 0.127 
Swirnrning: (0.058) 
0.142 
(0.061) 
(Age-sex 
adjusted) 

~ 
X _. _. 



Leyland Presence of Cross- 8804 A,S,SC, 312 Postcodc 'Carstairs Index of lCC -0.011 ICC 0.010 - Greater deprivatiol1 was associa/cd with 
(2005) '1 one or more seetjona\! 43% Men Smoking sectors deprivation ", SNR SNR greatcr odds of having one or more 
/UK CVD 1998/99 18-74y Social class d, (Age-sex CVD conditions. 

conditions 'Smokcrs ". adjustcd) 

MS, employment i, employrnent, 
Perceptions of Dcnsity ofhouseholds i, number of street intersections, and 
Proximity to N umber of street number of green and open spaces werc 
recreational intersections \ associated with higher levels of 
facHities, Total green and open walking, 
Safety for spaees for rccreation i. - More favourable perception of number 
walking, of rcereational faeilities and safety for 
Safety From Within 0.5 mile radius walking were associatcd with higher 
traffle, around the home: levels of walking. 
Numberof Number street Cross-Ievel. interaction: In areas with 
nearby intersections i, grcatcr strect intersections, levcls of 
recreational Total green areas i. walking were higher among those 
faeilities ~erccivins. ![cater safe!X from trafflc. 

Lindstriim Leisure-time Cross- 3377 A, S,E. 74 City-<lefined Rcsidential mobility VC (Se) = NS No significant area effects. 
(2003)93 physical sectional/ 49% Men Foreign bom, administrative (social capital)" 0.171 
ISweden /lctivjty (0/1) 1994 20-80y Social areas (0.053) 

~artici~ation 
Lindstriim Smoking Cross- 3393 A,S.E, 77 City-defined None VC (Se) NS Examined betwccn area variation only. 
(2003)" (0/1) sectional/ 49% Men Foreign bom, administrative 0.085 
/Sweden 1994 20-80y Social areas (0.034) 

~articiI!ation ICC =0.025 
:\1orland Meeting Cross- 2392 Black S,E,I 208 Ccnsus Number of supermarkcts " NR NR Black Americans: Greater nurnber of 
(2002)9~ dictary sectionall Americans tracts Number of smaH grocery supermarkcts was associated with 
fUSA guidclines in 1993-1995 36% Men Race/ethnÎcity stores i. greater odds of meeting dietary 

(0/1 ): 8231 White specifie Numbcr of full service guidclines for fruits and vcgetablc 
Fruits & Americans analyses restaurants i. intake, total and sarurated fat; greatcr 
Vegetables; 46% Men Number of fast-food numbcr of full-service restaurants was 
Cholesterol: 35-74y restaurants i. associated with greater odds of meeting 
Total fat: dietary guidelines for saturated fat. 
Saturared fat - White Amcricans: Greater numbcr of 

supermarkels was associated wilh 
grcater odds of meeting dictary 



Morris CHD Follow-upl 7735 A, Sc. Blood 24 Towns Water hardness " VC =0.028 VC =0.014 - No significant arca effects. 
(2001) 9" incidence 1978-1980; Men only pressure, BMI, Max tcmpcrature i

, SNR SNR 
fUK (0/1 ) 1996 40-59y Serum total Min Icmperature" (Age 

cholesterol, Daily rainfall i, . adjusted) 
PA, Smoking, Sunshine hours i. 
Alcohol 
consum];!tion 

* Reijneveld Smo~ing Cross- 23269 A,S,E 484 City-dcfincd General practitioner (GP) NR NS - For ail cxposurcs, grcatei' deprivation 
(2002)39 (0/1 ) sectionall %Mcn NR neighbourhoods dcprivation score d, was associatcd with grcatcr likclihood 
/The Poolcd ~ 16y 7 citics Mean in come d, ofsmoking. 
Netherlands survey data % Bcncfit-dcpcndcnt - Arca cffccis on smoking wcrc not 

1991-2000 camers d. consistent across cities. 
Robert BMI(eont) Cross- 3617 A, RIE. MS, E, 48 States Soeio-cconomic Women: VC (Se) - Higher socio-economic disadvanlagc 
(2004)" seetionall 38% Men l, ES, Asscts, disadvantage index", ICC 0.06 Womcn: and ineome inequality werc associatcd 
IUSA 1986 ~ 25y SN,PA, Income incquality/Gini (p<O.OOI) 1.05 (0.33) with highcr BMI among women only. 

Smoking, coefficient" Men: (p<O.OI) 
Financial %Black d ICC 0.11 Men: 1.74 
chronic stress, (p<O.OOl) (0.48) 
Numberof (p<O.OOl) 
slressful evenls 

Sex-specifie 
anallses 

Scribner Alcobol Cross- 2604 A, S, RlE,E 24 Census tracts Mean distance to the 11.5% NR - Grcater mcan distance to closest aleohol 
(2000) 98 consurnprion sectionall % Men NR closest alcohol oullet i SNR outlet was associatcd witb lower alcobol 
fUSA (cont) Year NR > 18l eonsuml:'tion. 
*Stafford Wais to hip Cross- 5539 A,S, 2112 Wards Townsend Deprivation NR NR - Highcr deprivation was associatcd with 
(2003) .0 ratio (cont) sectionall 70% Men Employment Index d bigber mcan waistlbip ratio. 
IUK 1997-1999 AgeNR grade, 

Problems with 
n'bood. 
Financial 
problems, 
Dissatisfaction 
with living 
standard, 
Position on 
social ladder 



Stjiirne Myocardial Case- Case: A,E,OS, 862 Small Townsend Deprivation Women: NR - Greater deprivation and social 
(2004)" . infarction control/ 1546 Labour market residential areas Index d, VC=0.146 fragmentation were associated with 
ISweden (MI) (rate) 1992-1994 69% Men position, Congdon's Index of social SNR greatcr risk of MI; the effect was 

Control: Cohabitinglnon fragmentation d. Men: stronger among women than among 
2064 cohabiting, SN, VC = 0.065 men. 
66% Men Smoking, SMI, SNR 
45-70y Hypertension, 

Sex-specific 
analx:ses 

Sundquist Obesity Cross- 9240 A, S,E 8519 Small-area Care Need Deprivation NR NR Greater deprivation (as measured by 
(1999) 100 (0/1 ) sectional/ % Men NR market statistics Index d, both indices) was associated with 
/Sweden Smoking 1988/89 25-74y Townsend Deprivation greater likelihood of smoking, physical 

(0/1) Index d. inactivity, and obesity. 
PA{OII ) 

Sundquist Coronary Follow-up/ 2637628 A,I 8547 Small-area Care Need Deprivation NR Women: Greater deprivation was associated with 
(2004) 101 heart disease 1995-1999 50% Men market statistics Index d VC (Se) = higher risk of developing coronary heart 
/Sweden (rate) 40-64y Sex-specific 0.084 discase. 

analyses (0.009) 
ICC =0.025 
Men: 
VC (Se) = 
0.034 
(0.004) 
ICC=O.OIO 

Sundquist Coronary Follow-up/ 25319 A, S,E,I, 6145 Small-area % Less than 10y of NR VC (Se)- - Lower education and in come levcls 
(2004) 102 heart disease 1986-1993; 49% Men Smoking, market statistics education d, 0.25 (0.10) were associated with higher risk of 
ISweden (rate) 1997 35-74y Years of % Income in lowest (Also developing coronary heart disease. 

n'hood national quartile d adjusted for 
residency area Ineome 

and 
education) 

Tonne Survival Cross" 3423 A, S, RIE, III Census Median income J, NR NR Greatèr levcls of overcrowding, % 
(2005) 103 after acute sectionall 58% Men Medical tracts % Below poverty line d, living below the poverty line, % low 
IUSA • myoeardial 1995: 1997; 2: 25y history; % Low education d, education, greatcr deprivation, and 

infarction 1999;2001 Clinieal % Overcrowding d, lower median ineome were assoeiated 
(AMI) (eont) complications; Composite deprivation with lower survival after AM!. 

AMI order and score (four measures) d. 

tllle 



Twigg Smoking Cross- Sample A,S, MS Wards % Population with no NR NR - Higher % of population with no car and 
(2000) Il)., (0/1) sectionall size NR car u, privatcly renting associated with greater 
IUK Alcohol Year NR % Men NR % Population with dual odds of smoking; higher % of dual car 

consumption 2: 16y car ownership d, ownership was assoeiated with lower 
(0/1) % Population privatcly odds of smoking. 

renling d, Higher % of population of higher social 
% Population higher cIass, privatcIy renting, and dual car 
social class (1 or lIa) d. ownership were associated with greater 

odds of problem drinking. 
Cross-Ievcl interactions: Single women 
living in areas of higher-% of privatcly 
rented households had higher odds of 
problcm drinking; those living in more 
affluent areas had higher odds of 
smoking. 

Van Lenthe Overweight Cross- 8897 A, S, E 86 Index ofneighbourhood NR NS - Grcater deprivation was associated with 
(2002) ''''' (0/1) sectional/ 49% Men Administrative deprivation d higher odds of overweight. . 
/The 1991 20-70y neighbourhoods Cross-Icvel interactions: Higher 
Netherlands deprivation was associated with greater 

odds of overweight among women, in 
the 2: 49 Y group, and in ail education 
l[OU[!S exce2t highest. 

van Lenthe Walking/ Cross- 8767 A,S,E 78 Index of neighbourhood NR NR Greater deprivation was associ.ated with 
(2005) Il>6 cycling to scctional/ 49% Men Administrative deprivation d 10wer odds of almost never walki ngl 
rrhe shopslwork 1991 20-70 Y neighbourhoods General physical design of eycling to shops or work, with greater 
Netherlands (0/1 ); neighbourhood ;, odds ofalmost never walking, cycling 

Walking/ Quality green facilities ;, or gardening in leisure time, and with 
cyclingl Noise pollution from lower odds of sport participation. 
gardening in traffic ;, Poorer general physical design and 
leisure time Police attention required;, higher levcls of noise pollution were 
(0/1); Availability food shops;, associated with greater odds of almost 
Sport Availability sports and never walkingicycling and gardening 
participation recreational facilities ;. during leisure time. 
(0/1) - Lcss proximity to sports facilities and 

low levels of police attention associated 
with low participation in sport. 

- Cross-Ievel interactions: Odds of almost 
never walkingieycling to shops or work 
lowcr in the 20-49 y group in areas with 
greater noise 20llution; l[eater in the 



Wendel-Vos Walkingl Cross- 11541 A,S,E 300m radius and 
(2004) J07 cycling for seclionall 46% Men 500m radius 
/The (conl): 1998 20-59 Y around postal 
Netherlands Recreation; code 

Commuling; 
Overall. 

Square area of green and Between 
recreational space: per50n 
Woods', variance 100 
Parks i. limes greater 
Sport grounds '. !han 
Allotmenls " between 
Day-trip grounds i. postal code 

variance; 

NR 

50-70 Y group in areas with kss 
proximity to shops; and lowcr in the 50-
70 Y group in more deprivcd arcas. 

- ln areas defined by the 300m radius 
only, square area of sport ground was 
associated with more overall cycling, 
cycling for Jeisure and for commuling 
purposes; square area of parks was al50 
significantly associated with more 
cycling for commuting, 

x 
',( , 
, 



Mortality 

Citation Health Design/year Individual Individual 
/Iocation ·Outcome of data , sample characteristics 

/Analytic collection size adjusted for 
variable (individual (sexlage 

level) range) 
Borrel Mortalilyall Cross- 4393 E 
(2002)10" in jury (rate); sectional/ 63% Men 
/Spain Mortality 1992-1998 > 19y Age-sex 

from (rate): specific 
Traffic analyses 
in jury; 
Falls: 
Drug 
overdose; 
Suicide; 
Other 
injuries, 

Bosma Ali-cause Cross- 8506 A, S, E, OS, 
(2001) 109 mortality sectionaV % Men NR Healthstatus, 
/The (rate) 1991 15-74y Being 
Netherlands , unemployed or 

disablcd, 
Severe 
financial 
problems 

Sample size of Area-Ievel exposures Crude 
' areas between 

area 
variation 

38 City-defined % Unemployed men d, NR 
neighbourhoods % Men injail"-

86 % Primary schooling d, Significant, 
Administrative % Unskilled manual but no 
neighbourhoods workers d, vanance 

% Unemployedldisabled d, estimates 
% Severe financial reported. 
problems "-

Adjusted 
between 
area 
variation 

Mortality 
from ail 
in jury 
Men: 
0,016 
(p=O,OOI) 
Women: 
0,027 
(p<O.OOI) 
(also 
adjusted for 
% 
unemployed 
men); 
Mortality 
from drug 
overdose 
Women: 
0.295 
(p<0.001) 
(also 
adjusted for 
% men in 
jail) 
NS, 

-

Significant adjusted area efTects 

-

-

Higher % ofunemployed men was 
assoeiated with overall injury mortality, 
and with mortality from fa Ils among 
men only, 
Higher % ofmen injail was associated 
with greater likelihood of fatal drug 
overdose, 

Greater % of unemploymentldisability 
and presence of sevcrc financial 
problems were associalcd with greater 
ali-cause mortality, 

x 
X 
X 
$ . ..... ..... 



Curtis 
(2004) 110 

JUK 

Franzini 
(2003) 111 

IUSA 

Ail-cause 
mortality 
(rate) 

Yearsoflife 
lost (YLL) 
to premature 
CVD 
mortality 
(cont) 

Longitudinal 
11939; 1981 

Cross 
Seetionall 
1991 

62719 
40% Men 
40-59y 

50268 
% Men NR 
2::25y 

A, S, SC, MS, 
ES, Housing 
tenure 

S, RiE, Age 
adjusted 
edueation 

192 Categories 
of residential 
areas 

12344 Census 
block groups; 
3788 Census 
tracts; 
247 Counties 

1981 Ward of residence: 
Carstairs Index of 
deprivation ", 
Broad regionallocation d. 

1939 Area of residence: 
In cconomic depression d, 

Population density d, 

% Population semi-skilled 
or unskilled manual work" 
% Population in 
overerowded housing d, 

Unemployrncnt rate d 

Ccnsus block groups: 
Median house value" 

Census tracts: 
% Collegc·degree d, 

% Blacks d, 

% Hispanics d, 

% Homeownership d 

Countics: 
% High school diploma d, 

% Sorne college d, 

% Collcgc degree d, 

Median income d, 

Poverty rate d, 

Uncmployrnent rate d, 

% Blacks", 
% Hi;panics d, 

% Horneowncrship d, 

Crime index d, 

Income inequality 
IRobin hood index ;, 

NR 

NR 

NR 

Block 
groups: NS 
Census 
tracts: 3.JO 
(p<0.05) 
County: 0.46 
(p<O.05) 
(Also 
adjusted for 
block group, 
census tract, 
and county 
variables). 

Mortality risks wcrc lower for people 
originating from affiuent arcas in 1939 
after controlling for 1981 arca type. 

- Block-group level: Higher median 
house value was associated with 
reduccd YLL. 

- Census tract level: Greater % Blacks 
and % Hispanics were associatcd with 
deerease in YLL for Blacks and 
Hispanics. 

- Counly levcl: Highcr % of 
homeownership was associated with 
lower YLL, and worse crime index was 
associaled with inereased YLL. 

• Cross-levcl interactions: Effect of lower 
crime at the eounty Icvel and YLL was 
wcaker among womcn. 

- Effect of mcdian house value on YLL 
was greater among high-cducation 
individuals. 
Effeel of county level homcowncrship 
on YLL was stronger for Blacks. 

- Effee! of median house value of census 
block groups on YLL more important 
in counties with higher % of 



Membree ' Overdose Case- 1178 A, S, RIE 59 Residcntial (d) Median houschold NR NR - Ail charactcristics of the external built 
(2005)1l2 mortality controV 77% Men community im;omc', environmcnt, exccpt % buildings with 
/USA (ratio) 1996 15-64y districts (d) N'hood drug usc d

• any external wall problems, were 
External built associatcd with a higher likclihood of 
cnvironment - % buildings overdose moitality, 
in: - Greatcr % of housing units 
Dilapidated condition" expcricncing toilet breakdowns, 
Deteriorating condition " needing additional hcaling in wintcr. 
External wall problems i, with large arcas of peeling plaster or 
Window problems i, paint werc associated with higher 
Stairway problems i, likclihood of overdose mortality. 
Clcan strectslsidewalks', 
Structural tires i. 
InternaI built environment 
- % housing units with: 
Toilet brcakdowns i, 
Non-functioning kitchcn 
facilities " 
>3 Hcat brcakdowns in 
winter', 
Additionalheating nccds 
in winter i

, 

Large area of peeling 
plastcr/paint " 
Internai water leaka~e i. 

Jaffe Ali-cause Follow-up 141683 . MS, E, Origin, 882 Statistical Religious affiliation , NR VC (Se): - Greater dcprivation was associated with 
(2005)113 (rate); 1983-1992 45% Men Continent of areas SES index d. Women:NS greater risk of mortality. 
!Israel CVD 45-89y origin MenaI! - Adjusting for area SES, stronger 

mortality ages: religious affiliation was assoeiated with 
(rate); Age-sex 0.020 lower risk of alI-cause mortality and 
Non-CVD specifie (0,005) CVD mortality among men and 
morta li ty analyses. (Also women, and with lowcr risk of non-
(rate) adjusted for CVD mortality among men only. 

area - Area-Ievel interaction: In lower and 
variables) average SES areas, religious affiliation 

was protcetivc ofmortality among 

x -



/ 

Jaffe Ali-cause Follow-upf 131156 .MS,E,I, 882 Statistical SES index d NR VC(Se) Greater deprivation was associated with 
2005) Il. mortality 1983-1992 45% Men Origin, areas Women greater risk of mortality .. 
/Israel (rate) 45-89y Numberof 45-69y: Cross-Ievel interaction: Effect of 

rooms in the 0.023 deprivation on mortality risks were 
house, (0.010) lower among low-income men in the 
Household 45-69 y group, and higher among high-
amenities score income men in the 70-89 y group. 
Age-sex 
specific 
anal):'ses 

Jerrett Ali cause Follow-upf 22905 44 individual 267 Zip Code Income d• NR NR - Greater concentration levels of PM2S 

(2005)115 mortality 1982-2000 %MenNR variables: areas Income i~equalityd, and 0 3, and presence of highway 
!USA (rate) AgeNR demographics, Education d, intersection were associated with 

Mortality by lifestyle, Population size d
, greater risk of all-cause mortality, and 

(rate): dietary, Racial composiTion d with mortality from IHD, 
Ischemic occupation, Unemployment d, cardiopulmonary diseases, and with 
heart disease education Potential exposure diseases of the endocrine and digestive 
(IHD); misclassification i, systems. 
Cardio- % Air conditioning i, When further adjusting for area SES, 
pulmonary; Particulate matter (PM2S)', social factors, and % air conditioning, 
Lung, Ozom: (03)', the effect of air pollution on ali-cause 
digestive, Intersection with highway and cause-specific mortality was no 
ther caneçrs; longer significant. 
Endocrine; 
Diabetes; 
Digestive; 
Accidents; 
Ali others 

Lochner Ali cause Cross- Sarriple A 342 % Perceived reciprocity d, NR NR - Greater economic disadvantage was 
(2003) 116 mortality sectionalf size NR Neighbourhood % Perceived trust d, associated with higher risk of ali-cause 
fUSA (rate); 1994-1996 68% Men Sex-race clusters Associational membership mortality and mortality from hcart 

Mortality by 45-64y specific per capita d, • disease, and with mortality from "other 
(rate): analyses Composite index of . causes" cxeept among Black men. 
Heart eeonomie disadvantage d. Higher levels of reciprocity, trust. and 
disease; civie participation were associated with 
Cancer; lower risk of all-càuse mortality and 
Other causes mortality from "other causes", and with 

lower mortality from heart disease 
among Whites onlt 



Marinacci Ali cause Longitudinal 1971/80: E, Place of 23 City-defined Neighbourhood NR NR Grcater dcprivation was associated with 
(2004) 117 mortaliLy /1971-1980; 799564; birth, ncighbourhoods Dcprivation index J higher risk of mortality. 
/Italy (rate); 1981-1991; 1981/91: Composite Cross-lcvel interactions: Effect of 

Mortality by 1991-1999. 889432; index of depri.vation on mortality by eoronary 
(rate): 1991/99: housing hcart and respiratory discases was 
Diabctes; 821736. conditions grcatcr among womcn and men aged 15 
Stomach %MenNR to 64 years; dcprivation increascd risk 
cancer; ?: 15y Sex-age of mortality by cercbrovascular 
Lung cancer; specitie diseascs but only among women. 
Psychol analyses 
diseomfort; 
CHD; 
Cerebro-
vascular 
diseases; 
Respiratory 
diseases. 

Martikainen Ali cause Follow-up/ 251509 E, SC, Housing 55 City-<lefincd % Manual workers J, Average Average Greater % of manual workers was 
(2003) 118 mortality 1991-1995 Menonly tenure, MS, neighbourhoods % People agcd > 60yd, relative relative associated with higher risk of ali-cause 
lFinland (rate); ?: 25y Housing Sodal cohesion d. deviation i.e. dcviation mortality, higher risk of mortality from 

Mortality by ·densîty howmany 25-64y= CVD, accident/violence, and alcohol in 
(rate): %on 4.1% thc 25-64y group, and with higher risk 
Lung cancer; Age-specifie average does Over64y= of mortality from CVD in the?: 65y 
Other analyses the mortality 2.6% group. 
cancers; rate of an SNR - Lower social cohesion was associated 
Disease of area di ffers wilh higher risk of all cause mortality 

. eirculatory from total and mortality from accident/violence 
system: mortality and aleohol in the 25-64y group only. 
Other rate: - Cross-Ievel interaction: ln the?: 65y 
diseases; 25-64y = group, those with lowcr education had 
Accidents! 16.6% highcr risk of mortality in areas with 
violence; üvcr64y= both high and low % ofmanual workers 
Aleohol- 8.1 % and in arcas with high social cohesion. 
related SNR 
mortality 

~ ---



Mohlln Overall Follow-upf 7578 A, S, Sc. 396 Electoral Carstairs deprivation NR NR - Greater deprivation and lowcr % of 
(200S)Jl9 mortality 1984/85- %McnNR Housing wards; index ", persons involvcd in voluntary, core 
IUK (rate) 2001 AgeNR tenure, 198 % ln voluntary activity", volun~cering, social, altruistic, and 

Smoking, PA, Parliamcntary 
, 

% Core volunteers ", political activities wcre associated with 
Diet, Social constituencies ' % Social activity", higher risk of mortality, but in separatc 
capital (feel % Altruistic activity"; models only. 
part of % Political activity", 
community, % Voters in last c1cction", 
people to rc\y % Thinking local friends 
upon, feel arc important", 
lonely) % Bdonging to n 'hood d, 

% Would work to 
improve n'hood rl

, 

% Talking to ncighbours " 
% Feeling the local area is 
fricndlycl, 
Standardised blood 
donation rate cl. 

Roos Overall Follow-upl Nova A, S, I,E, Census Houschold income d
, NR NR - No significant main area effeets. 

(2004) Il. mortality Nova Scotia: Scotia Smoking, enumeration Dwclling value \ - Cross-Ievel interaction: For Manitoba 
ICanada (rate) 1990-1999; 2116 Diabetes, BMI, areas % Education < grade 9", only, lower incomc individuals had 

Manitoba: 48% Men Residential Unemployrncnt rate d
, greater mortality risk in more affluent 

1996/97- 18-75y mobility % Single mothcr d. areas than in less affluent areas. 
2002 

Manitoba 
8032 
47% Men 
18-75y 

Subramaniall Ovcrall Cross- 79813 cells . A, S. RIE 5532 Ccnsus . % Population living bclow NR Ccnsus Grcatcr povcrty was associatcd with 
(2005) l2! mortality sectionaV (6016425 block groups povcrty line in the ccnsus tracts: higher mortality risk cspccially among 
fUSA (raie) 1989-1991 individuals 1307 Census tracts rl Blacks Blacks. 

grouped in tracts VC =0.524 Povcrty accounted for raciall ethnic-
79813 ce Ils (p<O.OOI) spcci fic hetcrogcnci ty in mortality at 
cross- Whites the census tract levcl. 
tabulated VC = 0.085 
byage, (p < 0.00l) 
scx, racel 
ethnicity) 
% MenNR 



Veugelers Overall Follow-upl 2116 A, S.E, 1, 
(2001) 122 mortality 1990-1999 48% Men Smoking, 
ICanada (rate) 18-75y Diabetes, BMI 

WaitzInan Overall Follow-upl 136956 A, RIE, E, 1 
(1999) ,2) mortality 1986-1994; % Men NR 
fUSA (rate) 1995 35-65y 

Yen (1999)'24 Overall Follow-upl 996 A, S, RIE, 
IUSA mort a lit y 1983; 1994 43% Men Smoking, BMl, 

(rate) 36-96 y Alcohol 
consump'tion. 
Perceived 
health status 

705 Census Household income", 
enumeration Dwclling value;, 
areas % Education < grade 9", 

Unemployment rate", 
% Single mother " 

34 Metropolitan Spatial incqualityl 
areas cconomic segregation ". 

ln come incquality/Gini 
coefficient ;, 
Median incomc"·, 

Census tracts Social cnvironment score: 
Population SES: 
Per capita income". 
% White-collar 
employees", 
% Crowding"; 
Commercial stores per 
1000 people;; 
Environmentihousing: 
Population size", 
Arca (square miles);, 
% Renters", 
% Single-family 
dwellings d 

NR NR 

NR NR 

NR NR 

- No significant main area effects. 
- Cross-Ievcl interaction: Within affluent 

arca only, mortality risks wcrc lower 
among high-income individuals. 

- Greater economic segregation and 
income inequality wcre associated with 
greater risk of mortality. 

- Poorer social environment was 
associated with higher risk of mortality. 
Lower population SES, lower 

. environmcntihousing 'score, and more 
commercial stores were associatcd with 
highcr risk of mortality. 
Cross-Ievcl interactions: Lower 
environment/housing score and higher 
population SES were associatcd with 
greater risk of mortality among lower 
income individuals. 
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MÉTHODOLOGIE (notes supplémentaires) 

Potentiel de vie active des milieux résidentiels 

.Choix des indicateurs 

Dans la littérature sur les déterminants environnementaux de la marche, le choix des 

indicateurs du potentiel de vie active des milieux, de même que leurs mesures, 

varient selon les études. Les indicateurs les plus fréquemment utilisés sont liés à la 

mixité des usages du sol, à l'accessibilité aux services, à la densité de la population 

ou densité résidentielle, à la connexité et configuration du réseau de rues 

(Transportation Research Board and Institute of Medicine of the National Academies 

[TRB & IOM], 2005). Chacun de ces indicateurs sous-tend des processus d'influence 

différents sur les comportements de marche (Leslie, Coffee, Frank, Owen, Bauman, 

& Hugo, 2007). 

Les chercheurs proposent que la derisité de population influence positivement les 

comportements de marche de par la masse critique qu'elle crée dans les milieux de 

vie: plus il y a de gens qui marchent, plus il y a de possibilités de voir des gens 

marcher et de se sentir en sécurité et donc plus il y a d'incitatifs pour la marche 

(Forsyth, Oakes, Schmitz, & Hearst, 2007). Une plus grande densité de population 

implique aussi une plus grande congestion automobile au point où marcher, ou 

marcher pour prendre le transport en commun, est plus facile que de se déplacer en 

automobile. Une plus grande mixité des usages du sol confère la norme d'une 

diversité importante dans la trame urbaine qui favorise la marche vers les diverses 

destinations. L'accessibilité à des services multiples et diversifiés offre l'opportunité 

de se déplacer plus fréquemment pour les achats sur une distance réduite, et donc 

pouvant être parcourue à pieds. Finalement, la connexité du réseau de rues procure un 

plus grand choix de routes possibles pour se rendre à une destination, mais aussi des 

temps de déplàcements plus courts. 
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Bien que la densité de la population, la mixité de l'occupation du sol, l'accessibilité 

aux services et la connexité du réseau de rues réfèrent à des dimensions uniques et à 

des processus d'influence multiples sur les comportements de marche, ces indicateurs 

du potentiel de vie active du milieu se concrétisent souvent aux mêmes endroits dans 

l'environnement urbain. L'environnement bâti émerge de l'interaction de trois 

composantes qui encouragent ou rèstreignent les activités de marche : la 

configuration de l'occupation du sol, le système de transport et le design urbain (TRB 

& rOM, 2005). Dans le cadre de la thèse, le choix a été fait d'étudier les 

caractéristiques des milieux résidentiels liées à la configuration des usages du sol et 

ayant le potentiel de favoriser une vie active parmi les populations locales. Trois 

indicateurs de la configuration des usages du sol ont été retenus, la densité de 

population, la mixité des occupations du sol et l'accessibilité à des services de 

proximité. 

De futures études pourraient porter sur d'autres indicateurs, par exemple la connexité 

. du réseau de rues, la structure du réseau piétonnier (trottoirs, traverses piétonnes, 

etc.), la vitesse de circulation automobile et l'attrait esthétique (indice de végétation, 

style architectural). 

Mesures du potentiel de vie active calculées au niveau des aires de diffusion (AD) 

Densité de population. La densité de la population réfère au nombre d'individus par 

unité de surface, ici au ratio entre le nombre total d'habitants et la superficie (km2
) de 

l'AD. Les données sur la taille de la population pour chacune des AD proviennent du 

fichier du recensement canadien de 2001. 

Cette mesure de densité de population est brute, c'est-à~dire qu'elle tient compte de 

toute .1' unité de surface de l'AD et non pas uniquement de la surface résidentielle 

(dans ce cas, il est question de densité nette). Une limite méthodologique d'une 

mesure brute, est que plus l'aire de l'AD est importante, plus la densité de population 

diminue en raison d'occupations non-résidentielles du sol ce qui a pour effet de diluer 
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l'estimation totale de la densité de population. Des mesures plus précises de densité 

de la population par surface résidentielle ou encore de densité des logements par 

superficie développée auraient pu être calculées. 

Néanmoins, une mesure brute de la densité de la population a été retenue, et ce, pour 

trois raisons. D'abord, puisque la marche se pratique à la fois dans les endroits 

résidentiels et non-résidentiels, une mesure brute de densité représente donc la 

densité de la population dans son ensemble dans une aire donnée, et est donc une 

mesure du potentiel de vie active du milieu appropriée (Forsyth et al., 2007). Ensuite, 

les diverses mesures de densité de population sont fortement associées les unes aux 

autres sur l 'ÎI~ de Montréal. Par exemple la corrélation (Pearson) entre la densité de 

population et la densité de logements par km2 est de 0.96 (p<O.OOI), alors que la 

corrélation (Spearman) entre la densité de population et la densité de population 

ajustée selon la superficie résidentielle de l'AD est de 0.83 (p<O.OO 1). Ces fortes 

corrélations indiquent que le choix d'une mesure n'introduit pas d'erreur significative 

en comparaison à d'autres mesures. Finalement, il se peut que, pour une même 

densité de logements, la densité de population soit différente. 

Quartier 

Petit Plateau 

Mile End 

Parc-Extension 

Densité de logements 

6646 

6927 

7429 . 

Densité de population 

Il 223 

13 603 

18945 

C'est le cas par exemple en comparant les quartiers de Parc Extension, Plateau Mont­

Royal et Mile End, qui bien qu'ayant des densités de logement similaires, la densité 

de la population est plus élevée dans Parc Extension que dans les deux autres 

secteurs. 

Mixité des occupations du sol. La mixité des occupations du sol correspond à la 

diversité des occupations du sol par unité de surface. Elle est été calculée à l'aide 

d'un indice d'entropie (Theil, 1972; Theil, 1971) soit: 
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Ei =-Ï[(AuIDi)ln(AuIDJ] /lnn 
;=1 (Équation 1) 

Où Aij est la superficie de l'occupation du sol i dans l'aire de diffusion j, Dj est la 

superficie de l'aire de diffusion j, et n est le nombre total d'occupations du sol. 

L'indice d'entropie varie entre 0 et l, où 1 correspond à une AD diversifiée, et 0 à 

une AD caractérisée par une seule occupation du sol. Cet indice a été utilisé dans 

plusieurs études pour caractériser la diversité des occupations du sol (Frank, Schmid, 

Sallis, Chapman, & Saelens; Cloutier, Apparicio, & Thouez, 2007). 

La mixité des occupations du sol a été calculée à partir du plan de l'occupation du sol 

de la Ville de Montréal, dans lequel le territoire est catégorisé en 16 occupations 

(Communauté urbaine de Montréal, 2001)1. L'occupation du sol réfère à 

« l'utilisation ou la fonction réelle et actuelle de chaque terrain sur le tèrritoire» 

(Service de la mise en valeur du territoire; Division de l'aménagement, 2001). Les 

occupations du sol de chacun des polygones ont été vérifiées à l'aide de photos 

aériennes et de visites sur le terrain et validées par les données du rôle de 

d'évaluation de 1999. 

Il aurait été possible de mesurer la mixité des usages du sol à l'aide d'autres sources 

de données, telles la carte cadastrale et la carte du rôle foncier, mais ces dernières 

n'ont pas été retenues. D'abord, la carte cadastrale n'est pas diffusée par la ville de 

Montréal; il était donc impossible de travailler avec cette dernière. La carte du rôle 

foncier, bien qu'en certains cas plus précise que le plan des occupations du sol, 

contient de nombreuses limites. D'abord, les seules occupations retenues sont les 

occupations résidentielles, commerciales et surfaces de bureaux et donc n'offrent pas 

1 Les 16 occupations du sol sont: Habitation faible densité; habitation moyenne densité; habitation 
haute densité; commerce de détail; centre commercial; édifice à bureaux; équipement et service 
communautaire; service d'utilité publique; indùstrie; carrière; site d'enfouissement; espace vert; golf; 
cimetière; espaèe rural; espace vacant. 



un aperçu complet des différentes occupations du sol sur un territoire donné. En 

somme, cette base de données bien que très intéressante, est difficile à exploiter. 

. 
Comme une plus grande mixité des usages du sol confère l'idée d'une diversité dans 

l'environnement qui favorise la marche vers diverses destinations (Leslie et al., 

2007), les 16 occupations du sol différentes ont été retenues pour le calcul de l'indice 

d'entropie. En cela, la mesure est similaire à celle utilisée par certains groupes 

d'auteurs (Cerin, Leslie, du Toit, Owen, Frank, 2007) mais diffère de celle utilisée 

par d'autres chercheurs dans des études où la mixité des usages du sol est fonction de 

3 occupations, c.-à-d. résidentielle, commerciale et surface de bureaux (Frank et al., 

2005). Cet indice ne détermine pas le type d'occupation du sol dominant dans l'aire 

d'étude, mais bien jusqu'à quel point l'occupation du sol est homogène, c.-à-d. si elle 

est caractérisée essentiellement par une fonction, ou si diverses fonctions sont 

combinées. 

Dans des études futures, il serait intéressant d'explorer la création de typologies des 

occupations du sol (déterminée à l'aide du K-means par exemple). Une telle 

typologie permettrait de déterminer, par exemple, les AD caractérisées par des 

occupations résidentielles et commerciales, ou encore par des types d'occupations 

industrielles et terrains vacants. 

Accessibilité géographique aux services de proximité. L'accessibilité géographique 

réfère à la facilité avec laquelle il est possible de rejoindre les services et les 

ressources (Hewko, Smoyer-Tomic, & Hodgson, 2002). Les mesures d'accessibilité 

les plus couramment utilisées sont la distance au service le plus proche, le nombre de 

services compris dans un rayon de n mètres, la distance moyenne à' l'ensemble des 

services ou aux n services les plus proches et le modèle gravitaire. Chacune de ces 

mesures réfère à une conceptualisation différente de l'accessibilité soit 

(respectivement) la proximité immédiate, l'offre dans une unité géographique 

donnée, l'offre de services dans l'environnement immédiat, le coût moyen à partir 

d'une origine pour rejoindre les services ou pour rejoindre une offre diversifiée de 
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services et l'attractivité potentielle des services en fonction de leur taille à partir 

d'une origine donnée (Apparicio, Abdelmajid, Riva, & Shearmur,2008). 

Plusieurs études ont démontré que le choix de la mesure d'accessibilité importe car 

chacune produira des cartes d'accessibilité différentes (Apparicio, et aL, 2007; 

Smoyer-Tomic, Hewko, & Hodgson 2004). Dans la thèse, l'accessibilité aux services 

a été mesurée en termes d'offre de services dans un environnement immédiat, 

puisque parmi les mesures décrites, elle correspond plus étroitement à r opportunité 
" 

de se déplacer plus fréquemment pour atteindre certains services situés à distance de 

marche d'un point d'origine. Cette distance a été fixée à 1000 mètres en fonction du 

réseau de rues. 

Jusqu'à présent, bien que certaines études démontrent qu'une plus grande 

accessibilité aux services et infrastructures est associée à des quantités et probabilités 

de marche plus importantes (Cerin et aL, 2007; Humpel, Owen, Leslie, Marshall, 

Bauman, & Sallis, 2004; Lovasi, Vernez-Moudon, Pearson, Hurvitz, Larson, 

Siscovick, et al., 2008; Owen, Humpel, Leslie, Bauman, & Sallis 2004), il Y a peu de 

consensus sur les services à inclure dans les calculs d'accessibilité. En lien avec le 

concept de vie active, l'hypothèse sous-jacente de l'influence de l'accessibilité des 

services et la marche, et que les. services et ressources de consommation de « la vie 

de tous les jours}} donc ceux utilisés sur une base régulière, puissent être accessibles 

à pieds. Dans cet optique, et en lien avec la conceptualisation de l'accessibilité 

définie selon l'offre de services dans un environnement immédiat, quatre types de 

services ont été retenus: les supennarchés d'alimentation (sept grandes bannières; n . 

167), les pharmacies de grande surface (n = 196), les bibliothèques (n = 55) et les 

banques (n = 4778, en fonction des huit bannières de banques et caisses différentes). 

Le choix des services a été formulé selon divers critères. En comparaison aux plus 

petits commerces de produits alimentaires, les supermarchés contiennent une plus 

grande variété de produits et les prix sont plus compétitifs. Bien qu'ils. ne 

représentent que 24% des commerces alimentaires sur l'Île de Montréal, ils 
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détiennent 80% des ventes (Apparicio et al., 2007). Les supermarchés sont dispersés 

sur l'Île de Montréal, c.-à-d. qu'ils ne sont pas confinés au carrefour de routes 

principales et se retrouvent aussi dans des secteurs à plus forte densité de population 

et de plus grande mixité commerciale. Par exemple, la plus grande concentration de 

supermarchés sur l'Île de Montréal se retrouve dans le quartier du Plateau Mont­

Royal (Apparicio et al., 2007). 

Lés grandes pharmacies ont été sélectionnées puisque la population à l'étude (adultes 

âgés de 45 ans et plus) est susceptible de fréquenter ces installations plus 

régulièrement, et qu'elles ont l'avantage d'offrir les services de pharmacies et une 

vaste sélection de produits à des prix compétitifs au regard des petites pharmacies. 

Les bibliothèques ont été retenues pour tenir compte des infrastructures culturelles 

des milieux, et du fait qu'elles sont fréquentées plus régulièrement par les 

populations locales que d'autres infrastructures culturelles comme les théâtres et 

musées. Par ailleurs, les bibliothèques se retrouvent souvent à proximité des maisons 

de la culture. Finalement, les banques et caisses populaires ont été retenues, car elles 

sont implantées dans tous les quartiers et sont donc plus dispersées dans la ville.· De 

plus, mise à part le quartier des affaires, leur concentration est souvent en conjonction 

avec l'offre de divers services. 

Les services ont été inventoriés et validés à l'aide de différentes sources 

documentaires, dont les sitès web et les pages jaunes (Apparicio & Séguin, 2006). 

Les services ont été géocodés au rôle foncier C.-à-d. au centroïde du bâtiment, 

approche qui est plus précise que le géocodage selon le code postal. L'accessibilité 

aux services a été mesurée en calculant les distances aux services situés dans un 

rayon de 1000 mètres, et ce, sur le rése~u routier (la distance réticulaire étant plus 

précise que la distance euclidienne) (DMTI Spatial, 2005). Les autoroutes n'ont pas 

été considérées dans les calculs d'accessibilité. Pour minimiser les erreurs 

d'agrégation (Apparicio et al., 2008; Hewko et al., 2002), les mesures d'accessibilité 

ont d'abord été calculées pour les centroïdes de chacun des îlots compris dans une 
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AD. Ensuite, la moyenne des mesures d'accessibilité pondérées par la population des 

îlots a été agrégée au niveau des AD. 

Il est certain que l'accès à d'autres services aurait pu être examiné. Par exemple, il 

aurait été possible de considérer d'autres services tels les cafés et restaurants, les 

commerces de produits alimentaires spécialisés et de plus petites surfacés 

(boucheries, fromageries, fruiteries, etc.), l'accès aux' stations de métro et arrêts de 

bus, ou encore la mixité de l'offre commerciale. Néanmoins, il est possible 

d'apprécier les services sélectionnés en tant que proxy de l'offre générale de services 

dans une unité spatiale donnée en raison de la co-localisation spatiale des différents 

services dans l'espace urbain. 

La création de d'unités spatiales homogènes 

Critères pour délimiter les zones 

Trois critères ont guidé le choix de la méthode pour créer des zones homogènes. 

D'abord, les zones devaient être créées en fonction de la distribution spatiale des trois 
. . 

indicateurs du potentiel de vie active des milieux. La taille de la population de la 

superficie des zones ne fut pas considérée puisque les zones ,devaient être définies sur 

la base de la distribution spatiale de ces indicateurs. Ces indicateurs n'ont pas été 

regroupés dans un indice composite (tel que développés par certains, ex. Frank et al., 

2005; Leslie et al., 2007) puisque les corrélations entre les indicateurs du potentiel de 

vie active étaient à la fois positives et négatives, ce qui aurait pu entrainer des erreurs 

de mesures du potentiel de vie active des milieux. Ensuite, la méthode pour créer des 

zones devait être optimale, C.-à-d. minimiser la variation intra-zone au niveau des 

indicateurs du potentiel de vie active et maximiser la variation inter-zones. 

Finalement, la méthode devait être rigoureuse, m~lÎs relativement simple à appliquer. 
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Délimitation {l'unités spatiales: revue des méthodes possibles 

Dans la littérature en géographie, plusieurs méthodes ont été développées pour créer 

des typologies d'environnement et délimiter des unités spatiales. Parmi celles-ci, 

notons les méthodes de tessellation, de « design automatique de. zones» et la 

détection de clusters statistiques et spatiaux. 

La tessellation réfère à la subdivision de l'espace en unités spatiales discrètes, c.-à-d. 

des unités contigües et qui ne se chevauchent pas. D'après Kemp (2008), il existe 

trois méthodes de tessellation : le carroyage en mailles régulières par lequel l'espace 

est défini en zones de taille et de forme identiques, les polygones de Thiessen / 

diagramme de Voronoï pour délimiter, à l'aide de la distance euclidienne, des zones 

d'influences autour d'un centroïde, et les « TIN» (triangulated irregular networks) 

pour modéliser l'environnement en trois dimensions. 

La méthode de carroyage est certes intéressante et aurait pu être appliquée pour créer 

des zones homogènes. L'avantage de cette méthode est d'utiliser des unités de base 

sans a priori si ce n'est qu'au niveau de leur t~ille et de leur forme, par opposition 

aux AD qui ont un a priori au niveau de la taille de la population et de leur 

imbrication dans les niveaux statistiques supérieurs que sont les secteurs de 

recensement et subdivisions de recensement (http://www12.statcan.ca/francais/ 

census06/reference/dictionary/geo021 a.cfm). Néanmoins, le carroyage soulève 

quelques problèmes additionnels, notamment l'optimisation de la taille initiale des 

mailles (quelle superficie déterminer ?) et la possibilité d'introduire plus 

d'hétérogénéité dans la mesure des expositions. 

Les AD ont été choisies comme unités fondamentales à la h,lmière d'autres études 

visant à délimiter des unités spatiales pour étudier les effets de milieux sur la santé. 

Ces études ont pour la plupart utilisé les plus petites unités statistiques disponibles, 

les « enumeration districts» au Royaume-Uni et les « census block groups» aux 

États-Unis. Par ailleurs, que l'on travaille avec la méthode de carroyage ou avec les 
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AD, les zones homogènes obtenues dépendront toujours des unités de base à partir 

desquelles elles auront été créées. Il serait certainement intéressant de comparer les 

deux méthodes. Mais à ce stade-ci de la thèse et à la lumière d'autres travaux visant 

le design de zones pour étudier les déterminants environnementaux de la santé, 

l'avantage de 1 ',une ou l'autre des méthodes ne peut être déterminé. 

Pour ce qui est de la création de l10uvelles unités spatiales à l'aide des polygones de 

Thiessen, cette méthode permet, à partir d'un nuage de points, d'apparier toutes les 

localisations dans l'espace au plus proche voisin dans le nuage de points; le résultat 

est la génération de polygones convexes. Les polygones ainsi créés contiennent 

toutes les localisations les plus près d'un point d'origine, alors que les frontières 

représentent les localisations qui sont équidistantes entre les points d'origine. Cette 

méthode est souvent utilisée pour définir des aires d'influence (catchment areas) 

d'infrastructures ou de services. 

Bien qu'intéressante, cette méthode ne permet pas de tenir compte de l'interaction de 

différentes variables spatiales dans le processus de création des zones. De plus, les 

frontières sont définies en fonction d'un point d'origine. Ainsi, pour étudier les effets 

de milieux sur la santé, la tessellation régulière est intéressante pour délimiter, par 

exemple, des zones en fonction du lieu de résidence des individus (une approche 

similaire est la délimitation de zones de proximité [buffers] en fonction du réseau de 

rues). Cette délimitation des milieux renvoie à la conceptualisation idiosyncratique 

de l'espace dans l'étude des effets de milieux, c.-à-d. que l'espace a une influence 

particulière pour chaque individu, et donc ne correspond pas à la conceptualisation de 

l'espace privilégiée dans cette thèse, soit l'espace intégré (le milieu est conceptualisé 

comme un niveau écologique d'influence dans lequel les individus sont imbriqués et 

exposés aux mêmes conditions). De plus, ces zones sont déterminées en fonction de 

la distance euclidienne. II existe des méthodes plus précises de tessellation par 

lesquelles les zones sont définies à partir de la distance réticulaire (réseau de rues) et 

~asées sur des fonctions globales d'analyse d'images, notamment les fonctions 

CostAllocation et EucAllocation (Cloutier, et al. 2007) 
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Le design automatique de zones réfère à l'emploi de logiciels avancés qUI 

automatisent la création de zones en fonction de critères prédéfinis (ex : Cockings & 

Màrtin, 2005; Haynes, Daras, Reading, & Jones, 2008; Flowerdew, Manley, & Sabel, 

2008). Or, bien que ces logiciels permettent de définir des unités spatiales dont 

l'homogénéité interne est optimisée, ils ne permettent pas une caractérisation 

multivariée des unités spatiales de base. Les variables en fonction desquelles les 

nouvelles unités spatiales seront déterminées doivent être combinées en un indice, ce 

qui est problématique dans le cas des indicateurs du potentiel de vie active. 

Finalement, une autre approche est la détection de clusters statistiques et spatiaux. En 

géographie, la classification des environnements, aussi connue comme 

géodémographie (Harris, Sleight, & Webber, 2005), permet de combiner de 

l'information sur la localisation spatiale avec des données démographiques pour créer 

des groupes (clusters) ou typologies d'environneni'ent. Les unités spatiales de bases 

sont regroupées à l'aide de méthodes de classifications statistiques, telles le K-means. 

Ces méthodes permettent de maximiser l'homogénéité interne des groupes et de 

maximiser les différences entre eux. Par contre, puisque la classification est 

statistique, les clusters créés ne sont pas géolocalisés. La détection de clusters 

spatiaux permettrait de localiser de tels groupes dans l'espace; toutefois, les logiciels 

actuels de détection de clusters spatiaux fonctionnent essentiellement avec des 

données ponctuelles et non des polygones (unités spatiales). 

Puisque qu'aucune des méthodes mentionnées ci-dessus ne répondait aux critères 

pour définir des unités spatiales homogènes en termes du potentiel de vie active des 

milieux, une approche qui combine une méthode de classification statistique, le K­

means, à la composante cartographique des SIG a été développée. Cette approche en 
\ 

trois étapes est définie en détails dans l'article 2 de la thèse, intitulé « Establishing 

the soundness of administrative spatial units for opera/ionalising the active living 

potenlial oIresiden/lal environments: an exemplar for designing optimal zones ». Les 

étapes de la création des unités ne sont pas reprises ici. 
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Les AD ont été utilisées comme unités fondamentales à être agrégées pour délimiter· 

des unités spatiales homogènes. Les AD sont de petites unités spatiales composées 

d'un ou plusieurs îlots (pâté de maisons dont les côtés sont délimités par des rues 

formant des intersections). L'Île de Montréal est divisée en 3222 AD dont la 

superficie moyenne est de 0.15 km2 (min: 364 m2
; max ~ 18 km2

) et une taille de 

population moyenne de 562 résidents (min: 44; max: 2138). Dix-sept AD avaient 

une superficie inférieure à 500 m2 (correspondant vraisemblablement une forte 

concentration de population (ex: des tours d'habitation); ces AD ont été fusionnées à 

l'AD dans laquelle elles étaient suitées. 

Les AD ont été retenues comme unités fondamentales puisque ce sont les plus petites 

unités spatiales pour lesquelles les données ,du recensement canadien sont diffusées 

(Statistique Canada 2003). Pour des fins de comparaison avec les secteurs de 

recensement, les zones devaient êtr~ caractérisées en fonction du SSE. Au moment de 

la création des zones, les données populationnelles du recensement étaient seulement 

disponibles au niveau .des AD, les micro-données du recensement n'étant pas encore 

disponibles. 
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Annexe III 

Projet MARCHE: Sommaire exécutif 
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Résumé du projet 

Environnements physiques et pratique de la marche chez les adultes 

La sédentarité représente un enjeu de santé publique important car les coûts 
occasiorinés par des maladies reliées à la sédentarité sont élevés, la prévalence de la 
sédentarité est importante et la prévalence de la sédentarité est plus élevée dans les 
populations défavorisées. Afin de développer des interventions populationnelles 
efficaces, il est donc primordial de mieux comprendre les déterminants individuels et 
écologiques de la pratique régulière de l'activité physique. En particulier, il existe 
d'importantes lacunes dans les connaissances en ce qui concerne l'association entre 
les environnements physiques du quartier de résidence et le niveau d'activité 
physique, et plus particulièrement, la marche. Une meilleure compréhension de 
l'association entre le potentiel piétonnier et la marche semble être une avenue 
prometteuse pour développer des interventions de type populationnel. L'objectif 
principal de ce projet de recherche était donc de développer un modèle conceptuel 
qui décrit l'association entre les environnements physiques et la marche dans des 
quartiers résidentiels situés dans des milieux urbains et de banlieue. À cette fin, nous 
avons constniÏt deux bàses de données qui ont ensuite été analysées par le biais de 
modèles statistiques novateurs. La première base de données a été constituée de 
données obtenus par observation sur les environnements physiques de 112 secteurs 
de recensement dans les 27 arrondissements définis selon la ville dans la région 
métropolitaine de Montréal. Des évaluateurs formés ont utilisé des grilles 
d'observation pour évaluer des aspects des installations physiques/environnementales 
de 112 quartiers (définis par. secteurs de recensements) circonscrits dans les 27 
arrondissements de la région métropolitaine de Montréal. Dans la deuxième base de 
données,près de 3000 personnes âgées de 45 ans et plus vivant dans les quartiers des 
arrondissements ont offert leur appréciation des différentes dimensions des 
installations physiques et environnementales de leur entourage et rapporteront leurs 
habitudes de marche dans le quartier. Les analyses statistiques ont: (i) documenter la 
validité et la fiabilité des mesures des installations physiques/environnementales, (ii) 
examiner les associations entre les installations physiques/environnementales et la 
pratique de la marche, (iii) examiner les associations entre les installations 
physiques/environnementales et différents indicateurs du statut pondéral; (iv) 
déterminer si les associations entre les installations physiques/environnementales et 
la pratique de la marche sont les mêmes chez les personnes ayant des incapacités 
physiques et celles n'ayant pas d'incapacités physiques. À partir de ces analyses 
collectives, nous avons développé un modèle des associations entre les 
environnements physiques du quartier de résidt:nce t:t la marche dans des 
environnements urbains et de banlieue. 



lx 

Annexe IV 

Projet MARCHE: Approbation du Comité d'éthique sur la recherche chez les 

êtres humains de la Faculté de médecine de l'Université de Montréal 
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