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FRENCH SUMMARY OF THE THESIS 1 

Introduction 

Contexte historique 

La documentation des différences sociales en matière de santé remonte à la deuxième moitié 

du dix-septième siècle, lorsque l'un des premiers démographes, John Graunt, détecta de 

grandes différences de survie entre les habitants de la pauvre paroisse de St Botolph's à 

Londres et les familles ducales. Au dix-neuvième siècle, des inégalités sociales de mortalité 

étaient observées et documentées partout en Europe. En France en 1840, Villermé montra que 

l'espérance de vie à la naissance variait de 28.2 ans pour les « fabricants, commerçants, et 

dirigeants » à 17,6 ans pour les « ouvriers », jusqu’ à 9,4 ans pour les « journaliers ». En 

Angleterre, les travaux de Farr, Engels et Chadwick, entre autres, montrèrent l’existence de 

fortes disparités de mortalité entre les strates le plus pauvres et les plus riches de la 

population. Bien que l'existence d’une relation linéaire entre les catégories sociales et la santé 

fût déjà évidente à partir de ces études, cette association était pensée comme une association 

entre la pauvreté ou les conditions de travail et la santé. Il commença à être clair dès le début 

du vingtième siècle que la relation entre situation sociale et santé était quelque chose de 

différent de la relation entre pauvreté et santé. En effet, les chercheurs réalisèrent que les 

écarts de santé entre groupes sociaux persistaient, malgré l’amélioration générale des 

conditions de vie et de travail des strates les plus pauvres de la population, et l’amélioration 

de santé qui en résultait.  

Une des premières tentatives visant à résumer les connaissances sur les inégalités sociales de 

santé, suggérer des potentielles explications, et proposer de possibles interventions pour les 

réduire fut le rapport Black, mis en place par le gouvernement britannique sous la présidence 

de Sir Douglas Black. Le comité non seulement montra encore une fois l’existence de grandes 

différences de mortalité et de morbidité qui favorisaient les catégories socioprofessionnelles 

supérieures, mais mis aussi en évidence un manque d'amélioration de la santé parmi les 

catégories socioprofessionnelles plus faibles, voire une certaine détérioration, entre 1960 et 

                                                 
1The thesis starts at p.28. This section is a summary of the whole content of the thesis in the French language. To 
avoid repetitions, the text has no references or citations. These can be found in the corresponding chapters of the 
thesis. / La thèse commence à p.28. Cette section est un résumé détaillé en Français du contenu de la thèse. Pour 
éviter des répétitions, le texte n’inclut ni référence ni citation. Celles-ci peuvent être trouvées dans les chapitres 
correspondants de la thèse. 



 14

1970. Les conclusions du rapport Black furent mal reçues par le gouvernement britannique. 

Ce rapport a toutefois généré un grand intérêt à la fois au Royaume-Uni et à l'étranger, et a 

permis d’inscrire les inégalités sociales de santé sur l’agenda des politiques de santé publique 

et de la recherche.  

Les décennies suivant le rapport Black virent une augmentation exponentielle de la recherche 

sur les inégalités sociales de santé en Europe et en Amérique du Nord. En réponse, à la fin des 

années 1990s, certains gouvernements européens mirent en œuvre des politiques visant à 

réduire l'écart de santé entre les groupes sociaux. Néanmoins, les travaux de recherche 

conduits dans les dernières décennies du vingtième siècle rapportent globalement un écart 

croissant de mortalité entre les différents groupes sociaux. Au début du vingt et unième siècle, 

les différences sociales en matière de santé constituent donc toujours une préoccupation 

majeure de santé publique dans le monde entier.  

La mesure des inégalités sociales de santé 

Il existe différents indicateurs de la position socio-économique. Ils peuvent être 

conceptualisés en référence à la fois au niveau auquel ils sont mesurés, en distinguant les 

indicateurs individuels et les indicateurs géographiques, et au moment de la vie où ils sont 

mesurés. Dans cette thèse, seuls les indicateurs individuels seront explorés, mais différents 

indicateurs de position sociale, caractérisant la situation sociale dans l’enfance et à l’âge 

adulte, seront considérés. L'évaluation de la situation sociale dans l’enfance est généralement 

complexe, parce qu’à l’exception des cohortes de naissance, la plupart des études utilisent des 

mesures rétrospectives. Les mesures les plus fréquemment utilisées sont le niveau d’études ou 

la catégorie socioprofessionnelle des parents, des marqueurs des conditions de vie tels que les 

conditions de logement ou l’apport calorique dans les premières années de vie, le niveau 

d’études de l’individu ou des mesures anthropométriques comme la taille ou la longueur des 

jambes à l’âge adulte. Bien que ces différents indicateurs soient souvent utilisés comme s'ils 

étaient interchangeables, ils peuvent représenter différents aspects des conditions de vie dans 

l'enfance. En effet, de nombreuses études ont examiné et comparé le lien entre différentes 

mesures de position sociale à l'âge adulte et l'état de santé. La conclusion est généralement 

que les différents indicateurs reflètent différentes dimensions de la situation sociale, et ne 

devraient donc pas être utilisés comme s'ils étaient interchangeables. Cependant, aucune étude 

n'a jusqu'à présent traité de cette question pour les indicateurs de la situation sociale dans 

l’enfance. 
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Les mécanismes qui expliquent les inégalités sociales de santé 

Une association inverse entre la position sociale et la santé a été observé pour presque toutes 

les maladies et la mortalité. En outre, les inégalités sociales de santé semblent être un 

phénomène universel, qui existe à travers les continents et les sociétés, et persiste dans le 

temps, indépendamment des changements des caractéristiques des maladies. Cependant, les 

mécanismes expliquant ces différences sociales de santé restent flous. Le rapport Black 

identifia quatre façons d'interpréter l'association entre la situation sociale et la santé. La 

première est que cette association est un artefact. Cette explication suggère que la relation 

apparente entre la position sociale et la santé dérive du processus de mesure de la position 

sociale et/ou de la santé. La deuxième est que c’est l’état de santé des personnes qui influence 

leur position sociale (théorie de sélection par la santé). Enfin, les deux dernières explications 

proposés par le rapport Black supposent que la position sociale des personnes influence leur 

état de santé. Une première explication nommée « culturelle/comportementale » voit les 

inégalités sociales de santé comme le résultat des différences observées entre les groupes 

sociaux dans les comportements de santé (tabagisme, mauvaise alimentation, consommation 

d'alcool, activité physique, abus de substances psychoactives…) ou dans l'utilisation du 

système de soins, en particulier pour les soins préventifs. Une seconde explication nommée 

« matérialiste/structurelle » met l’accent sur le rôle des conditions de vie matérielles dans la 

distribution de la santé et du bien-être. Pour les auteurs du rapport Black, qui exprimèrent leur 

préférence pour ces deux dernières explications, les différences sociales de santé étaient le 

résultat de facteurs agissant sur la santé à différents niveaux, de la distribution des revenus et 

de la richesse au sein de la société, à celle de facteurs comme les emplois dangereux, la 

mauvaise alimentation ou les mauvaises conditions de logement.  

Après le rapport Black, d’autres explications des différences sociales de santé ont été 

proposées. Dans les pays à revenu élevés, la persistance de ces différences sociales malgré 

l'amélioration générale du niveau de vie et des conditions de travail fut à l’origine du 

développement d’une interprétation « néo- matérialiste » des inégalités sociales de santé. 

Cette hypothèse suppose que, même si les conditions matérielles les plus élémentaires sont 

aussi satisfaites parmi les groupes sociaux les plus défavorisés, chaque niveau de l'échelle 

sociale peut apporter des bénéfices néo-matériels qui peuvent à leur tour produire des gains en 

santé. Une autre interprétation des inégalités sociales de santé, souvent comparée à celle néo-

matérialiste, est le «modèle psychosocial». Les origines de ce modèle remontent aux travaux 

de John Cassel qui soutint que l'environnement social était un facteur crucial dans la 
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détermination de la susceptibilité des individus aux maladies et par conséquence dans la 

distribution des maladies parmi la société. Les travaux de Cassel ont donné naissance à deux 

axes de recherche : 1) un premier se concentrant sur l’effet du stress au travail sur la santé. 2) 

un second se focalisant sur la contribution de l'environnement social (soutien social, cohésion 

sociale, capital social ou expérience de faible statut social, entre autres) ou des 

caractéristiques psychologiques des individus aux inégalités sociales de santé. 

Les chercheurs travaillant sur l’impact du stress au travail sur la santé remarquèrent que le 

manque de contrôle et d'autonomie au travail, la tension au travail, un mauvais équilibre entre 

effort et récompense ou un manque d'appui reçu de ses collègues étaient tous liés à une 

mauvaise santé. Comme ces facteurs étaient aussi différemment répartis entre les groupes 

sociaux, ils pouvaient être des médiateurs importants de l'association entre position sociale et 

santé. Un second volet de recherche développé à partir des travaux de Cassel se concentre 

plus spécifiquement sur l'environnement social en soi. Certaines études ont en effet examiné 

l'association entre le «capital social» et la santé. D'autres recherches ont plus particulièrement 

porté sur le rôle du soutien social au niveau individuel, ou des facteurs émotionnels tels que le 

contrôle, l'optimisme / pessimisme ou l’hostilité, dans l’explication des inégalités sociales de 

santé.  

Dans cette thèse, deux facteurs seront envisagés pour expliquer les inégalités sociales de 

mortalité: les comportements de santé et le support social. Les comportements de santé sont 

largement reconnus comme des déterminants majeurs de la distribution de la mortalité et de la 

morbidité au sein de la population. La plus forte prévalence des comportements de santé 

délétères parmi les groupes sociaux plus défavorisés pourrait donc expliquer, en partie tout au 

moins, les différences sociales de santé. Quelques études empiriques ont tenté de déterminer 

dans quelle mesure les différents comportements de santé contribuaient aux inégalités sociales 

de mortalité, et ont donné des résultats discordants. Ces résultats contradictoires peuvent 

s'expliquer en partie par des aspects méthodologiques. En effet, les comportements de santé 

n'ont pas toujours été mesurés de la même manière dans les différentes études. En outre, la 

plupart des études ont mesuré les comportements de santé uniquement au début du suivi, ne 

pas tenant en compte d’éventuels changements pouvant se produire au cours de la période 

d'étude. Une autre explication possible pour les résultats incohérents obtenus dans les études 

épidémiologiques peut être liée au contexte culturel. En effet, il existe d'importantes 

variations culturelles dans la prévalence et dans la répartition sociale des comportements de 

santé entre les pays.  
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Depuis la fin des années 1970, de nombreux travaux ont mis en évidence l'importance du 

soutien social pour la santé. Certaines études ont aussi montré que le soutien social est associé 

à la position sociale, en ce sens que les individus appartenant à des groupes sociaux favorisés 

sont plus souvent mariés, ont un réseau amical plus important, et s’engagent dans un plus 

grand nombre d'activités sociales. Cependant, peu d'attention a été accordée jusqu'ici au rôle 

du soutien social dans la formation des inégalités sociales de santé. Les quelques études qui 

ont porté sur ce sujet ont produit des résultats contradictoires. Les limites des études 

existantes sur le rôle du soutien social dans l'explication des inégalités sociales de santé sont 

similaires à ceux décrits précédemment pour les comportements de santé. 

Objectifs de la thèse 

L'objectif général de cette thèse est de décrire les inégalités sociales de mortalité dans deux 

cohortes européennes, l’étude britannique Whitehall II et l’étude française GAZEL, et 

d'examiner le rôle de deux facteurs, les comportements de santé et le soutien social, dans la 

genèse de ces inégalités. Plus spécifiquement, deux objectifs spécifiques peuvent être 

distingués: 

1a. Comparer l’ampleur des inégalités sociales de mortalité pour différents marqueurs de 

situation sociale. Des travaux antérieurs effectués sur ces cohortes ont déjà examiné 

l'association entre la position sociale à l'âge adulte et la mortalité. Pour cette raison, cette 

thèse se concentrera particulièrement sur l'association entre la situation sociale dans l’enfance 

et la mortalité, en distinguant la mortalité toutes causes et spécifique.  

1b. Examiner des mécanismes potentiels qui pourraient expliquer les différences sociales de 

mortalité dans les deux cohortes. Deux types de facteurs seront étudiés : les comportements 

de santé et le soutien social. Ces facteurs seront mesurés de façon répétée tout au long du 

suivi dans les deux cohortes. L’analyse comparative des deux cohortes utilisera une 

méthodologie analogue et des mesures harmonisées pour la position sociale, les 

comportements de santé et le soutien social. 
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Données et Méthodes 

Données  

L'étude Whitehall II a été mise en place en 1985 pour étudier le gradient social en santé parmi 

10 308 fonctionnaires publiques basés à Londres (6895 hommes et 3413 femmes), âgés de 35 

à 55 ans. Le premier recueil (Phase 1) a eu lieu au cours de la période 1985-1988, et a consisté 

en un examen clinique et un questionnaire auto-administré contenant des sections sur les 

caractéristiques démographiques, la santé, le mode de vie, les caractéristiques du travail, le 

soutien social, et les événements de vie. 

L'étude GAZEL a été mise en place en 1989 parmi les employés de la compagnie Electricité 

de France-Gaz de France (EDF-GDF). Au début de l’étude, 20 625 employés (15 011 

hommes et 5614 femmes), âgés de 35 à 50 ans, ont donné leur consentement à participer. 

L'étude consiste en un questionnaire annuel auto-administré utilisé pour recueillir des données 

sur la santé, le mode de vie, des facteurs individuels, familiaux, sociaux et professionnels, et 

les événements de vie. 

Mesures 

La position sociale: Différents indicateurs de position sociale, de l’enfance à l’âge adulte, ont 

été considérés dans cette thèse. Trois indicateurs de position sociale à l’enfance ont été 

examinés:  

• La catégorie socioprofessionnelle du père était auto-rapportée par les participants au 

début de l’étude dans les deux cohortes. Elle a été codée en profession manuelle ou 

non-manuelle.  

• Le niveau d’études (la plus haute qualification acquise durant les études à temps plein) 

était recueilli au début de l’étude dans les deux cohortes et, dans Whitehall II, plus 

précisément détaillée en 1997. Elle a été catégorisée en trois classes: niveau d’études 

élevé (>baccalauréat), intermédiaire (baccalauréat) et faible (<baccalauréat).  

• La taille a été obtenue de manière objective lors de l’examen clinique dans Whitehall 

II et auto-rapportée dans GAZEL. Elle a été codée en trois classes et utilisée comme 

une variable catégorielle, la classe de référence étant la taille moyenne plus ou moins 

deux centimètres pour le sexe et la cohorte considérés. 

Deux indicateurs de position sociale à l’âge adulte ont été évalués: 
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• La catégorie socioprofessionnelle a été définie en utilisant la catégorisation donnée par 

l'employeur, en trois niveaux: élevée, intermédiaires et faible. Dans les deux cohortes, 

ces trois groupes se distinguent par rapport au salaire, au statut social et au niveau de 

responsabilité. 

• Les revenus. Cette mesure n’était pas recueillie dans Whitehall II au début de l’étude, 

une mesure des circonstances matérielles a alors été utilisée à la place. Dans GAZEL, 

les revenus mensuels du ménage ont été recueillis au début de l'étude. Cette mesure a 

été utilisée en trois catégories. 

Les comportements de santé: Les comportements de santé pris en compte dans cette thèse 

sont le statut tabagique, la consommation d’alcool, la consommation de fruits et légumes et 

l’activité physique. 

Les mesures du soutien social: Trois indicateurs de soutien social ont été analysés dans cette 

thèse: le réseau social, la participation à des activités sociales, le statut marital.  

La mortalité: Les données sur le statut vital et les causes de décès sont mises à jour tout au 

long du suivi dans les deux cohortes. Dans les analyses de l'association entre les indicateurs 

de position sociale à l’enfance et la mortalité, les participants ont été suivis pour la mortalité 

jusqu'au 31 Janvier 2008 dans Whitehall II et jusqu'au 28 Février 2008 dans GAZEL. Pour les 

analyses de l'association entre les mesures de position sociale à l'âge adulte et la mortalité, la 

fin du suivi est le 30 avril 2009 dans Whitehall II et le 30 Septembre 2009 dans GAZEL. La 

mortalité toutes causes ainsi que la mortalité par cancer et par maladies cardiovasculaires ont 

été analysées. 

Méthodes 

Les taux de mortalité ajustés sur l'âge et le sexe (pour 1000 personnes-années) ont été calculés 

pour chaque indicateur de position sociale. L’association entre les différentes mesures de 

position sociale et la mortalité a été estimée par des régressions de Cox ajustées sur l’âge et le 

sexe. L'association entre la position sociale et les comportements de santé et l’association 

entre la position sociale et le soutien social ont été estimées par des régressions logistiques 

ajustées sur l’âge et le sexe. La contribution de chacun des comportements de santé (ou de 

chaque mesure de soutien social) dans l'association entre la position sociale et la mortalité a 

été déterminée en calculant le pourcentage de réduction du coefficient de régression associé à 

la position sociale après l’introduction du comportement de santé (ou de la mesure de soutien 

social) en question dans le modèle de Cox ajusté sur l’âge et le sexe (Modèle 1). La formule 
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suivante a été utilisée : "100 x (β Modèle 1 - β Modèle 1+ comportement(s) de santé)/ (β Modèle 1 )" (ou "100 x 

(βModèle 1 - β Modèle 1+mesure(s) du support social)/(β Modèle 1)". D’une manière similaire, la contribution 

de tous les comportements de santé (ou de toutes les mesures de soutien social) a été calculée 

en introduisant tous les comportements de santé (ou toutes les mesures de soutien social) 

simultanément dans le modèle.  

Résultats 

Association entre position sociale à l’enfance et mortalité 

Les mesures d’interaction ne suggérant pas un effet différent de la position sociale à l’enfance 

sur la mortalité dans les deux cohortes (p-value pour l'interaction entre la cohorte et la 

catégorie socioprofessionnelle du père = 0.16, le niveau d’étude = 0.85 et la taille = 0.46, pour 

la mortalité toutes causes), les analyses de l'association entre les conditions sociales à 

l’enfance et la mortalité ont été menées en utilisant des données regroupées des deux cohortes. 

Au total, 18 393 hommes et 7060 femmes ont été inclus dans les analyses.  

Les trois marqueurs de la situation sociale étudiés étaient différemment liés à la mortalité. Il y 

avait un gradient entre le niveau d’études et la mortalité (pour la mortalité toutes causes, les 

participants avec le niveau d’études le plus faible avaient un sur risque de mourir  de 42% 

(Intervalle de confiance (IC) à 95%=24%-69%) par rapport à ceux avec le niveau d’études le 

plus élevé). Il y avait une association en U entre la taille et la mortalité. Pour toutes les causes 

de mortalité sauf la mortalité coronarienne, les participants avec une taille inférieure à la 

moyenne (pour la mortalité toutes causes, HR=1.17; IC 95%=1.02, 1.34) et ceux avec une 

taille supérieure à la moyenne (pour la mortalité toutes causes, HR=1.16; IC 95%=1.01, 1.34) 

avaient plus de chances de mourir au cours du suivi que ceux avec une taille moyenne. Enfin, 

les participants dont le père avait une profession manuelle par rapport à une profession non-

manuelle étaient en général plus à risque de mortalité. Ce risque accru était fortement atténué 

après ajustement sur le niveau d’études et la taille. 

Association entre position sociale à l’âge adulte et mortalité 

Les analyses de l'association entre la position sociale à l'âge adulte et la mortalité ont été 

menées séparément dans les deux cohortes. Les deux mesures considérées, la catégorie 

socioprofessionnelle et les revenus, étaient fortement associées à la mortalité toutes causes et 

à la mortalité cardiovasculaire dans les deux cohortes. Dans GAZEL, la catégorie 
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socioprofessionnelle et les revenus étaient également associés à la mortalité par cancer, alors 

que dans Whitehall II seuls les revenus étaient liés à la mortalité par cancer. En dehors de la 

mortalité par cancer, l'association entre la situation socioéconomique et la mortalité était 

similaire dans les deux cohortes (p-value pour l'interaction entre les indicateurs de position 

sociale et cohorte = 0. 22 pour la catégorie socioprofessionnelle et = 0.66 pour les revenus, 

pour la mortalité toutes causes). La catégorie socioprofessionnelle a été utilisée comme 

indicateur de position sociale dans les analyses principales, les revenus ont été utilisés dans 

les analyses de sensibilité.  

Rôle des comportements de santé dans l’explication des inégalités sociales de mortalité 

Tout d’abord, la contribution des comportements de santé dans l'association entre la catégorie 

socioprofessionnelle et la mortalité toutes causes et cardiovasculaire a été estimée dans la 

cohorte Whitehall II de deux manières différentes : (1) en utilisant la mesure des 

comportements de santé au début du suivi, (2) en utilisant des mesures des comportements de 

santé mises à jour tout au long du suivi pour la mortalité. Les comportements de santé 

expliquaient 72% de la relation entre le niveau socioéconomique et la mortalité lorsqu’ils 

étaient pris en compte de façon répétée au cours du suivi, contre 42% lorsqu’ils étaient 

mesurés uniquement au début du suivi. Ainsi, dans les analyses suivantes, les comportements 

de santé (et les mesures de soutien social) ont été pris en compte de façon répétée au cours du 

suivi lors de l'analyse de leur association avec la mortalité et de leur contribution au gradient 

social dans la mortalité. 

Dans un deuxième temps, la contribution des comportements de santé aux différences sociales 

de mortalité a été comparée dans les deux cohortes. Pour l’étude Whitehall II 9771 et pour 

l’étude GAZEL 17 760 participants qui avaient répondu au questionnaire sur les 

comportements de santé au début de l’étude ont été inclus dans les analyses. Dans Whitehall 

II, les participants appartenant à la catégorie professionnelle la plus faible avaient un risque de 

mourir au cours du suivi supérieur de 62% (IC95%=28%; 105%) par rapport à ceux 

appartenant à la catégorie la plus élevée. Dans GAZEL, l’excès de risque étaient de 94% 

(IC95%=58%; 139%). Dans les deux cohortes, les quatre comportements considérés 

prédisaient fortement la mortalité. Les mauvais comportements de santé étaient aussi plus 

fréquents chez les participants appartenant à des groupes sociaux plus faibles. Toutefois, 

l’association entre comportements de santé et position sociale était beaucoup plus forte dans 

la cohorte Whitehall II que dans la cohorte GAZEL (p<0.001). En conséquence, dans l'étude 
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Whitehall II, l’ensemble des quatre comportements de santé expliquait ¾ des différences 

sociales dans la mortalité toutes causes et environ la moitié des différences sociales dans la 

mortalité cardiovasculaire. Dans GAZEL, l’ensemble des comportements de santé contribuait 

à 19%, 26% et 19% des différences sociales dans la mortalité toutes causes, la mortalité 

cardiovasculaire et la mortalité par cancer, respectivement. Les analyses utilisant les revenus 

comme indicateur de situation sociale donnaient des résultats similaires. 

Rôle du support social dans l’explication des inégalités sociales de mortalité 

La contribution du soutien social aux différences sociales de mortalité a également été 

étudiée. 10 196 participants dans Whitehall II et 17 467 participants dans GAZEL qui avaient 

répondu aux questions concernant le soutien social au début de l’étude, ont été inclus dans les 

analyses. Le statut marital prédisait constamment la mortalité toutes causes et la mortalité 

cardiovasculaire dans les deux cohortes. Le réseau social était associé à la mortalité toutes 

causes et cardiovasculaire dans l’étude Whitehall II mais pas dans l’étude GAZEL; la 

participation à des activités sociales était associée à la mortalité toutes causes mais pas à la 

mortalité cardiovasculaire dans l'étude Whitehall II et n'était pas liée à la mortalité dans 

GAZEL. Ne pas vivre en couple ou avoir une faible participation sociale étaient généralement 

plus répandus chez les participants appartenant à des groupes sociaux plus faibles, mais 

l’association des deux variables avec la position sociale était plus forte dans l'étude Whitehall 

II que dans l'étude GAZEL (p<0.001). Avoir un faible réseau social était généralement plus 

fréquent chez les participants appartenant au groupe socio-économique plus élevé. Dans 

l'ensemble, les trois mesures expliquaient 19% des différences sociales dans la mortalité 

toutes causes et cardiovasculaire dans l'étude Whitehall II. Dans l’étude GAZEL, les mesures 

de soutien social expliquaient, dans l'ensemble, 4% des différences sociales dans la mortalité 

toutes causes et par cancer et 7% des différences sociales dans la mortalité cardiovasculaire. 

Les mesures du soutien social contribuaient plus fortement aux inégalités sociales de mortalité 

quand la position sociale était mesurée par les revenus plutôt que par la catégorie 

socioprofessionnelle. Dans les deux cohortes, la contribution du soutien social aux différences 

sociales de mortalité était principalement attribuable au statut marital. 
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Conclusions 

L’association entre position sociale dans l’enfance et mortalité 

Plusieurs études ont examiné et comparé l’association entre différentes mesures de position 

sociale à l'âge adulte et l'état de santé. La plupart de ces études ont conclu que chaque 

indicateur reflète une dimension différente de la position sociale et que les différents 

marqueurs ne devraient pas être utilisés comme s'ils étaient interchangeables. Bien que 

plusieurs indicateurs de la situation sociale dans l’enfance aient été utilisés dans la littérature, 

presque aucune étude n’avait comparé l’association des différents indicateurs avec la santé. 

Dans cette thèse, les associations entre trois indicateurs de la position sociale dans l’enfance - 

la catégorie socio-professionnelle du père, le niveau d’études et la taille – et la mortalité 

toutes causes et par cause spécifiques ont été comparées. Les résultats montrent que les trois 

indicateurs sont différemment (et pour le niveau d’études et la taille, indépendamment) liés à 

la mortalité et leur association avec la mortalité dépend aussi de la cause de mortalité 

spécifique considérée. Cela implique qu’ils pourraient représenter différents aspects des 

conditions socioéconomiques dans l’enfance et, comme pour les indicateurs de la position 

sociale à l'âge adulte, ils ne devraient pas être utilisés comme s'ils étaient interchangeables.  

Un autre résultat important de cette étude est l’association en forme de U entre la taille et la 

mortalité. Des études précédentes avaient montré que les individus plus petits que la moyenne 

avaient un risque accru de décès par maladie cardiovasculaire, alors que les individus plus 

grands que la moyenne étaient plus à risque pour la mortalité par cancer. Dans cette étude, les 

personnes plus grandes que la moyenne avaient aussi un risque plus élevé de mortalité 

cardiovasculaire et les personnes plus petites que la moyenne avaient un risque accru de 

mortalité par cancer. Ces deux résultats sont relativement nouveaux dans la littérature. 

Concernant la mortalité cardiovasculaire, il a été suggéré que le risque plus élevé de décès 

chez les personnes plus grandes que la moyenne pourrait être lié à un risque plus élevé de 

décès par anévrisme de l'aorte. En ce qui concerne la mortalité par cancer, le risque accru de 

décès chez les personnes plus petites que la moyenne pourrait être due à une mortalité plus 

élevée pour certains types de cancer qui sont associés à des mauvaises conditions 

socioéconomiques dans l'enfance. En conclusion, l'association entre une petite taille et la 

mortalité semble être dictée par les conditions de vie dans l’enfance tandis que l'association 

entre une grande taille et la mortalité s'explique probablement par d'autres mécanismes non 
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sociaux. Par conséquent, la taille semble être un indicateur trompeur des circonstances 

socioéconomiques dans l’enfance. 

Le rôle des comportements de santé et du soutien social dans l’explication des inégalités 

sociales en mortalité 

Cette thèse a examiné le rôle de deux mécanismes qui pourraient potentiellement expliquer 

les inégalités sociales de mortalité: les comportements de santé et le soutien social. Une des 

principales conclusions de cette étude est que, dans la cohorte Whitehall II, les 

comportements de santé expliquent une grande partie des différences sociales de mortalité. Ce 

résultat est particulièrement important car les facteurs comportementaux ne sont pas 

considérés comme des déterminants majeurs des inégalités sociales de santé dans la 

littérature. Dans cette étude, contrairement aux études antérieures, des mesures répétées de 

comportements de santé au cours du suivi ont été utilisées, permettant de prendre en compte 

les changements de comportements potentiellement intervenus au cours du suivi. Une autre 

découverte de cette recherche est que les comportements de santé expliquent une grande 

partie de l'association entre la position sociale et la mortalité dans l'étude Whitehall II, mais 

contribuent très peu dans l'étude GAZEL, en raison du fait que la répartition sociale des 

comportements de santé n’était pas très marquée dans cette cohorte. Les différences dans la 

distribution sociale des comportements de santé dans les deux cohortes peuvent être dues à 

des différences culturelles entre les deux cohortes/pays. Effectivement, de nombreuses études 

ont montré que la répartition sociale des comportements de santé est très forte dans les pays 

d’Europe du Nord mais très faible ou absente dans les pays d’Europe du Sud. Une autre 

explication pourrait être liée au fait que les pays d’Europe du Sud semblent se situer à une 

étape antérieure de la transition épidémiologique entre les maladies de l’abondance et les 

maladies de la pauvreté, par rapport aux pays d’Europe du Nord.  

Un autre résultat de cette thèse est que les mesures du soutien social qui ont été analysées 

contribuaient à environ 20% des inégalités sociales de mortalité dans Whitehall II et à 

seulement 4% dans GAZEL. Encore une fois, ces mesures était plus fortement associées à la 

position sociale dans l'étude Whitehall II que dans l'étude GAZEL, ce qui pourrait expliquer 

leur différente contribution au gradient social en mortalité. Parmi les trois mesures de soutien 

social examinées- le réseau social, la participation sociale et le statut marital - seulement ce 

dernier contribue de manière significative aux différences sociales de mortalité dans les deux 
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cohortes. Cette thèse contribue donc à montrer que le réseau social et la participation sociale 

pourrait ne pas être des déterminants importants des différences sociales en matière de santé.  

Forces et faiblesses 

Cette recherche a plusieurs points forts. Premièrement, elle s'appuie sur des données 

provenant de deux grandes cohortes européennes, incluant des hommes et des femmes 

d'environ la même tranche d'âge (35-55 ans à l'origine des études), suivis pendant plus de 20 

ans. Les deux cohortes ont été établies dans le but d'examiner les inégalités sociales et 

professionnelles en matière de santé, et divers indicateurs de la position sociale étaient 

disponibles. L’association entre la position sociale dans l’enfance et la mortalité a été 

examinée sur une population de plus de 25 000 individus. Il a été possible de comparer la 

contribution des comportements de santé et des mesures de soutien social aux inégalités 

sociales de santé dans les deux cohortes, en utilisant une stratégie d'analyse identique et une 

catégorisation similaire des variables d'exposition. Ceci a éliminé certains des différences 

méthodologiques qui rendaient difficile les comparaisons entre les études précédentes. Enfin, 

contrairement à la plupart des études précédentes, les comportements de santé et les mesures 

de soutien social ont été évalués à plusieurs reprises au cours du suivi.  

Cette recherche a aussi d'importantes limites. La première concerne la représentativité des 

deux cohortes par rapport à la population générale. Elles sont des cohortes professionnelles et 

n’incluent pas les personnes qui sont au chômage ou ont un emploi temporaire. De plus, le 

niveau d’éducation et des revenus est en moyenne plus élevé dans ces deux cohortes que dans 

la population générale. Cela implique que l’association entre la position sociale et la mortalité 

est susceptible d'être sous-estimée dans cette étude. La deuxième limite générale concerne le 

fait que cette thèse n'a examiné que deux des différents mécanismes potentiels qui 

expliqueraient les inégalités sociales de mortalité. En conséquence, cette thèse ne peut pas 

tirer des conclusions sur l'importance relative des comportements de santé ou du soutien 

social par rapport à d'autres mécanismes. Enfin, il doit être considéré que cette thèse n'a 

examiné que la contribution de ces deux facteurs aux inégalités sociales de mortalité. Ainsi, 

les résultats pourraient ne pas être généralisables à d'autres événements de santé. 

Les implications des résultats principaux pour la recherche 

Les mécanismes sous-jacents à l'association entre la taille et la mortalité sont encore mal 

compris et des recherches ultérieures sont nécessaires. En outre, très peu d’études ont examiné 
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l’impact de la position sociale dans l’enfance sur la santé à l’âge adulte en France ou dans 

d'autres pays d'Europe du Sud.  

Cette recherche suggère en outre que la chaîne causale qui mène de la position sociale à la 

mortalité n'est pas identique dans les deux cohortes. Il est possible que des facteurs culturels 

ou socio-culturels influencent la façon dont les différences en matière de santé sont générées. 

Une implication cruciale est donc qu’une perspective culturelle est nécessaire. Il a également 

été suggéré que les deux pays (la France et le Royaume-Uni) puissent être à un stade différent 

de la transition épidémiologique. La théorie de la transition épidémiologique suggère que les 

inégalités sociales de santé (et les mécanismes sous-jacents) changent à travers les étapes de 

la transition; ces changements pourraient se produire à un rythme différent dans des contextes 

différents. Le fait que différents mécanismes pourraient être pertinents dans des contextes 

différents a d'importantes implications pour la recherche en santé publique. Dans les pays à 

revenus faibles et moyens, un grand changement est actuellement en cours dans l’évolution 

des pathologies, les maladies chroniques représentant une proportion croissante de la charge 

totale de morbidité. Il est probable que les facteurs sociaux jouent un rôle croissant dans la 

répartition des maladies au sein de ces sociétés, où vit la majorité de la population mondiale. 

En outre, certaines études suggèrent que les inégalités sociales de santé augmentent même 

dans les pays à revenus élevés. Dans les dernières décennies, la recherche sur le mécanisme 

sous-jacent à l'association entre position sociale et santé (y compris cette thèse) ont porté 

essentiellement sur les facteurs intermédiaires. Bien sûr, la compréhension des mécanismes 

spécifiques qui expliquent les différences sociales de santé reste indispensable, car elle est 

nécessaire pour concevoir des interventions de santé publique. Toutefois, il est important de 

garder à l'esprit que même s’il était possible d'identifier tous les mécanismes intermédiaires 

qui expliquent l'association entre la position sociale et la santé, nous aurions toujours besoin 

de comprendre pourquoi ces facteurs sont répartis différemment entre les groupes sociaux. Il 

est donc important que la recherche en ce domaine s’oriente également vers les causes 

fondamentales des inégalités sociales de santé.  

Les implications des résultats principaux pour les politiques de santé 

Une des principales conclusions de cette étude était que les comportements de santé sont des 

facteurs importants dans la genèse des différences sociales de mortalité dans l’étude Whitehall 

II, mais pas dans l’étude GAZEL. Des politiques qui ciblent les comportements de santé 

délétères dans les groupes socialement défavorisés sont susceptibles de conduire à une 
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diminution des inégalités sociales de santé dans la cohorte Whitehall II, mais pas dans la 

cohorte GAZEL. Les grandes différences entre les deux cohortes dans le rôle des 

comportements de santé suggèrent en outre que les politiques visant spécifiquement à réduire 

les inégalités sociales de santé doivent être fondées sur une meilleure compréhension des 

mécanismes qui relient les facteurs socioéconomiques à la santé. En particulier, les 

différences culturelles et les caractéristiques spécifiques du contexte devraient être prises en 

compte car elles sont susceptibles de jouer un rôle dans la répartition sociale des 

comportements de santé dans une population donnée.  

Les comportements de santé prédisaient fortement la mortalité dans les deux cohortes. Cela 

suggère que la santé de la population pourrait être améliorée en ciblant les comportements de 

santé, indépendamment du contexte culturel. Cependant, il est clair que si les comportements 

de santé sont socialement déterminés, par exemple, par des facteurs financiers, la capacité de 

répondre aux messages d'éducation sanitaire ou par l'environnement dans lequel les personnes 

vivent, les mêmes politiques visant à améliorer la santé de la population peuvent contribuer à 

accroître les inégalités sociales de santé.  

Cette étude a aussi montré que le statut marital est un important facteur de risque de mortalité 

et contribue aux différences sociales de mortalité. Il est possible que le rôle du statut marital 

dans la genèse des différences sociales de mortalité soit lié aux avantages économiques et 

émotionnels dérivant du fait de vivre en couple (ou à l'insécurité financière et à l'absence de 

soutien affectif liés au fait de vivre seuls). Les inconvénients matériels et psychologiques du 

fait de vivre seuls devraient être pris en compte lors de la conception des interventions de 

santé publique, surtout parce que l'isolement social est susceptible d'affecter davantage les 

personnes appartenant aux groupes socioéconomique plus pauvres. Cette thèse suggère enfin 

que la participation sociale et le réseau social pourraient ne pas être des facteurs importants 

dans la genèse des inégalités sociales de mortalité. À ce jour, très peu d'études ont tenté 

d'évaluer la contribution de ces facteurs aux inégalités sociales de santé. Si les résultats de 

cette recherche sont confirmés par d'autres études, cela impliquerait que des autres facteurs 

devraient être prioritaires dans les interventions de santé publique visant à améliorer la santé 

de la population et à réduire les inégalités sociales de santé. 
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PREFACE 

At the beginning of the twenty-first century, the global average life expectancy at birth was 

68 years, ranging from 42 years in Afghanistan and Zimbabwe to 83 years in Switzerland 

(United Nations, 2009). Other global health indicators such as under-five mortality or 

maternal mortality showed the same striking differences between high income and low 

income countries (United Nations, 2009). In addition to these cross-national variations, 

differences in health status of similar magnitude have also been reported within high-income 

populations (Hanlon et al., 2006; Murray et al., 2006). For example, in two different postal 

code areas of the city of Glasgow in Scotland (United Kingdom), there was a difference in 

male life expectancy at birth of 36 years between the most affluent and most deprived areas 

(Hanlon et al., 2006). In the United States, the gap between the highest and lowest life 

expectancies by race and county was over 35 years (Murray et al., 2006). Comparing low-

income to high-income countries, health disparities can be explained by differences in access 

to clean water and sanitation, food intake, quality of shelter, infectious diseases, and 

inadequate health care. However, it is more difficult to understand how within high-income 

populations, where such resources are almost universally accessible, there can be health 

differences of this magnitude between population sub-groups. Many levels of factors, which 

can be conceptualized as concentric circles of influence as shown in Figure 1, work 

independently and interactively to influence the health, or lack thereof, of individuals and 

populations. 

 

Figure 1 The determinants of health (Dahlgren & Whitehead, 1991). 
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Some of these factors, such as age, sex, and genetic factors, are fixed; little can be done to 

change them. Other elements - ranging from individual behaviours, psychosocial and 

community influences, living and working conditions, and the social, cultural, and physical 

environment - are amenable to change.  

Factors that determine individual and population health have also been proposed as 

determinants of health differences between individuals and population groups. As for the 

health status of individuals and populations, some of the health differences between 

population and groups are “inevitable”, while others, such as socioeconomic differences, 

mainly reflect an unequal distribution of the social determinants of health within the 

population. Over the last two centuries, social and economic development, together with 

medical progress, have contributed to marked improvements in the general health of the 

population (Caselli et al., 2006). However, despite the overall upward trends in life 

expectancy, in most countries large socioeconomic differences between social (and racial and 

ethnic) groups persist, and are perhaps on the rise (Mackenbach et al., 2003; Mackenbach et 

al., 2008).  

This thesis investigates socioeconomic differences in mortality within two high-income 

countries’ populations, Britain and France. It focuses on two interrelated domains within this 

field of research: 1) description of the influence of socioeconomic circumstances over the 

individual’s life course on health, and 2) understanding of the mechanisms through which 

socioeconomic circumstances impact health. The structure of the introduction chapter reflects 

the distinction between description and explanation of socioeconomic inequalities in health. 

The first section focuses on the description of socioeconomic inequalities in health. This 

includes an historical overview of the research on socioeconomic differences in health from 

its origins to the present. Two important concepts in health inequalities research, the 

socioeconomic gradient and the life course approach, are further discussed. Then, a brief 

description of the different indicators that have been used to represent socioeconomic position 

in health research is given. The second section of the introduction is dedicated to the potential 

explanations of socioeconomic differences in health. The existing literature on this subject is 

presented and discussed, with particular focus on the two explanations examined in this 

thesis: health behaviours and social support. Finally, a detailed description of this thesis’s 

aims and research objectives is given.  
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Subsequent chapters will describe the data and methods used (Chapter II); present the results 

(Chapter III) and discuss the main findings along with the strengths and limitations of this 

thesis, and its implications for public health research and policy (Chapter IV).  
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CHAPTER I: INTRODUCTION 

I.1 Socioeconomic Inequalities in Health: Description 

I.1.1 Historical background 

The earliest attempts to quantify changes in the size and health of the population also 

produced the first evidence for the existence of health inequalities. The monitoring and 

documenting of social differences in health can be traced back to the mid-seventeenth 

century, when one of the first demographers, John Graunt, along with William Petty, detected 

great differences in child survival between inhabitants of the relatively poor parish of St 

Botolph’s in London and British ducal families (Graunt, 1662). Roughly in the same period, 

occupational class mortality compiled in Geneva showed that there was already a well-

established health divide in the city at that time, with life expectancy of 36 years among the 

highest occupational class, compared with 18 years in the lowest class (Perrenoud, 1975). By 

the nineteenth century, there was evidence of socioeconomic inequalities in mortality 

throughout Europe. In France, Villermé’s works on the relationship between poverty and 

mortality in Paris’s arrondissements were published between 1822 and 1830 (Villermé, 1822; 

Villermé, 1830). Another of his studies was conducted in the city of Mulhouse, and was based 

on an analysis of the occupation of the household’s head of 5419 deceased between 1823 and 

1834. He showed that life expectancy at birth was 28.2 years for households of 

“manufacturers, merchants, and directors”, decreasing to 17.6 years for households of 

“factory workers”, to 9.4 years for households of “day labourers” (Antonovsky, 1967). In 

Britain, in 1843, The Lancet published an editorial on the “Influence of employments on 

public health” (Figure 2), which showed the large differences in the average age at death 

between “Gentry and professional”, “Farmers and tradesmen” and “Labourers and artisans” in 

different English rural and urban districts (Editorial, 1843).  
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Figure 2 Longevity of families by social class (1838-41), extract from The Lancet, 1843 (Editorial, 1843). 

Rudolf Virchow, a German doctor who reported on the relationship between poor living 

conditions and typhus in upper Silesia (Virchow, 1985), and William Farr are other major 

pioneers of social epidemiology. In particular, Farr was one of the first to use census data to 

show occupational class differences in mortality (Drever & Whitehead, 1997; Whitehead, 

2000). In 1845, Friedrich Engels presented a multilevel examination of the ways in which 

area-based factors, such as poor sanitary conditions in the city, or individual indicators of 

socioeconomic circumstances, such as inadequate diet or housing conditions, affected 

mortality (Engels, 1845). At the end of the nineteenth century, there was little disagreement 

that poorer sectors of a society were more likely to experience disease and death than more 

privileged groups. In response to this evidence, several reports on the conditions of the poor, 

among which the General Report on the Sanitary Conditions of the Labouring Population of 

Great Britain (Chadwick, 1842) and the Health of Towns (Royal Commission on the Health 

of Towns, 1844), were published in England and resulted in the implementation of sanitary 

reforms. The latter, along with the improvement of living and working conditions, contributed 

to the striking decline in adult death rates, which began in the United Kingdom at the end of 

the nineteenth century and followed in all industrial countries (Drever et al., 1997).  
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Although the existence of a graded association between socioeconomic conditions and health 

was evident from the earlier studies describing social inequalities in health (see for example 

Villermé’s description of increasing mortality rates with decreasing rank of occupation), the 

relationship between socioeconomic circumstances and health was generally viewed as the 

result of poor living or working conditions. However, by the beginning of the twentieth 

century it became evident that the nature of the relationship between socioeconomic 

conditions and health was different from that of the relationship between poverty and health. 

Indeed, researchers realized that, despite the general improvements in the living conditions of 

the poorer sections of the population and the resultant improvements of population health, 

large health differentials between socioeconomic groups persisted. Figure 3 below shows both 

the dramatic decline in infant mortality between 1911 and 1971 across all social classes  and 

the persistent differentials between social classes that still existed into the early 1970s (in the 

Figure, social class I is the highest and social class V the lowest). 

 

Figure 3 Trends in infant mortality by social class in England and Wales (Registrar General, 1978). 

I.1.1.1 The Black Report 

In order to respond to the increasing concern about socioeconomic differences in health 

within the population, in 1977 a research working-group was set up by the British government 

under the chair of Sir Douglas Black. The committee was given the task of assessing national 

and international evidence on inequalities in health and drawing recommendations for public 

health policy. This work produced what is commonly known as the Black Report (Townsend 

& Davidson, 1982). The main objectives of the Black Report were 1) to describe differences 

between occupational classes in mortality, morbidity and use of health services, analyse the 

evolution of these differences over time and compare them with occupational differences in 
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health in other industrial countries; 2) to suggest potential explanations for these inequalities; 

and 3) to put forward recommendations for research and health policy. The committee, which 

based its analysis on occupational mortality data, not only produced evidence of the large 

differences in mortality and morbidity that favoured the higher occupational classes, but also 

found that there had been either stagnation or deterioration in the health of the lower 

occupational classes between 1960 and 1970. The findings of the Black Report were not 

welcomed by the British government when they first appeared in August 1980, but they 

generated great interest both in the United Kingdom and abroad (Drever et al., 1997). The 

Black Report is credited with placing social inequalities in health firmly on the agenda of both 

public health policy and academic research (Bartley et al., 1997).  

I.1.2 The Present context  

I.1.2.1 After the Black Report  

The decades following the Black Report saw an exponential increase of research into social 

inequalities in health in Europe and in North America. This extensive research generated a 

number of committees, reports and meeting focusing on social inequalities in health, often 

sponsored by European governments or the World Health Organisation (WHO), aimed at 

translating the findings into action (Macintyre, 1997). In the late 1990s, some European 

governments started taking the issue of social inequalities in health seriously by implementing 

policies directed at reducing the gap between socioeconomic groups (Department of Health, 

1999). Nevertheless, in the last decades of the twentieth century, research around the world 

has revealed a widening gap in mortality between social groups (Pappas et al., 1993; 

Valkonen, 1993; Phillimore et al., 1994; Regidor et al., 1995; Lang & Ducimetiere, 1995; 

Drever et al., 1997). This increase is largely thought to be due to the combined effects of 

decreasing mortality among the more-advantaged socioeconomic groups and increasing 

mortality in the less-advantaged groups, particularly for causes such as coronary heart disease 

or lung cancer (Macintyre, 1997). The reason for this gap has been seen as a consequence of 

differential changes in health-related behaviours (Mackenbach et al., 2003). To respond to the 

issue of widening socioeconomic differences in health within countries and increasing 

inequalities between countries, in 2005 the WHO set up a Commission on Social 

Determinants of Health (CSDH) to provide advice on how to reduce them. This was followed 

by national reports addressing the issue of social inequalities in health in various European 

countries (Borrell, 2010; Marmot et al., 2010b). This set of reports, together with copious 
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academic research on this topic, made clear that social differences in health were still a major 

public health concern at the beginning of the twenty-first century (Mackenbach et al., 2008; 

Marmot et al., 2010b). For example, in the report commissioned by the British government 

(Fair Society, Healthy Lives), it was shown that, in the United Kingdom, although life 

expectancy increased for the overall population between 1971 and 2005, the gap in life 

expectancy by social class for both men and women had persisted, and even widened in the 

1980s and 1990s (see Figure 4 below). In 2002–5, the gap was about seven years for both 

sexes, comparing to about five years in 1972-7. Figure 4 illustrates the twenty-first century 

paradox in research on social inequalities in health: population health improving in all the 

sections of the population but differences in health persisting, or sometimes even increasing, 

due to greater health improvements in the most advantaged sections of society.  

 

Figure 4 Life expectancy at birth by social class, males, England and Wales, 1972–2005 (Marmot et al., 
2010b). 

I.1.2.2 The socioeconomic gradient in health 

As discussed previously, research had shown the existence of a socioeconomic gradient in 

health since the nineteenth century. As noted by Macintyre, in the first decades of the 

twentieth century, in the United Kingdom the stepwise association between occupational class 

and mortality was so profound that it was used to assess the correctness of the Registrar’s 

General classification of occupations, which was in turn used to analyse socioeconomic 

differences in health (Macintyre, 1997). The Whitehall study, established in 1967 as an 
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aetiological investigation of coronary heart disease (CHD) mortality, was another important 

step in suggesting that the graded association between socioeconomic position and health was 

not due solely to poverty. In Whitehall, civil service employment grade was found to be one 

of the most powerful predictors of CHD mortality, something that had not been hypothesized 

or demonstrated before. Additionally, data clearly showed that there was an occupational 

gradient in mortality: the lower the employment grade, the higher the mortality risk for a 

range of causes of death (Marmot et al., 1984). Figure 5 reproduces the relative risks of death 

by occupational position in the Whitehall study. For each cause of death, men with the highest 

occupational position had a lower mortality risk than those in the intermediate category, who 

in turn had a lower mortality risk than those in the lowest.  

 
Figure 5 Mortality by occupational position2 in Whitehall civil servants (adapted from Marmot et al., 

1984). 

One of the reasons the Whitehall findings represented an important step forward for research 

into social inequalities in health is that the cohort was composed of white-collar civil servants 

with stable jobs, whose working conditions were not regarded as traditionally hazardous. 

Scandinavian studies also made important contributions to awareness that something other 

than poverty was driving socioeconomic differences in health. For example, in the early 

                                                 
2 For chronic bronchitis and accidents and violence there were no deaths in the highest occupational category. 
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1990s, Lahelma & Valkonen (Lahelma & Valkonen, 1990) showed that, in Scandinavian 

social democracies with well-developed welfare states (which were thought be protective 

against the effects of poverty), educational inequalities in mortality were very similar to those 

in the liberal England and Wales. Figure 6 below shows age-adjusted mortality rates by years 

of education in various countries across Europe, demonstrating that the steepness of the 

education-mortality association was very similar across countries with varying political 

structures.  

 

Figure 6 Age-standardized mortality (per 100,000) from all causes of death by years of education (on the y 
axis) and country, males aged 35-54, log-scale (Lahelma et al., 1990). 

A more recent study showed that in Sweden, participants with PhDs had lower mortality rates 

than those with master’s degree who, in turn, had lower mortality than those with a bachelor’s 

degree or lower (Erikson, 2001). The finding of important differences in mortality, for 

example, between administrators and professionals in Whitehall or between PhDs and 

master’s degrees holders in Erikson’s study, is particularly challenging. As noted by Marmot 
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(Marmot, 2006), it is not difficult to figure out how poverty can affect health. Instead, the 

reasons why heightened morbidity and mortality among people who are not poor in the usual 

sense of the word should be so closely related to where they stand in the social hierarchy, is 

not as immediately understandable.  

I.1.2.3 Comparative research into social inequalities in health 

Figure 4 (p. 35) showed the inverse graded association between occupational grade and 

mortality in the Whitehall study. An inverse graded association between socioeconomic 

position and health has been observed for almost all health outcomes (Adler et al., 1993), with 

some notable exceptions (such as breast cancer incidence or malignant melanoma) for which 

people from advantaged socioeconomic groups are generally at higher risk (Adler & Ostrove, 

1999; Krieger, 2002)3. Furthermore, social inequalities in health appear to be a universal 

phenomenon as they exist across continents and societies, and persist over time regardless of 

changes in disease patterns (Duncan et al., 1995; Link & Phelan, 1995; Gwatkin et al., 2007)4. 

However, despite the wealth of evidence of the existence and persistence of socioeconomic 

differences in health across health outcomes, societies, and time, the mechanisms explaining 

these differences remain unclear.  

Advances in the understanding of the underlying determinants of social inequalities in health 

might come from comparative analysis. As observed earlier, in the last decades of the 

twentieth century research on social inequalities in health expanded to countries beyond 

Britain (Leclerc et al., 1990; Costa et al., 1990; Kunst et al., 1990; Valkonen, 1992; Pappas et 

al., 1993; Marshall et al., 1993; Kunst et al., 1995), and more systematic attempts to compare 

countries using similar data sets and measures followed (Lahelma et al., 1990; Kunst & 

Mackenbach, 1994a; Kunst & Mackenbach, 1994b; Kunst et al., 1998b). Figure 6 in the 

previous section (p.37) showed that educational differences in mortality were similar across 

European countries. Mackenbach & Kunst also showed that social inequalities in mortality 

were similar or even greater in egalitarian Scandinavian countries than in less egalitarian 

countries such as Ireland, Italy or Portugal (Kunst, 1997). They also found that in Northern 
                                                 
3 It must be noted that recent studies have shown that, at least for breast cancer, what used to be a social gradient 
favouring women from lower socioeconomic groups has started reversing into a social gradient favouring higher 
socioeconomic groups after the development of prevention technologies such as mammography, access to which 
is unequally distributed within populations.  
4 Studies have found that in low and middle income countries chronic diseases and risk factors for chronic 
disease are more prevalent among participants from the more advantaged socioeconomic groups. This trend is 
changing and it has been suggested that the association of socioeconomic position with chronic diseases and risk 
factors for chronic diseases changes according to the stage of the epidemiological transition.  
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European regions, cardiovascular disease contributed to a large part of occupational 

inequalities in mortality, while in Mediterranean regions cancers (other than lung cancer) and 

gastrointestinal diseases made the largest contribution (Kunst et al., 1998b). The authors 

suggested that these variations were mainly due to cultural factors (Kunst, 1997), especially 

those related to diet and alcohol consumption. A recent study in the New England Journal of 

Medicine (Mackenbach et al., 2008) showed that this inter-country variability in social 

inequalities in mortality in Europe is increasing. Cross-country research has contributed 

greatly to elucidation of the dynamics of socioeconomic inequalities in health in different 

contexts. However, there is still a lack of research exploring social inequalities in health and 

their underlying mechanisms using directly comparable data and similar methodologies in 

different populations. 

I.1.2.4 The life course approach to socioeconomic inequalities in health 

Another important contribution for research into social inequalities in health came from life 

course epidemiology. Between the 1980s and the 1990s, a growing number of studies started 

to show that factors acting early in life were associated with an increased risk of adult chronic 

diseases (Kuh & Ben-Shlomo, 1997). This research led to the development of the life-course 

approach to epidemiology, the “study of long-term biological, behavioural, and psychosocial 

processes that link adult health to physical or social exposures acting during gestation, 

childhood, adolescence, earlier in adult life or across generations” (Kuh et al., 1997), p. 3. 

This branch of research originated from the work by David Barker and his colleagues at 

Southampton University, who were able to trace health outcomes of hundreds of adults for 

whom birth records were available. They showed that various markers of prenatal and infant 

growth were inversely associated with coronary heart disease, stroke, diabetes, and respiratory 

disease (Barker, 2004). A number of other studies in the 1990s also investigated markers of 

childhood socioeconomic circumstances in relation to cardiovascular disease and other health 

outcomes, and suggested that socially patterned exposures in early life have important 

influences on adult health and chronic diseases (Kaplan & Salonen, 1990; Peck, 1994; Blane 

et al., 1996; Marmot & Wadsworth, 1997; Frankel et al., 1998; Gunnell et al., 1998; Hart et 

al., 1998; Davey Smith et al., 1998a; Frankel et al., 1999). Adverse socioeconomic 

circumstances in early life have been found to be related, in particular, to higher mortality for 

stomach, liver and lung cancer, and for CHD, stroke and chronic obstructive pulmonary 

disease (Galobardes et al., 2004; Lawlor et al., 2004; Naess et al., 2007b). However, some 

other studies (Galobardes et al., 2004) have found childhood socioeconomic circumstances to 
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be weak predictors of adult mortality (Galobardes et al., 2004; Melchior et al., 2006), 

suggesting that other mechanisms may also be at play. 

The importance of taking a life course approach in the study of socioeconomic inequalities in 

health has been widely recognized (Kuh et al., 1997; Blane, 2005). Figure 7 below, adapted 

from Lynch & Kaplan (Lynch & Kaplan, 2000), takes the example of cardiovascular disease 

to show how socioeconomic circumstances over the individual’s life course have an impact 

on health. Suboptimal intrauterine environment has been related to adult cardiovascular 

disease through low birth weight or growth retardation (Barker & Osmond, 1986). During 

childhood, socioeconomic position of parents influences the type of environment in which 

children grow, and also influences adoption of a range of behaviours that can influence the 

early development of obesity (Brunner et al., 1999) and subsequently of atherosclerosis 

(Lynch et al., 2000). In adulthood, working conditions and income level affect job stress and 

have direct implications for the onset and progression of cardiovascular disease (Kivimaki et 

al., 2002). Finally, during old age decreased income and assets could affect the availability of 

medical and support care (Knickman et al., 2003).  
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Figure 7 Socioeconomic influences on cardiovascular disease from a life course perspective (adapted from 

Lynch & Kaplan, 2000). 

Different conceptual models have been identified within the life course framework to explain 

the association between socioeconomic circumstances and health over the life course (Kuh et 

al., 1997). The “critical or sensitive periods model” asserts that specific biological or 

developmental factors acting at certain critical or sensitive periods of development have a 

lasting effect on health; the term sensitive period is used when the effects of adverse 

exposures are more amenable to modification. According to the “accumulation model”, 
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socioeconomic disadvantage at different stages of the life course accumulates gradually, with 

a dose–response effect on health. Finally, the “pathway model” proposes that early life 

socioeconomic environment is important insofar as it shapes individuals’ trajectories in 

adulthood. The understanding of the mechanisms linking exposure in early life to adult 

disease has strong implications for public health practice. For example, if key biological 

parameters such as blood cholesterol and blood pressure are set early in life (Lynch & Smith, 

2005), then the role of both cumulative disadvantages over the life course and of adult 

behaviours appears to be less important. However, research has shown that the three life 

course models are not competing hypotheses, but on the contrary are highly interrelated and 

they all contribute to socioeconomic inequalities in health (Hallqvist et al., 2004; Singh-

Manoux et al., 2004). The major implication of life course epidemiology for social 

epidemiology is that in examining social inequalities in health within a population, and in 

looking for explanations for these inequalities, attention should be paid to individuals’ 

socioeconomic exposures over the life course.  

I.1.3 Socioeconomic position in health research 

Previous sections of this introduction have shown that social inequalities in health can be 

observed through different lenses. For example, back in the nineteenth century, Villermé or 

Engels already used non-traditional individual or area-based measures of socioeconomic 

conditions to examine socioeconomic differences in health, depending on the available data or 

on the particular aspect of inequalities in which they were interested. Since then, more 

accurate individual-level and area-based measures have become available and the different 

dimensions of socioeconomic position (resources, knowledge, status, prestige, etc.) have been 

examined using a variety of indicators. Moreover, life course epidemiology has highlighted 

the importance of considering exposures to adverse socioeconomic circumstances over the 

individuals’ life course. This section provides an overview of the most commonly used 

indicators of socioeconomic position in health research, and particularly focuses on 

individual-level measures, which are used in this thesis.  

The measures of socioeconomic position classify individuals “in groups of similar status or 

prestige, knowledge, power and resources” (Galobardes et al., 2001). The indicators of 

socioeconomic position are various and generally reflect one of these different dimensions of 

socioeconomic position. Moreover, the different indicators can be conceptualized and 

measured with reference to both the level and the time at which they are measured (Krieger et 
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al., 1997). From a level perspective, they are usually classified into two broad categories: 

individual-level indicators, which measure some type of individual resource or asset, and 

area-level indicators, used when the object of analysis is a geographical area (Galobardes et 

al., 2006b; Galobardes et al., 2007). At the area level, commonly identified by census tracts or 

zip /post codes, socioeconomic position can be measured using occupational, educational or 

income data aggregated to the area level, or through area-based indices of deprivation which 

constitute a combination of a variety of indicators including unemployment rate, car 

ownership, overcrowding, percentage of households not owner occupied, among others (Diez 

Roux et al., 2001; Krieger et al., 1997). A further distinction is often made between 

individual-level and household-level indicators, the latter referring to resources available at 

the household level. From a time perspective, measures of socioeconomic position are 

classified depending on the stage of the life course to which they refer. In this thesis, only 

individual-level measures of socioeconomic position will be explored, but different indicators 

over the life course, from early life to adulthood, will be considered.  

As shown in Figure 8, individual-level measures of socioeconomic position over the life 

course range from parental socioeconomic position and household conditions in childhood, 

through education in young adulthood, to occupational position or income during active 

professional life in adulthood, to measures adapted to account for socioeconomic conditions 

during retirement. In the next sections, the most commonly used individual-level indicators of 

socioeconomic position at the different stages of the life course will be described.  

 

Figure 8 Examples of indicators of socioeconomic position over the life course (Galobardes et al., 2007). 



 

 43

I.1.3.1 Childhood  

The assessment of socioeconomic position in early life is generally complex as, with the 

exception of birth cohorts, research often uses retrospective measures or adult recall of 

socioeconomic circumstances earlier in the life course when examining their impact on adult 

health. Retrospective measures of childhood socioeconomic circumstances are often subject 

to recall bias (Batty et al., 2005). However, in the absence of more accurate information 

collected in childhood, these measures can be useful in assessing the long-term health effects 

of early-life socioeconomic conditions. The particular measure of early-life socioeconomic 

position used depends most often on what is available in a study. Measures of parental 

education and occupation have been used most often (Frankel et al., 1998; Davey Smith et 

al., 1998a; Gunnell, 2002; Galobardes et al., 2004; Lawlor et al., 2005; Power et al., 2005; 

Lawlor et al., 2006; Melchior et al., 2006), but studies have also used diverse markers such as 

housing conditions (Naess et al., 2007), childhood diet (Frankel et al., 1998; Frankel et al., 

1999), education (Brunner et al., 1996; Brunner et al., 1999; Wamala et al., 2001; Hart & 

Davey Smith, 2003; Hemmingsson & Lundberg, 2005; Naess et al., 2005; Melchior et al., 

2006; Tillin et al., 2008) or anthropometric measures such as adult height or adult leg length 

(Brunner et al., 1996; Bobak et al., 2000; Gunnell, 2002; Song et al., 2003; Melchior et al., 

2006; Batty et al., 2006b; Hozawa et al., 2007; Song & Sung, 2008). Although the different 

indicators are all used to measure socioeconomic circumstances in early life (Gunnell, 2002), 

they may represent different aspects of childhood conditions; for example, parental 

occupation or anthropometric measures might be related to material resources during 

childhood, while parental education or own education might reflect childhood cultural or 

intellectual environment. Previous research has examined and compared different measures of 

socioeconomic position in adulthood in their association with health outcomes (Geyer & 

Peter, 2000; Daly et al., 2002; Naess et al., 2005; Geyer et al., 2006), often concluding that 

the various indicators reflect different dimensions of socioeconomic position and thus should 

not be used interchangeably. However, no study has so far explicitly compared indicators of 

socioeconomic position in early life in their association with adult health.  

I.1.3.2 Young adulthood and adulthood 

Among the individual and household-level indicators in young adulthood or adulthood, 

education, occupational position, and income are the most extensively used, although 

education has also been used as indicator of socioeconomic position in early life (Galobardes 
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et al., 2004). Education is the indicator of socioeconomic position more closely related to 

knowledge. It is typically measured as total years of education or highest level of education 

attained, and it is a particularly important marker of socioeconomic position for many 

reasons: 1) It is generally obtained in the period of transition from childhood and adolescence 

into adulthood. Thus, it reflects at the same time the intellectual and socioeconomic resources 

of the family of origin but also the achieved socioeconomic position as an adult (Lynch et al., 

2000); 2) It is easier to measure accurately and to assign to individuals, it is applicable to the 

non-working population and it is relatively stable over the life course (Krieger et al., 1997; 

Galobardes et al., 2006b); 3) It provides information on the likelihood of future success 

(Lynch et al., 2000); 4) It is correlated with knowledge and skills which can, for example, 

affect a person’s cognitive functioning, make them more receptive to health education 

messages, or more able to interact with appropriate health services (Galobardes et al., 2006b). 

Despite being a good indicator of socioeconomic position in early adulthood, education does 

not always accurately capture individuals’ socioeconomic position as adults. For example, 

education was shown to be an inappropriate indicator of socioeconomic position in adulthood 

in studies of chronic conditions with early adult onset, such as schizophrenia, that are related 

to downward social mobility (Liberatos et al., 1988). Another limitation of education as a 

measure of socioeconomic position is that it may have a different meaning for different birth 

cohorts and across countries or regions, due to secular trends in educational attainment across 

generations (Galobardes et al., 2006b).  

Occupational position is probably the most extensively used indicator of socioeconomic 

position. It represents various aspects of socioeconomic position, mainly status, prestige, and 

power. It is generally measured as current occupation, longest held occupation, or occupation 

at a given age. The use of occupational position as a measure of socioeconomic position has 

two main advantages: 1) It is closely related to the work environment and as such it can be 

seen as a proxy measure of physical or psychological work-related exposures (Lynch et al., 

2000); and 2) A standardized hierarchical ranking of occupations, which may vary by 

country, is often available thought national statistics bodies. One limitation of using this 

measure as indicator of socioeconomic position is that it may not capture differences in 

working and living conditions across race/ethnicities or gender. For example, it has been 

shown that black workers are likely to be paid less than white workers (and women less than 

men) for the same occupations (Krieger et al., 1997). Another limitation of occupation as a 

measure of socioeconomic position is that unemployed or retired individuals are often 

excluded (Galobardes et al., 2007). To overcome this point, alternative measures have been 
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used, such as the occupational position of the head of the household or the longest held 

occupation while in full-time employment. Another indicator that is often used in the absence 

of detailed data on occupation is employment status, generally coded as employed, 

unemployed or retired.  

Income is the indicator more closely related to the material aspects of socioeconomic position, 

as it has an impact on health via the ability to obtain health-related resources (i.e. health 

services or food) (Lynch et al., 2000). It is generally measured as personal income or 

household income. The use of income as an indicator of socioeconomic position has several 

disadvantages. It is a complex indicator to assess, as people may receive income from 

different sources or have difficulty separating gross and net income; non-response to 

questions is often very high given the fact that income is a sensitive issue (Krieger et al., 

1997); income has been shown to be extremely variable over an individual’s life course 

(Lynch et al., 2000). Apart from income, other measures of material circumstances that have 

been frequently used include financial and physical assets such as housing or car ownership, 

investments, inheritance, and pension rights.  

I.1.3.3 Retirement and old age  

Assessment of socioeconomic position among older age groups is particularly challenging. 

Among retired individuals, occupational position while in full-time employment is often used, 

but reasons for leaving work early may be health-related, and poor health may be associated 

with downward social mobility towards the end of working life (Grundy & Holt, 2001). 

Another measure that has been frequently used is education (Robert & House, 1996; Grundy 

et al., 2001; von dem Knesebeck et al., 2003). However, this may be an imprecise measure of 

socioeconomic differences in the elderly because many of today’s older population, 

particularly in many European countries, left school very early (Robert et al., 1996; Grundy et 

al., 2001; von dem Knesebeck et al., 2003). Measures of income and assets or wealth are good 

indicators of socioeconomic position in old age, as they can more precisely capture current 

socioeconomic advantage or disadvantage (Robert et al., 1996; von dem Knesebeck et al., 

2003). However, collecting comprehensive and accurate data on income or assets is even 

more difficult in older age groups than in the overall population, as the elderly might have 

different sources of income or might be entitled to different types of benefits that are difficult 

to measure (Grundy et al., 2001). Household-based indicators, such as access to cars, housing 
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tenure or household conditions, are also frequently used and might be a good alternative to 

individual-level indicators.  
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I.2 Socioeconomic Inequalities in Health: Explanations 

Although the socioeconomic position-health association can probably be considered a near-

ubiquitous phenomenon, the underlying mechanisms may not be identical across countries 

and over time. When infectious diseases were the main determinants of morbidity and 

mortality (until the beginning of the twentieth century in western countries and continuing to 

the present day in low income countries (Omran, 2001; WHO, 2002)), the health advantages 

conferred to higher socioeconomic groups were likely to be associated with their ability to 

avoid infections (Susser et al., 1985; Link & Phelan, 1997). However, in a context where 

morbidity and mortality are primarily due to chronic or degenerative diseases, as is currently 

the case in high-income countries (Omran, 2001), mechanisms underlying social differences 

in health are probably different. The research conducted here examines socioeconomic 

inequalities in two western countries, Britain and France. Thus, this section mainly presents 

potential explanations for social inequalities in health in contexts where chronic diseases 

constitute the main causes of death. 

As suggested by a significant body of research, no single factor can account for the entire 

association between socioeconomic position and health (Krieger et al., 1997; Marmot, 1999; 

Adler et al., 1999). Instead, investigators have defined a multitude of interconnected pathways 

whereby people’s health is affected or enhanced by their “standard of living, workplace 

conditions, and social and psychological interactions with others at home, work, and other 

public settings” (Krieger et al., 1997) p.343. Figure 9 is a simplified representation of the 

complex interconnections of different factors producing inequalities in health. The social 

structure and socioeconomic conditions in early life, among other factors, have an impact on 

socioeconomic position in adulthood5. Socioeconomic position in adulthood, in turn, affects 

health through various pathways. The work environment (and related physical and 

psychosocial exposures), material conditions, the social environment, health behaviours, 

psychological factors, or access to the health-care system have all been shown to play a role 

in shaping socioeconomic differences in health (Marmot et al., 1997a; Lynch et al., 1997a; 

Lynch et al., 2000; Ferrie et al., 2003; Borrell et al., 2004; Hemstrom, 2005; Melchior et al., 

2005; Rahkonen et al., 2006; Niedhammer et al., 2008; Bambra et al., 2009; Kaikkonen et al., 

2009; Aldabe et al., 2010; Clougherty et al., 2010; Matthews et al., 2010). As is shown in the 

Figure, all factors are tightly interconnected and the contribution of each of them to 

                                                 
5 Socioeconomic position in early life also affects health directly, as described earlier. 
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explaining social inequalities in health might be mediated through other factors. For example, 

material conditions can influence health through health behaviours (Schrijvers et al., 1999). 

Other elements, such as culture (Trichopoulou & Lagiou, 1997) or genes (Mackenbach, 

2005), might influence the way in which the various factors are distributed within the society, 

or are related to health.  

 

Figure 9 Simplified conceptual model of socioeconomic inequalities in health. 

Almost all researchers recognize that the various factors on the causal chain between 

socioeconomic position and health are interrelated. However, various schools of thought have 

developed in this field, each of them conducting research on a particular set of factors. The 

Black Report was one of the first attempts to propose potential explanations for social 

inequalities in health (Townsend et al., 1982). In the report, four different explanations were 

proposed, which will be explained in detail in the following sections: the artefact explanation; 

the natural or social selection explanation; the materialist/structural explanation and the 

cultural/behavioural explanation. Since the Black Report, researchers have developed these 

explanations further and a number of other theories for the persistence of health inequalities 

have been put forward. The next sections of this thesis provide a brief overview of the various 

theories that have been proposed to explain socioeconomic inequalities in health, from the 
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Black Report to more recent theories. Then, the existing evidence on the role of the two 

pathways that are examined in this thesis, health behaviours and social support, is presented. 

I.2.1 The Black Report explanations and beyond 

I.2.1.1 The Black Report explanations 

The Black Report identified four ways of interpreting the association between socioeconomic 

position and health. The first is that this association is an artefact. This explanation suggests 

that the apparent relationship between socioeconomic position and health is spurious and it is 

just a product of the measurement process rather than a true association. This might be related 

either to the measurement of socioeconomic position or to the measurement of the health 

outcome. One example relates to the diminishing number, over time, of newly recruited 

workers classified in the lower occupational groups because of the mechanization and 

automatisation of unskilled occupations. A consequence is that these occupational groups 

contain a greater proportion of people at high risk of dying, because they are older or because, 

if sick, less likely to be upwardly mobile. The existence of ever smaller occupational groups 

containing a fixed number of individuals at high risk of death would lead to apparently 

widening inequalities. However, socioeconomic differences in health have been found using 

different indicators of socioeconomic position, across countries, ages, and sex, and in 

longitudinal studies (Davey Smith et al., 1994; Adler et al., 1999). Thus, the widespread 

evidence for social inequalities in health makes the artefact explanations generally redundant 

(Davey Smith et al., 1994). Alternatively, socioeconomic position and health may be causally 

related, and in this case the direction of causality could go in either direction: 1) People’s 

health influences people’s socioeconomic position through a process of health-related 

selection; 2) People’s socioeconomic position influences people’s health through differential 

exposures to health hazards (Blane, 1985). Health selection explanations support the first 

view and suggest that the health status of individuals determines their socioeconomic position 

and not the other way around. The simplest version of this theory assumes that people with 

poor health in childhood and adolescence are more likely to be in less privileged 

socioeconomic groups when adults (Bartley, 2004). This explanation is usually referred as 

direct selection. The indirect selection model, in contrast, suggests that factors influencing the 

socioeconomic position to which people belong - for example higher intelligence, better 

copying styles, better genes or more advantaged conditions in childhood - also influence 

health (West, 1991; Marmot et al., 1997b). The direction of causality between socioeconomic 
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position and health is still a topic of active debate (Marmot et al., 2010a). Public health 

researchers, while not discounting the existence of health-related social mobility, have in 

general found that the main causes of health inequalities reside in the circumstances in which 

people “are born, grow, live, work and age” (Marmot et al., 2010b) p.11. On the contrary, 

other researchers (mainly economists involved in the research on the association between 

socioeconomic position and health) believe that health leads to social conditions and that the 

health of any group is determined by its composition, not by the social conditions experienced 

by the group (Smith, 1999; Marmot et al., 2010a). This thesis adopts a social causation view 

of social inequalities in health, as studies that have investigated this issue, longitudinal studies 

in particular, have generally found health-related social mobility to play only a modest role in 

shaping socioeconomic differences in health (Fox et al., 1985; Power et al., 1996; Bartley & 

Plewis, 1997; Manor et al., 2003). 

The last two explanations proposed by the authors of the Black Report assume that 

socioeconomic position has an impact on health through cultural/behavioural factors or 

materialist/structural factors. Cultural/behavioural explanations view socioeconomic 

gradients in health as the results of observed socioeconomic differences in health-related 

behaviours (smoking, unhealthy eating, alcohol consumption, physical activity, substance 

abuse) or in the utilisation of preventive health care. There have been two different 

approaches to explaining socioeconomic differences in health-related behaviours. One implies 

that those behaviours are under individual control and thus that socioeconomic differences in 

health are the individual’s responsibility. The other sees behaviours as conditioned by the 

social and material context in which they occur (Bartley, 2004). This last approach is that 

adopted by the authors of the Black Report, and it is the view assumed in this thesis. The 

behavioural explanation for social inequalities in health will be further discussed in section 

I.2.2.1. 

Materialist/structural explanations focus on the role of the material circumstances in which 

people live in the distribution of health and wellbeing. The authors of the Black Report, who 

expressed their preference for this explanation, saw material factors as acting on health at 

different levels, from the more distal distribution of income and wealth within the society to 

more proximal factors such as hazardous jobs, inadequate diet and poor housing. More 

recently, a “neo-material” interpretation of social inequalities in health has been developed, 

which is discussed in the next section.   
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I.2.1.2 Beyond the Black Report 

As mentioned earlier, the Black Report proposed the first of many explanations for 

socioeconomic differences in health. The material interpretation discussed previously 

developed out of the sanitary approach to public health that arose in the nineteenth century 

and focused on the material conditions associated with poverty. In the twentieth century, 

particularly in high-income countries, the persistence of socioeconomic differences in health 

despite an overall improvement in living and working conditions led researchers to believe 

that the association between poverty and health could be translated into a more general 

association between standards of living and health (Blane, 1985). A ‘neo-material’ 

interpretation of social inequalities in health has thus been developed. This approach assumes 

that even if the most basic material conditions are satisfied among the most disadvantaged 

socioeconomic groups, each step up the income ladder may bring added neo-material benefits 

- such as better housing, better health care, safer cars - that can have a beneficial impact on 

health (Lynch et al., 2000). Further, better material conditions may have cumulative benefits 

over the life course and may also influence the socioeconomic position and health status of 

future generations. Lynch and Kaplan propose the example of children who have access to a 

home computer; this may benefit future educational attainment and influence children’s 

socioeconomic position and their health as adults (Lynch et al., 2000). Furthermore, Morris's 

research on the cost of a healthy life shows that a new form of poverty may characterize 

today's society, where even though an individual is not in abject poverty, available resources 

(such as a minimum wage) might not be sufficient to ensure a decent standard of living 

(Morris et al., 2000). The neo-material interpretation for social inequalities in health was 

taken a step further by Krieger, who developed an “eco-social theory for social inequalities”6 

suggesting that not only are patterns of health likely to be found into the dynamic social, 

material and ecological contexts in which people live, but also that the material and social 

world in which people live is incorporated biologically into people’s bodies, thus 

“embodying” these conditions (Krieger, 1994). According to this theory, disease and well-

being are the biological expression of social interactions and of the social structure of society. 

However, the theory still needs to be validated empirically.  

Another interpretation for socioeconomic inequalities in health that has been often contrasted 

to the ‘neo-material’ interpretation is the psychosocial model. The origins of the psychosocial 

                                                 
6 Krieger’s eco-social theory may also be seen to have developed from Cassel’s host–agent–environment model. 
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model can be traced back to the work of John Cassel. Cassel maintained that in order to 

explain the distribution of diseases within the society, it was necessary to focus on the factors 

affecting individuals’ susceptibility. In high-income countries, the most likely factors would 

be those related to the “social environment” (Cassel, 1976) p. 108. According to Cassel, the 

social environment, exemplified by factors such as ‘social disorganisation’, ‘rapid social 

change’, ‘marginal status in the society’, ‘social isolation’, or ‘social support’ (Krieger, 2001) 

p.669, would alter individuals’ susceptibility by affecting the neuroendocrine system (Cassel, 

1976). After Cassel’s work, research on the role of psychosocial factors in shaping disease 

patterns expanded and new psychosocial theories for social inequalities in health were 

developed. This can be broadly divided into two branches: 1) Those focusing on the role of 

the psychological effects of the experience of stressful conditions at work; and 2) Those more 

generally focusing on the contribution of the social environment (social support, social 

cohesion, social capital or the experience of low social status, among others) or of 

psychological characteristics to social inequalities in health.  

The first branch originated in response to the observations that: 1) Socioeconomic differences 

in health were found even among office-based workers for whom working conditions were 

not considered physically hazardous; and 2) Behavioural and biological risk factors were 

found to contribute to only a small proportion of the socioeconomic gradient in health (Rose 

& Marmot, 1981; Marmot et al., 1984; Lynch et al., 2006; Marmot et al., 2008). Researchers 

noticed that the amount of control and autonomy at work (Bosma et al., 1997), job strain 

(Karasek et al., 1981), the balance between effort and reward (Siegrist, 1996) or the support 

received from colleagues (Johnson et al., 1996) were all related to ill-health. As these factors 

are differentially distributed among socioeconomic groups, they could be important mediators 

of the socioeconomic position-health association (Marmot et al., 1997a). One critique that has 

been raised against this theory is that psychosocial conditions at work are closely related to 

social positioning in the organizational hierarchy. Thus, they may be a proxy measure of 

occupational position instead of an independent explanation for occupational differences in 

health. Moreover, this model is not relevant for understanding socioeconomic health gradients 

among those who are not working but among whom health inequalities still exist (Lynch et 

al., 2000).  

The second branch of research that originated from Cassel’s work focuses specifically on the 

social environment, at the community or at the individual-level. Studies showed that national 

average life expectancies were more related to relative rather than absolute national income 
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(Wilkinson, 1992), suggesting that health might be shaped by the perception of one’s relative 

position in the society, rather than the absolute resources related to this positioning 

(Wilkinson, 1992). This theory assumes that the perception of low social status produces 

negative emotions that adversely affect health through neuroendocrine processes or health 

behaviours (Lynch et al., 2000). Moreover, these negative emotions are hypothesized to 

influence the way that people interact with the larger society, leading to antisocial behaviours, 

less social participation, and reduced social cohesion, all factors that in turn would have an 

impact on health (Lynch et al., 2000). Although Wilkinson’s work on the association between 

income inequalities and health has been criticized for selectively reporting results (Lynch et 

al., 2000), further work has examined the association between ‘social capital’ a community-

level variable representing “social organization, such as civic participation, norms of 

reciprocity, and trust in others, that facilitate cooperation for mutual benefit” (Kawachi et al., 

1997) and health. However, evidence on the link between social capital and health at the 

community or the individual level is inconsistent (Pearce & Davey Smith, 2003). Other 

researchers have instead more specifically focused on the role of social support (Matthews et 

al., 2010), or of emotional factors such as personal control, optimism/pessimism or coping 

strategies (Taylor & Seeman, 1999) in explaining social inequalities in health. Matthews et al. 

recently reviewed the literature on the role of emotional factors in explaining social 

inequalities in health (Matthews et al., 2010), and reported inconsistent results, with some 

studies finding no evidence for a mediating role of emotional factors (Thurston et al., 2006) 

and others finding them to contribute to social inequalities in health (Avendano et al., 2006; 

Nabi et al., 2008). Research on the contribution of social support to socioeconomic 

inequalities in health will be discussed in section I.2.2.2. 

The theories presented thus far have highlighted the most plausible links in the causal chain 

between socioeconomic position and health. However, these theories alone cannot explain the 

full pattern of socioeconomic differences in health across time, place and disease, and are 

especially inadequate to explain how social distribution of diseases may reverse when disease 

patterns change, as in the case of cardiovascular disease (Marmot et al., 1978). In response to 

this weakness, more general fundamental theories for social inequalities in health have been 

put forward. Link and Phelan were among the first to propose a fundamental causes theory for 

health inequalities (Link et al., 1995), introduced to explain why the association between 

socioeconomic position and health has persisted despite radical changes in diseases and risk 

factors. They note that people who are relatively better off use their social advantage and their 

resources to avoid risks and to adopt protective strategies that enhance health and well-being, 



 

 54

independently of whatever mechanism explaining social inequalities in health is relevant at 

any given time. The risk factors that happen to link socioeconomic position to disease are 

simply the expression of other fundamental causes (such as social conditions themselves) that 

shape the social distribution of risk factors at that time. As health-related situations change, 

those who own the most resources are best able to avoid risks, diseases and the consequences 

of disease. Although this explanation is interesting because it can explain the persistence of 

social inequalities in health over time despite radical changes in disease patterns, as noted by 

Gottfredson (Gottfredson, 2004) the actual fundamental cause in question remains mysterious. 

Gottfredson suggests that general intelligence may be the fundamental cause of social 

inequalities in health. She argues that general intelligence at various stages across the life 

course is related to adult health outcomes and it is strongly socially patterned, making it the 

potential fundamental cause of socioeconomic differences in health. Moreover, general 

intelligence is closely related to health knowledge which in turn predicts health-related 

behaviours and, as a consequence, health (Gottfredson, 2004). This could explain why 

socioeconomic inequalities in health persist even when disease patterns change, or why social 

gradients in favour of the higher socioeconomic groups are inverted when new knowledge or 

new technologies become available. However, empirical research aimed at testing this 

hypothesis has so far failed to show that general intelligence can account for all differences in 

health across socioeconomic groups (Singh-Manoux et al., 2005; Batty et al., 2006a; Link et 

al., 2008).  

This overview presented the most significant explanations for socioeconomic differences in 

health proposed since the Black Report. Despite the fact that there has been a considerable 

amount of research on this topic, mechanisms underlying the association between 

socioeconomic position and health are still poorly understood (Adler et al., 1999; Kawachi et 

al., 2002), as studies generally have produced discordant or inconsistent results. At least five 

general explanations for these mixed findings can be identified. First, the majority of the 

studies assess the potential mediating factors at a single point in time despite a sometimes 

very long follow-up for mortality (or other health outcome). However, it has been shown that 

not only the various factors examined, for example health behaviours, are associated with 

socioeconomic position, but also that their change over time may be socially patterned (Chan 

et al., 2008; Purslow et al., 2008). Second, numerous studies have used different indicators of 

socioeconomic position or have measured the mediating factors differently, making results 

difficult to compare across studies. Third, potential mediating factors of the socioeconomic 

position-health association have been examined on different health outcomes. However, the 
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socioeconomic position-health association and the mediating factors-health association may 

both vary depending on the specific health outcome in question, making a comparison 

between studies problematic. Fourth, for some of the mediating factors considered (such as 

health behaviours) the existence of cultural differences between countries has been suggested 

(Marmot & Syme, 1976; Trichopoulou et al., 1997), but there is a lack of comparative 

research using similar indicators and methodologies to examine their contribution to social 

inequalities in health in different cultural contexts. Finally, existing studies have been 

conducted in different historical contexts or using data from different time periods. However, 

time trends exist in disease incidence and in the social distribution of diseases (Marmot et al., 

1978; Sytkowski et al., 1990; Omran, 2001; Menvielle et al., 2006) and could in part explain 

the inconsistences across studies.  

This thesis will examine the contribution of two sets of factors, health-related behaviours and 

social support, to the association between socioeconomic position and mortality in two 

cohorts, the British Whitehall II and the French GAZEL. The next section will present the 

existing evidence on: 1) The association of health behaviours and social support with 

mortality; 2) Their social patterning; 3) Their estimated contribution to the socioeconomic 

gradient in mortality. 

I.2.2 Health-related behaviours and social support as explanations for 

socioeconomic inequalities in health  

I.2.2.1 Health-related behaviours 

Lifestyle and health-related behaviours are widely recognized as major determinants of 

population distribution of death and disease (Stampfer et al., 2000; Mokdad et al., 2004; 

Knoops et al., 2004; Chiuve et al., 2006; Sabia et al., 2009; Byberg et al., 2009). Data from 

the EPIC-Norfolk prospective study show that the mortality risk for people who were not 

smoking, followed a healthy diet, had a moderate alcohol consumption, and were physically 

active was equivalent to being 14 years younger in chronological age compared to the people 

who had zero of the four healthy behaviours (Khaw et al., 2008). Knoops and colleagues, 

using data from 11 European countries (the HALE Project) found that adherence to the 

Mediterranean diet and a healthy lifestyle were associated with over 50% lower rates of all-

cause mortality (Knoops et al., 2004).  
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There is evidence to suggest that health behaviours also play a substantial role in explaining 

health variations between groups, such as gender differences (Wingard, 1984; Waldron, 1986; 

Preston & Wang, 2006) or geographical differences (Kromhout et al., 1996; Menotti et al., 

1999; Janssen-Heijnen & Coebergh, 2003) in morbidity and mortality. As mentioned earlier, 

the fact that the prevalence of unhealthy behaviours is higher in lower socioeconomic groups 

(Lakka et al., 1996; Lynch et al., 1997b; Martikainen et al., 2003) is seen to be one of the 

mechanisms linking socioeconomic position to health. Studies conducted in various high-

income countries have shown that lower socioeconomic position is associated with higher 

rates of smoking (Graham, 1996; Cavelaars et al., 2000; Laaksonen et al., 2005), obesity 

(Sobal & Stunkard, 1989; Dugravot et al., 2010), poorer dietary habits (Osler, 1993; 

Shimakawa et al., 1994), and lower rates of physical activity (Owen & Bauman, 1992; 

Droomers et al., 1998). Lynch et al. (Lynch et al., 1997b) using data from the Kuopio 

Ischaemic Heart Disease Risk Factor Study showed that health-related behaviours not only 

are strongly associated with socioeconomic position in adulthood, but also with 

socioeconomic position in childhood. This last finding has been replicated by a number of 

other studies (Tammelin et al., 2003; Kestila et al., 2006; Kestila et al., 2008; Makinen et al., 

2010). However, although lifestyle and health-related behaviours strongly predict disease and 

death and are strongly socially patterned, researchers in social epidemiology have long 

disregarded their role as crucial determinants of socioeconomic differences in health (Rose et 

al., 1981; Marmot et al., 1984; Kaplan & Keil, 1993; Adler et al., 1993; Macintyre, 1997; 

House, 2002; Lynch et al., 2006). The under-studied role of health behaviours is probably 

related to the intention of avoiding “victim blaming” or placing the responsibility for health 

behaviour on individuals, thus shifting public attention from the more structural determinants 

of those behaviours.  

The few empirical studies that have attempted to determine the extent to which different 

lifestyle risk factors account for the socioeconomic gradient in mortality (Pekkanen et al., 

1995; Schrijvers et al., 1999; Woodward et al., 2003; Strand & Tverdal, 2004; van Oort et al., 

2005) have produced discordant results. Lantz et al. (Lantz et al., 1998) used data from the 

Americans’ Changing Lives survey and found that despite the presence of significant 

socioeconomic differences in health behaviours, these differences accounted for only a 

modest proportion of income or educational inequalities in all-cause mortality. On the other 

hand, Laaksonen et al. reported that in a cohort of 60 000 Finnish men and women, smoking, 

low vegetable consumption and physical inactivity explained a substantial proportion of 

educational differences in cardiovascular and all-cause mortality (Laaksonen et al., 2008). 
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Generally, behavioural factors have explained between 12% and 54% of the differences in 

mortality as a function of education, occupational position, or income in the studies conducted 

on this subject (Lantz et al., 1998; Schrijvers et al., 1999; Woodward et al., 2003; Strand et 

al., 2004; van Oort et al., 2005; Laaksonen et al., 2008). 

Inconsistent findings may in part be explained by methodological issues, as health behaviours 

are not always measured in the same manner. For example, most studies only included the 

four core health behaviours (smoking, heavy drinking, alcohol consumption and physical 

activity); others also included body mass index in the analysis (Schrijvers et al., 1999). 

Moreover, the various studies used different indicators of socioeconomic position, varying 

from occupational class to education to income. As discussed earlier, the three indicators 

capture different aspects of socioeconomic position. Their associations with health behaviours 

or with mortality may thus be different, making comparisons between studies problematic. 

A further issue is that most studies have used only baseline assessments of health behaviours, 

failing to account for behavioural changes that may have took place during the study period. 

In the last decades, major changes have occurred in behaviours and lifestyles of Western 

populations. From the late 1980’s and early 1990’s the WHO (WHO, 1991) and many 

national bodies such as the British Department of Health have started to promote policies 

aimed at encouraging healthy lifestyles, and these policies have been shown to have some 

positive effects (Department of Health, 1996); for example the prevalence of smoking has 

decreased (NHS, 2008a). On the other hand, obesity rates have increased dramatically since 

the 1990’s (NHS, 2008b). These trends are important for informing public health practice 

because improvement in lifestyle can greatly reduce the risk of chronic diseases, even in a 

short period of time: for example, heart disease risk can be rapidly reduced in response to 

changes in health behaviours (Ornish et al., 1990). Moreover, one study showed a reduction in 

the risk of mortality among men in early old age following favourable changes in physical 

activity (Byberg et al., 2009). Hence, single measures of health behaviours at the baseline of a 

study may only provide inaccurate estimates of their impact on health if those habits change 

over the follow-up period. Furthermore, it has often been shown that those who occupy lower 

positions in the socioeconomic hierarchy are also more resistant to changing risky behaviours 

than their more advantaged counterparts (Chan et al., 2008; Purslow et al., 2008). If secular 

changes in health behaviours are socially patterned, then single baseline measures of 

behaviours may lead to an underestimation of the role of health behaviours in explaining the 

association between socioeconomic position and mortality.  
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Another possible explanation for the mixed findings in epidemiological studies in this field of 

research may be related to the cultural context. There are important cultural variations in both 

the prevalence and the social patterning of unhealthy behaviours between countries (Graham, 

1996; Cavelaars et al., 1997; Roos et al., 2001; Trichopoulou et al., 2002; Wagner et al., 2003; 

de Vogli et al., 2005; Huisman et al., 2005a; Mackenbach et al., 2008). In Northern European 

regions, strong socioeconomic gradients in health behaviours have been observed (Winkleby 

et al., 1990; Wagenknecht et al., 1990; Osler, 1993). In Southern European countries, 

smoking, eating and drinking habits seem to be more closely related to cultural norms than to 

social factors (Lopez et al., 1994; Trichopoulou et al., 1997; Trichopoulou et al., 2002) and 

weak or inexistent socioeconomic gradients are frequently reported (Graham, 1996; Cavelaars 

et al., 1997; Roos et al., 2001; Trichopoulou et al., 2002; Wagner et al., 2003). However, 

although differences in the prevalence and social patterning of health behaviours between 

countries have often been documented, there is a lack of comparative research examining the 

contribution of health behaviours to socioeconomic differences in mortality. 

I.2.2.2 Social support 

Social support has been related to both health and socioeconomic position (Taylor et al., 

1999). However, little attention has so far been given to the role of non-work related 

psychosocial factors, such as social support and social integration, in shaping socioeconomic 

inequalities in health. The few studies that have attempted to do so have produced 

inconsistent results (Matthews et al., 2010).  

Since the late 1970s, evidence has been building regarding the importance of social support in 

relation to mortality (Berkman & Syme, 1979; House et al., 1982; Blazer, 1982; Welin et al., 

1985; Schoenbach et al., 1986; Seeman et al., 1987; Hanson et al., 1989). One of the first 

empirical studies in this field was conducted by Berkman and Syme in the Alameda County 

study. They showed that participants who lacked social and community ties were more than 

two times more likely to die during the follow-up period than those with more extensive 

contacts (Berkman et al., 1979). One paper in particular (House et al., 1988a) reviewed the 

available evidence on the social integration-mortality association and found the health risk of 

social isolation comparable to that of other major risk factors, such as cigarette smoking. 

Reasons for this can be seen in Figure 10 below, which shows that greater integration was 

related to lower mortality risk in all studies reviewed (House et al., 1988a). Although the 

levels of mortality vary greatly across studies because of differences in the follow-up period 
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and in the racial, geographic, and age composition of the populations, the pattern of the 

association between social integration and mortality is remarkably similar across the studies: 

participants who were socially isolated had an increased risk of death comparing to those who 

reported high levels of social integration.  

 
Figure 10 Level of social integration and age-adjusted mortality for males in five prospective studies, RR 
for lowest versus highest level of social integration (House et al., 1988a). 

Subsequent observational studies have shown adverse effects of the lack of social support and 

social integration on mortality (Seeman, 1996; Berkman et al., 2004) and a variety of other 

health outcomes, including coronary heart disease (Rosengren et al., 2004), prognosis after 

myocardial infarction (Berkman et al., 1992; Mookadam & Arthur, 2004), mental health 

(Stansfeld et al., 1998; Sinokki et al., 2009), or self-rated health (Melchior et al., 2003). One 

study conducted on the GAZEL cohort showed that men who were least socially integrated 

(social integration being defined through an index composed of marital status, network size 

and social participation) were almost three times more likely to die during the follow-up than 

those who were most integrated (Berkman et al., 2004).  

Investigators have mainly explored two types of measures of social support. The first is 

structural/quantitative measures of social integration (or, conversely, isolation), namely 

whether people are involved in relationships and groups and, if they are, in which types and in 

how many. Examples of measures of this type are number of friends, network size, and 

participation in group activities. Marital status is another measure of social isolation which 

has often been used, either alone or combined with other measures to create an integration 

index. The second approach uses functional/qualitative measures of social support, which 
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assess people’s perception that there are others available to them (Taylor et al., 1999). In this 

thesis, only the first type of measures will be examined.  

Both structural and functional measures of social support have consistently been shown to be 

associated with socioeconomic position, in the sense that individuals in higher socioeconomic 

groups tend more often to be married, have more friends, engage in a larger number of social 

activities, or report higher perceived support (House et al., 1988b; Marmot et al., 1997a; 

Taylor et al., 1999; Weyers et al., 2008). This has led researchers to consider the different 

availability of social support between socioeconomic groups as one of the mechanisms 

through which socioeconomic circumstances “get under the skin” to influence health (Marmot 

et al., 1998; Taylor et al., 1999; Rosengren et al., 2004; Gorman & Sivaganesan, 2007; 

Matthews et al., 2010). However, as mentioned previously, research on the contribution of 

social support to social inequalities in health has produced inconsistent results (Matthews et 

al., 2010). Some studies found no evidence that social support contribute to the association 

between socioeconomic position and mortality after acute myocardial infarction (Alter et al., 

2006), self-rated health and hypertension (Gorman et al., 2007), or stroke risk (Kuper et al., 

2007). Instead, Avendano et al. (Avendano et al., 2006) and Liu et al. (Liu et al., 1998), both 

using structural measures of social support, found it to contribute to about a third of the 

socioeconomic gradient in stroke risk or mortality, respectively.  

The limitations of the existing studies on the role of social support in explaining social 

inequalities in health are similar to those described earlier for the role of health behaviours. 

Differences in the measurement of social support may have contributed to mixed findings. 

Furthermore, cultural differences in the impact of social support on psychological and 

biological stress responses have also been shown (Glazer, 2006; Taylor et al., 2007), while 

cross-cultural similarities on the impact of marital status on well-being have been observed 

(Diener et al., 2000). It is therefore possible that the effect of social support on health varies 

by cultural context. Another weakness of the existing studies on the role of social support in 

mediating the association between socioeconomic position and health is that they generally 

assess social support at a single point in time. However, social support indicators are likely to 

change over time, for example as a consequence of retirement, ageing or the loss of a family 

member or spouse, and failure to account for these changes may lead to an underestimation of 

their impact on health. Moreover, adverse life events affecting individuals’ social support 

might more frequently occur among people from lower socioeconomic groups (McLeod & 

Kessler, 1990).  
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I.3 Research objectives 

The overall aim of this thesis is to describe socioeconomic inequalities in mortality in two 

European cohorts, the British Whitehall II and the French GAZEL studies, and to examine the 

role of two sets of factors, health behaviours and social support, in producing these 

inequalities. The two cohorts examined are prospective longitudinal cohorts that are 

composed of participants with a similar age-range and stable jobs. This thesis has two specific 

objectives: 

1a. To compare the importance for mortality of different markers of socioeconomic position 

over the individual’s life course. Previous work conducted on these cohorts has already 

examined the association of socioeconomic position in adulthood with mortality (Marmot et 

al., 1991; Melchior et al., 2006). Moreover, concerning indicators of socioeconomic position 

in adulthood, research has already established that the different measures represent different 

aspects of socioeconomic position and should not be used as if they were interchangeable 

(Geyer et al., 2000; Naess et al., 2005; Geyer et al., 2006). On the contrary, there is a lack of 

research comparing different indicators of socioeconomic circumstances in early life in their 

association with health. For this reason, this thesis particularly focuses on the association of 

socioeconomic position in early life with all-cause and cause specific mortality. Adverse 

socioeconomic circumstances in early life have been consistently shown to be associated with 

adult chronic disease and premature mortality. Existing studies have used different indicators 

such as parental education or occupation, childhood diet, anthropometric measures, or 

education, as if they were interchangeable, but whether they are equally good predictors of 

mortality is still unclear. In the thesis, the association of three indicators of socioeconomic 

position in early life - father’s occupational position, education, and height - with all-cause 

and cause-specific mortality will be examined. The association of socioeconomic position in 

adulthood, measured by occupational position in main analyses and income in sensitivity 

analysis, with all-cause and cause specific mortality will also be examined.  

2b. To examine potential explanations for socioeconomic differences in mortality in the two 

cohorts. Research in this field has typically focused on four main pathways: material factors, 

psychosocial factors, behavioural factors, and psychological factors, including social support. 

In this thesis, two types of factors will be examined: health behaviours and structural 

measures of social support. In particular, this thesis will examine and compare in the two 

cohorts: 
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- The association of behavioural factors (smoking, alcohol consumption, diet, and 

physical activity) and of structural measures of social support (marital status, network 

size and social participation) with all-cause and cause-specific mortality. 

- The social patterning of behavioural factors and of structural measures of social 

support over the follow-up period for mortality. 

- The role of health behaviours and of structural measures of social support (marital 

status, network size and social participation) in explaining the association between 

socioeconomic position and all-cause and cause-specific mortality. Before examining 

the role of health behaviours in explaining the socioeconomic gradient in all-cause and 

cause-specific mortality in the two cohorts, in the British Whitehall II study two 

models will be compared: one assessing health behaviours at baseline only and the 

other assessing health behaviours repeatedly over the follow-up period for mortality.  

These two sets of factors (health behaviours and social integration) were chosen for three 

reasons: 1) Both unhealthy behaviours and low social support have been consistently related 

to mortality risk (House et al., 1988a; Khaw et al., 2008) and they have been shown to be 

strongly socially patterned, making them potential contributors to the socioeconomic gradient 

in health (Lynch et al., 1997b; Taylor et al., 1999). 2) In the two cohorts, health behaviours 

and structural measures of social support have been measured repeatedly over time, thus 

allowing the use of longitudinal measures. 3) As shown in Figure 1 (p.28), both “individual 

lifestyle factors” and “social and community networks” are proximal determinants of health. 

Thus, intervention policies addressing these factors might have a more immediate impact on 

health and on social differences in health compared to structural interventions focusing on 

more distal determinants such as the “general socioeconomic, cultural and environmental 

conditions”.  

Health behaviours and structural measures of social support will be assessed longitudinally 

over the follow-up in the two cohorts, 24 years in Whitehall II and 21 years in GAZEL. A 

comparative analysis using similar design and methodology and harmonized measures for 

socioeconomic position, health behaviours and structural measures of social support will be 

carried out as well.  
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CHAPTER II: MATERIALS AND METHODS 

II.1 Data 

For the research presented here, data from two European longitudinal prospective cohorts 

were used: the British Whitehall II and the French GAZEL studies.  

II.1.1 The Whitehall II study 

The Whitehall II study was established to improve upon the first Whitehall study by also 

including women (Marmot & Brunner, 2005). The first Whitehall study was set up in 1960 by 

Geoffrey Rose and Donald Reid, with the initial focus of exploring the importance of risk 

factors of coronary heart disease to predict mortality (Reid et al., 1974). Even though 

investigating socioeconomic inequalities in health was not on the original Whitehall research 

agenda, it was found that one the most powerful risk factors for mortality was occupational 

position (Marmot, 2001). The Whitehall II study was then set up in 1985 with the specific 

intention of examining socioeconomic differences in physical and mental illness and 

mortality.  

The target population for the Whitehall II study was all civil servants aged 35–55 years 

working in the London offices of 20 Whitehall departments in 1985–88 (n=14121) (Marmot 

et al., 2005). The achieved sample size at study inception was 10 308 people (73% of the 

target population): 3413 women and 6895 men. The first wave of data collection (Phase 1, 

1985-1988) involved a medical examination and a self-administered questionnaire. The 

questionnaire included sections on socio-demographics, self-reported health, women’s health, 

health behaviours, work characteristics, social life and general health questions. During the 

clinical examination, anthropometric data, diastolic and systolic blood pressure, and other 

biological risk factors for cardiovascular disease were measured. Subsequent phases of data 

collection alternated postal questionnaires alone (Phases 2 (1988-1990), 4 (1995-1996), 6 

(2001), 8 (2006)) and postal questionnaires accompanied by a clinical examination (Phases 3 

(1991-1994), 5 (1997-1999), 7 (2002-2004), 9 (2008-09)). Starting from Phase 7, home visits 

by nurses were offered to participants unwilling or unable to travel to the clinic. Moreover, a 

brief telephone questionnaire has been administered to non-responders at each phase starting 

from Phase 4. Follow-up for mortality through the National Health Service (NHS) Central 

Registry provides the date and cause of death (99.9% of participants flagged). Self-reported 
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non-fatal coronary events and those identified by electrocardiography during the clinical 

examination are verified through primary care and hospital records. Finally, cancer registry or 

NHS-Wide Clearing Service notifications provide further information. Further details on the 

Whitehall II cohort can be found elsewhere (Marmot et al., 2005). 

II.1.2 The GAZEL study 

During the nineteen seventies, the medical department of Electricité de France- Gaz de 

France (EDF-GDF), a French company involved in the production, transmission and 

distribution of energy, decided to build a comprehensive database on the health of the 

workforce. This database contained demographic, socioeconomic and professional data on 

each worker. Even though a number of epidemiological studies were carried out using these 

data, the absence of individual-level data on lifestyle, self-reported health conditions and the 

social environment limited the ability to study numerous non-occupational research questions 

in-depth (Goldberg et al., 2007).  

The GAZEL cohort study was set up among the employees of EDF-GDF to address this 

limitation. The target population was all male employees aged 40-50 years in 1989 and all 

female employees aged 35-50 years (N=46 288). The achieved sample size was 20 625 

(44.6% of the target population): 15 011 men and 5614 women. The study design consists of 

an annual self-administered questionnaire including sections on socio-demographics, lifestyle, 

social life, and occupational exposures (job strain, working conditions, and ergonomic strain). 

In addition to the postal questionnaire sent to the participants each year, data are extracted 

regularly from the files of the personnel and medical departments of EDF-GDF and from 

national registers. In 1999-2000 and in 2008, a sub-sample of GAZEL participants was 

invited to a health clinic where medical and biological data were collected. Morbidity data, 

apart from the self-reported information in the annual questionnaire, are obtained through 

physician diagnoses, morbidity registers, health examinations and linkages to national 

databases (claims for medical benefits, hospital discharge summaries). Additionally, registries 

of cancer and coronary heart disease events during the period of employment are available 

from the EDF-GDF medical department, and social security files are used to obtain 

information on retired participants. Further details on the GAZEL cohort can be found 

elsewhere (Goldberg et al., 2007; Zins et al., 2009).  
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II.1.3 Comparability of the two cohorts and their representativeness of the respective 

general populations 

The two cohorts are comparable in many ways. They were set up in the 1980s and the 

participants had a similar age-range at study inception (35-55 years in Whitehall II and 35-50 

years in GAZEL). The two populations thus comprise individuals of about the same 

generation from two neighbouring European countries. Both are longitudinal cohorts, and it 

was thus possible to use repeated measures of exposures over the follow-up. Finally, both are 

occupational cohorts composed of individuals with stable jobs. However, one major 

difference is that the Whitehall II cohort comprises only white-collar workers while the 

GAZEL cohort also includes blue-collar workers. As blue-collar workers are likely to 

experience different work-related exposures, the analyses in GAZEL will be repeated on the 

white-collar workers sub-sample.  

Both cohorts have been analysed in terms of their comparability to the populations in their 

respective countries in relation to three socioeconomic indicators: occupation, education and 

income. Relative to occupation, as mentioned previously, the two cohorts comprise 

individuals with stable jobs. Thus, the more disadvantaged segments of the population, the 

unemployed, or those with unstable jobs are not included in the studies. In relation to 

education7, the two cohorts are comparable to their respective general populations in terms of 

the proportion of participant having a university education. In 2007 in the United Kingdom 

(OECD, 2009), 25% of the population matched for age to the Whitehall II participants held a 

university degree, comparable to the 24.9% in the Whitehall II study. For the same year in 

France (OECD, 2009), the figure was 17%, similar to 19.8% in the GAZEL study. However, 

the proportion of cohort participants with a secondary education was greater than in the 

respective general populations in both studies (56% in Whitehall II versus 39% in the United 

Kingdom, and 59% in GAZEL versus 36% in France). The proportion of the population with 

only primary education was lower in both cohorts than in the respective general populations 

(OECD, 2009). In the Whitehall II study, household total yearly income was collected at 

Phase 5 (1997 – 1999) on 6077 participants; mean household income was £39 811 and the 

median income £29 999. In 1997/8, the average equivalised disposable household income per 

                                                 
7 In this case, in the Whitehall II study, education is the measure collected at Phase 5 (1997-1999), where more 
detailed categories were available. This measure differs slightly from that used in analysis on early-life 
socioeconomic circumstances and mortality. In this latter situation, for non-respondent at Phase 5 the baseline 
measure was used.  
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year in the United Kingdom was £20 370 (Office for National Statistics, 2008a). Although the 

two measures are not strictly comparable and income in Whitehall II was not available on the 

total baseline sample, it appears that Whitehall II participants earned, on average, more than 

the population average in the United Kingdom. In France, the average yearly household 

income (converted to Euros) was €29 250 in 1990 (median €25 090) (INSEE, 2010). In 

GAZEL, the mean yearly income per household (converted to Euros) was €30 672 (median 

€27 440) in 1989, making the GAZEL cohort comparable to the general French population 

with respect to income. Data on the three socioeconomic indicators suggest that both cohorts 

represent a relatively advantaged fraction of the respective general populations. This issue and 

its implications for generalizability will be discussed further in the limitations section of the 

discussion. 

II.2 Measures 

II.2.1 Socioeconomic position 

In the thesis, father’s occupational position, education and height will be used as measures of 

early-life socioeconomic position, and participant’s occupational position and income as 

measures of socioeconomic position in adulthood. 

II.2.1.1 Early Life 

Measures of socioeconomic position in early life are from the period of life before the 

beginning of adult professional life. Three measures of early life circumstances will be used: 

father’s occupational position; education (which, being set early in life, is considered to be an 

indicator of socioeconomic circumstances in early life) (Galobardes et al., 2007); and height, 

which reflects cumulative effects of health conditions and disease load experienced during 

childhood, and thus provides a proxy measure of childhood socioeconomic and environmental 

conditions (Gunnell, 2002). 

Father’s occupational position was reported by the participants at the baseline survey in both 

studies. In Whitehall II it was assessed with the question “What is/was your father’s main job, 

what kind of work does/did he do in it?”, coded basing on the Registrar General’s 

occupational position classification. There were six categories: “I-Professional occupations 

(e.g. doctors and lawyers)”, “II-Managerial and lower professional occupations (e.g. managers 

and teachers)”, “IIIN-Non-manual skilled occupations (e.g. office workers)”, “IIIM-Manual 
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skilled occupations (e.g. bricklayers, coalminers)”, “IV-Semi-skilled occupations (e.g. postal 

workers)”, “V-Unskilled occupations (e.g. porters, dustmen)”. To allow comparability with 

the GAZEL cohort, the variable was simplified and two categories were created: non-manual 

occupations (I-II-III NM) and manual occupations (III M-IV–V). In the GAZEL study, 

father’s occupational position was assessed with the question “Which is /was your father’s 

occupation?”, coded basing on the classification provided by the French National Institute of 

Statistics and Economic Studies (INSEE). There were eight categories: “Farmer”, “Craftsman 

or shopkeeper”, “Entrepreneur”, “Manager or Executive”, “Intermediate occupation”, 

“Employee”, “Manual worker”, “Other occupation”. As in the Whitehall II study, the variable 

was categorized in non-manual (“Entrepreneur”, “Manager or Executive”, “Intermediate 

occupation”, “Employee”) or manual (“Farmer”, “Craftsman or shopkeeper”, “Manual 

worker”, “Other occupation”) occupations. 

Education was assessed as the highest qualification attained while in full-time education. In 

Whitehall II, it was drawn from Phase 5 (1997-1999) as this measure was more detailed than 

the baseline measure. For non-responders at Phase 5, the baseline measure of education was 

used. The question had eleven possible responses: “No academic qualifications”, “School 

Certificate”, “Matriculation”, ”O Level”, “A Level or SCE Higher”, “S Level”, “BA/BSC”, 

“University or CNAA Higher degree (e.g.MA/MSC, PhD)”, “City and Guilds”, “National 

Diplomas and Certificates (e.g. ONC, HND, etc.)”, “Other”. The variable was grouped in 

three categories to allow comparability between the two cohorts: university degree 

(“BA/BSC”, “University or CNAA Higher degree”), higher secondary school (“'A' Level or 

SCE Higher”, “'S'Level”, “City and Guilds”, “National Diplomas and Certificates”, “Other”), 

and lower than higher secondary school (“No academic qualifications”, “School Certificate”, 

“Matriculation”,” 'O' Level”). In GAZEL, education was assessed at baseline (1989). The 

question had eight possible response: “School certificate”, “Former school certificate”, 

“Baccalaureate”, “Vocational training certificate”, “Vocational secondary school”, “Technical 

university degree”, “University qualification”, “Other higher university qualification”. These 

were categorized in three groups to allow comparability with the Whitehall II cohort: 

university degree (“Technical university degree”, “University qualification”, “Other higher 

university qualification”), higher secondary school (“Vocational secondary school”, 

“Baccalaureate”), and lower than higher secondary school (“School certificate”, “Former 

school certificate”, “Vocational training certificate”).  
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Height: For this measure, there are some unavoidable comparability issues between the 

cohorts, as height was objectively measured during the clinical examination in Whitehall II 

but self-reported in GAZEL. This limitation will be discussed further in the limitations section 

of the discussion. In preliminary analyses, height was used as a continuous variable. 

Preliminary results showed that the association of height with mortality was not linear. For 

this reason, it was coded in three categories and used as a categorical variable in the analysis.  

In Whitehall II, height was measured to the nearest millimetre at the baseline medical 

screening using a stadiometer with the participant standing completely erect with the head in 

the Frankfort plane. Participant’s height ranged from 144.5 to 203.0 cm in men and from 

132.5 to 186.6 cm in women. For the analysis, height was divided into three categories, 

separately in men and women, with the mid category composed of those of mean height ± 

2cm (between 174 and 178 cm for men and between 160 and 164 cm for women) and the 

other two categories representing those taller (>178 cm for men and >164 cm for women) and 

shorter (<174 cm for men and <160 cm for women) than those in the intermediate category. 

In GAZEL, height was self-reported in the baseline questionnaire. It ranged from 143 cm to 

198 cm in men and from 117 to 180 cm in women. For the analysis, height was divided into 

three categories, separately for men and women, with the middle category composed of those 

of mean height ± 2cm (between 172 and 176 cm for men and between 160 and 164 cm for 

women) and the other two categories representing those taller (>176 cm for men and >164 cm 

for women) and shorter (<172 cm for men and <160 cm for women) than those in the 

intermediate category. 

II.2.1.2 Adulthood 

In this thesis, occupational position will be the main indicator of socioeconomic position in 

adulthood. This measure was chosen because it not only represents the occupational hierarchy 

but it is also related to income, education, level of responsibility in the job and retirement 

benefits. Furthermore, misclassification, measurement error or missing data are less likely on 

this measure due to linkage with employer’s records. However, as socioeconomic position is a 

multifaceted concept, analyses will be repeated using income as an alternative measure of 

socioeconomic position in order to test the robustness of results.  
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Occupational position  

In Whitehall II occupational position was assessed using the British civil service employment 

grade; it is categorized as high (administrative), intermediate (professional or executive) and 

low (clerical or support) grades. In GAZEL, occupational position was defined using the 

employer’s (EDF-GDF) categorisation: high (managers), intermediate (skilled workers) and 

low (unskilled workers). In both cohorts, individuals in the three groups differ with respect to 

salary, social status and level of responsibility.  

Income 

In the Whitehall II study, data on income were collected only at the fifth data collection wave 

of the study (1997-1999; study baseline is 1985). Using those data would have broken the 

temporal order in the study design and potentially introduced reverse causation and selective 

retention biases. Reverse causation would occur if sickness caused a loss of income, for 

example, instead of income having an impact on illness; selective retention would occur 

because only participants alive in 1997 would be included in the study. In order to avoid these 

biases, a proxy measure of material circumstances at baseline, composed of measures of car 

ownership and type of accommodation, was used. Previous research has used similar 

measures as indicators of material factors (Carstairs & Morris, 1991; Townsend et al., 1991). 

The highest category represents participants owning a car and their house, while the lowest 

represents participants not owning a car and living in rented accommodation. The 

intermediate category represents other combinations of car ownership and type of 

accommodation. The association between this proxy of material circumstances and income at 

Phase 5 was tested for participants who replied to both questionnaires (N=7088). The two 

measures were strongly associated: for example, 93% of participants in the highest category 

of material circumstances were also in the highest category of income at Phase 5 (p 

Chi2<0.001). Although this measure is only an indicator of material conditions, in the interest 

of clarity in this thesis the term ‘income’ will be used, for Whitehall II, to refer to its proxy.  

In the GAZEL study, monthly household income was assessed at study baseline (1989) on an 

eight-item scale. It was coded in three categories to allow comparability with the Whitehall II 

measure and with the measure of occupational position on a three-level scale. Categories were 

based on quintiles of income converted into euros from French francs; the lowest category 

corresponded to the lowest quintile (income <1600€); the highest category to the highest 
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quintile (income ≥3800€) and the intermediate category to the three intermediate quintiles 

(income between 1600€ - 3800€).  

II.2.2 Mortality 

In Whitehall II, follow-up for mortality through the NHS Central Registry provides the date 

and cause of death (99.9% of participants flagged). In GAZEL, vital status data come from 

EDF-GDF itself, as the company pays out retirement benefits (Goldberg et al., 2007). Data on 

vital status and causes of death are updated annually in both cohorts. In the research presented 

here, the follow-up for mortality is different depending on the analysis. In analyses of the 

association between measures of early-life socioeconomic circumstances and mortality, 

participants were followed-up for mortality until 31 January 2008 in Whitehall II and until 28 

February 2008 in GAZEL. In analyses of the association between measures of socioeconomic 

position in adulthood and mortality, participants were followed up for mortality until 30 April 

2009 in Whitehall II and until 30 September 2009 in GAZEL.  

In France, information on the underlying causes of death, recorded by France’s national death 

registry (INSERM-CépiDC), is made available later than the data on vital status. Therefore, 

data on specific causes of death in GAZEL were available until 29 December 2005 for 

analysis of the association between measures of early-life socioeconomic circumstances and 

mortality and until 31 January 2008 for analysis of the association between measures of 

socioeconomic position in adulthood and mortality. 

For both cohorts, all-cause mortality, cancer mortality, and cardiovascular disease (CVD) 

mortality were analysed. The International Classification of Disease (ICD) codes used to 

define Cancer were 140.0-209.9 (ICD 9) and C00-C97 (ICD 10), to define CVD were 390.0-

458.9 (ICD 9) and I00-I99 (ICD 10), and to define CHD were 410.0-414.9 (ICD 9) and I20-

I25 (ICD 10). 

II.2.3 Health behaviours 

This section describes the four health behaviours examined in this thesis: smoking, alcohol 

consumption, diet, and physical activity. In both cohorts, health behaviours were measured 

repeatedly over the follow-up. Although detailed questions on the four health behaviours were 

available in the two cohorts, the measures were simplified and harmonized in order to allow 
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comparability between the two cohorts. The questionnaire sections on health behaviours for 

the two cohorts are reproduced in Appendix B. 

Whitehall II 

Health behaviours were collected four times over the follow-up: at Phase 1 (1985-99), Phase 

3 (1991-93), Phase 5 (1997-99), and Phase 7 (2003-04). Data were drawn from the four 

phases. Smoking status was categorized as current and non-current smokers, the latter 

category including both never smokers and ex-smokers. Alcohol consumption was assessed 

using questions on the number of alcoholic drinks (‘measures’ of spirits, ‘glasses’ of wine, 

and ‘pints’ of beer) consumed in the last week. This was converted to number of alcohol units 

(1 unit corresponds to 8 g of alcohol) consumed per week (Britton et al., 2004). Participants 

were categorized as ‘abstainers’ (0 units/week), ‘moderate’ (1-21 units/week for men, 1-14 

for women) and ‘heavy drinkers’ (more than 21 units/week for men, more than 14 for 

women). This categorisation was used in accord with current guidelines on sensible drinking 

(British Medical Association, 1995). Diet was assessed via questions on the frequency of fruit 

and vegetable consumption and participant’s diet was classified as ‘unhealthy’ for those 

eating fruit and vegetable less than three times a month; ‘healthy’ for those eating fruit and 

vegetable at least once a day; or ‘moderately healthy’ for dietary pattern in between these two 

extremes. Physical activity was assessed at Phases 1 and 3 using questions on the frequency 

and duration of participation in ‘mildly energetic’ (e.g., weeding, general housework, bicycle 

repair), “moderately energetic’ (e.g., dancing, cycling, leisurely swimming), and ‘vigorous’ 

physical activity (e.g., running, hard swimming, playing squash). At Phases 5 and 7, the 

questionnaire was modified to include 20 items on frequency and duration of participation in 

different physical activities (e.g., walking, cycling, sports) that were used to compute hours 

per week of each intensity level. Participants were classified as ‘active’ (more than 2.5 

hrs/week of moderate physical activity or more than 1 hr/week of vigorous physical activity), 

‘inactive’ (less than 1 hr/week of moderate physical activity and less than 1 hr/week of 

vigorous physical activity), or ‘moderately active’ (if not active or inactive).  

GAZEL  

In the GAZEL study, each of the four health behaviours was collected at least three times 

over the follow-up. Smoking status and alcohol consumption were collected yearly. Diet was 

collected in 1990, 1998 and 2004; physical activity in 1991, 1996, 2000 and 2004. For the 

analysis presented here, data were drawn from three time-windows: 1990-1995; 1996-2001; 
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2002-2007, so that all behaviours were assessed at least once in each time window. Smoking 

status was assessed using questions on current status of smoking (yes/no). Alcohol 

consumption was assessed using questions on the number of alcoholic drinks (“glasses” of 

aperitifs or digestives, wine, or beer) consumed in the previous week. This was converted to 

number of alcohol units with the procedure used for the Whitehall II study. Participants were 

categorized as ‘abstainers’ (0 unit/week), ‘moderate’ (1-21 units/week for men, 1-14 for 

women) and ‘heavy drinkers’ (>21 units/week for men, >14 for women). Diet was assessed 

via questions on the frequency of consumption of fruit and green vegetables (first time-

window) and on the frequency of consumption of fruit and cooked and raw vegetables 

(second and third time-windows). Participant’s diet was classified as ‘healthy’ if they reported 

eating fruit and vegetable ‘almost every day’; ‘unhealthy’ if they reported eating fruit and 

vegetable ‘seldom or never’ or ‘moderately healthy’ if their dietary pattern was in between 

these two extremes. Information on physical activity was assessed with a question on 

participation in sports activities, with respondents classified as ‘physically active’ if they 

practised sports regularly (at least once a week), ‘inactive’ if they did not report participation 

in any sports activities and ‘moderately active’ if they reported participating in sports 

activities only occasionally.  

II.2.4 Social support 

Functional measures of social support were not available in the GAZEL study. Thus, only 

structural measures of social support were examined in this thesis. Three structural measures 

of social support were used: network size, social participation, and marital status. In both 

cohorts, these measures were assessed repeatedly over the follow-up. As for health 

behaviours, more detailed measures of social support were available but to allow 

comparability between the two cohorts, only comparable questions were selected. Moreover, 

categories were simplified to facilitate comparison between the cohorts. The questionnaire 

sections on social support for the two cohorts are reproduced in Appendix B. 

Whitehall II  

Comprehensive measures of network size and social participation were available at Phase 1 

(1985-1988), Phase 2 (1989-1990), Phase 5 (1997-1999) and Phase 7 (2002-2004) of the 

study. Marital status was collected at each phase. Network size was obtained from one 

question on the number of friends and one question on the number of relatives seen at least 

once a month (questions on a 5-item scale ranging from none to more than 10). The number 
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of friends and relatives was summed and network size was coded as ‘low’ if the participants 

reported no friends or relatives, as ‘intermediate’ if the participant reported seeing 1 or 2 

friends or relatives at least once a month, and as ‘high’ if the participants reported seeing 

more than 2 friends or relatives at least once a month. Social participation was derived, at 

Phases 1 & 2, from one question on attendance at religious services and one question on 

membership to clubs or organisations (i.e. social or recreational groups, trade union, 

commercial groups, professional organisations, political parties, sports clubs, cultural groups, 

and pressure groups). Social participation was coded as ‘low’ if the participant reported not 

attending religious services and not being a member of a club or organisation; as ‘high’ if the 

participant reported attending religious services and being member of a club or organisation; 

and as ‘intermediate’ if the participant either attended religious services or was a member of a 

club or organisation. At Phases 5 & 7 the questions on social participation were modified to 

obtain more detailed information on different types of activities. Four questions that were 

most comparable to those in the previous phases were selected to code social participation: 

religious observance, involvement in clubs and organisations, involvement in cultural 

activities and participation in social indoor games. The last three were grouped together and 

social participation was coded as ‘low’ if the participant reported not to observe religious 

services and not to participate to any of the three social activities; as ‘high’ if the participant 

reported observing religious services and participating to at least one of the three social 

activities; and as ‘intermediate’ if the participant either attended religious services or reported 

participating to at least one of the three social activities. Marital status was coded as 

married/cohabiting versus never married, separated, divorced, or widowed, the latter four 

combined together.  

GAZEL  

Network size and social participation were collected in 1991, 1994 and 2004. Marital status 

was available yearly. In 1991 and 2004, network size was obtained from a question on the 

number of friends and relatives seen at least once a month (question on a 5-item scale ranging 

from none to more than 10). The variable was coded as 0 if the participants reported no friend 

or relative, as 1 if the participant reported seeing 1 or 2 friends or relatives at least once a 

month and as 2 if the participant reported seeing more than 2 friends or relatives at least once 

a month. In 1994 network size was obtained from one question on the number of friends and 

one question on the number of relatives seen at least once a month. The variable was coded 

using the same procedure used in Whitehall II. Social participation was obtained using 
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questions on membership to: 1) political parties or religious groups; 2) sport or leisure groups; 

3) professional organisations or trade unions; 4) humanitarian organisation. The last three 

activities were grouped together and social participation was coded as ‘low’ if the participant 

reported not to be a member of a religious or political group and not to participate to any of 

the other three activities; as ‘high’ if the participant reported being a member of a religious 

group or political party and participating to at least one of the other three activities; as 

‘intermediate’ if the participant either was member of a political or religious group or reported 

participating to at least one of the other three activities. Marital status was coded as 

married/cohabiting versus never married, separated, divorced, and widowed, the latter four 

categories combined together. 

II.2.5 Missing values on health behaviours or social support measures  

A complete-case approach in proportional hazards regression models has been shown to be 

inappropriate when data are not missing at random (Demissie et al., 2003). For this reason, an 

imputation procedure was used to reduce the number of missing values in the analyses. This is 

described below. 

Whitehall II 

If data on health behaviours were missing at one of the follow-ups (Phases 3, 5, or 7), these 

were replaced with data from one phase immediately prior or subsequent to that phase. The 

number of missing values imputed at each phase is reported in Table 1, for each health 

behaviour. In total, out of the 9651 participants included at Phase 3, 18% had at least one 

value replaced; out of the 8177 participants included at Phase 5, 19% had at least one value 

replaced and out of the 7166 participants included at Phase 7, 11% had at least one value 

replaced. The same imputation procedure used for health behaviours was applied to measures 

of social support. The number of missing values imputed at each phase is reported in Table 1 

for each measure of social support. In total, out of the 10 141 participants included at Phase 2, 

21% had at least one value imputed; out of the 8780 participants included at Phase 5, 24% had 

at least one value imputed and out of the 7403 participants included at Phase 7, 11% had at 

least one value imputed. 
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Table 1 Imputation of missing values over the follow-up in the Whitehall II study. 
  Phase 1 Phase 2 Phase 3 Phase 5 Phase 7 
N includeda (Health Behaviours) 9771  9651 8177 7166 
N imputedb  

Smoking  1865 1423 721 
Alcohol consumption  1847 1547 796 
Diet  1988 1687 943 
Physical activity   1780 1549 773 

% imputedc   18% 19% 11% 
N includeda (Social Support) 10 196 10 141  8780 7403 
N imputedb      

Network size 2153 1800 766 
Social participation 2169 1756 840 
Marital status 2121 2019 687 

% imputedc 21% 24% 11% 
a 

Number of participants included in analyses at each phase, after imputation. 
b Number of participants imputed at each Phase for each variable. 
c Percentage of participants with at least one value imputed at each Phase. 

GAZEL  

Information on smoking status and alcohol consumption was available yearly and these data 

were drawn primarily from a single year in each time window (1992, 1998 and 2004) with 

data from the previous or successive years used to replace missing values. Information on diet 

and physical activity was available at least once in each time-window. Data missing at one of 

the time-windows were replaced using information from the closest time window. The 

number of missing values imputed at each phase is reported in Table 2, for each health 

behaviour. In total, 20% of the sample population had at least one value replaced at the first 

time window out of the 17 760 included, 26% at the second time window (out of the 17 501 

included) and 29% at the third time window (out of the 15 377 included).  

Information on network size and social participation was available in 1991, 1994 and 2004. 

Data missing at one of these years were replaced using information from the closest year 

where information was available. Marital status was collected yearly. Data were drawn 

primarily from the 1991, 1994 and 2004 questionnaires and data from the previous or 

successive years were used to replace missing values. The number of missing values imputed 

at each phase is reported in Table 2 for each measure of social support. In total, 12% of the 

sample population had at least one value replaced in 1991 (out of the 17 467 participants 

included), 27% in 1994 (out of the 17 387 participants included) and 25% in 2004 (out of the 

15 034 participants included). 
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Table 2 Imputation of missing values over the follow-up in the GAZEL study. 
1991 1992 1994 1998 2004 

N includeda (Health Behaviours)  17 760  17 501 15 377 
N imputedb  

Smoking 2136 3435 3052 
Alcohol consumption 2343 3529 3072 
Diet 817 3146 1354 
Physical activity  1107 2732 3539 

% imputedc  20%  26% 29% 
N includeda (Social Support) 17 467  17 387  15 034 
N imputedb      

Network size 1226  2609 1917 
Social participation 1702  2821 2186 
Marital status 672  4275 3741 

% imputedc 12%  27% 25% 
a 

Number of participants included in analyses in each year, after imputation. 
b Number of participants imputed in each year for each variable. 
c Percentage of participants with at least one value imputed ain each year. 

II.2.6 Other measures 

Three other measures were used in the analyses: sex, age and self-rated health. In both 

cohorts, age was age at the baseline of the study (Phase 1, 1985-1988 in Whitehall II and 

1989 in GAZEL). In Whitehall II, it ranged from 35 to 55 years for men and women; in 

GAZEL from 40 to 50 years for men and from 35 to 50 years for women. Self-rated health 

was used in sensitivity analyses. In Whitehall II, it was assessed, at Phases 1 & 2, with the 

question: “Over the last 12 months would you say your health has been very good, good, 

average, poor, or very poor?”. At Phases 3, 5 & 7, it was assessed with the question “In 

general would you say your health is excellent, very good, good, fair or poor?”. Self-rated 

health was then categorized as ‘good/average’ (very good/good or average at Phases 1 & 2 

and excellent/very good or good at successive phases) or ‘poor’ (poor or very poor at Phase 1 

& 2 or fair or poor at successive phases). In GAZEL self-rated health was collected yearly and 

assessed with the question: “How do you judge the state of your health in general?”. Answers 

were on an eight-point scale ranging from very good to very poor. Self-rated health was then 

categorized as ‘good/average’ (answers 1 to 5) or ‘poor’ (answers 6 to 8). 

II.3 Samples characteristics at baseline 

This section describes baseline characteristics of Whitehall II and GAZEL participants 

according to the indicators used in this thesis. Table 3 shows baseline socio-demographic 

characteristics and Table 4 the baseline distribution of health behaviours and social support 

measures. In both cohorts, at study entry about two-thirds of the participants were men. Mean 

age of men was 44 years in both cohorts; mean age of Whitehall II women was 42.3 years and 



 

 77

of GAZEL women 41.2 years. In both cohorts, the majority of male participants had an 

intermediate occupational position (52.3% in Whitehall II and 55.9% in GAZEL). This was 

also true for women in GAZEL (64.8% in the intermediate occupational position), while the 

majority of women in Whitehall II had a low occupational position (49.7%). A great 

proportion of Whitehall II participants were in the highest income category (83.0% men and 

63% women among the non-missing), while in GAZEL participants were more commonly in 

the intermediate income category (68.7% men and 68.8% women among the non-missing)8. 

Considering the measures of socioeconomic circumstances in early life, 32.0% of the non-

missing male participants in Whitehall II had a university education (versus 21.0% in 

GAZEL) and 62.0% had a father whose occupation was non-manual (versus 38.0% in 

GAZEL). The majority of Whitehall II women had a less than secondary education (61% of 

the non-missing) and the majority of GAZEL women had a secondary education (59.5% of 

the non-missing). For Whitehall II women, it was more common to have a father whose 

occupation was non-manual (53.7% of the non-missing) while the majority of GAZEL 

women had a father with a manual occupation (55.8% of the non-missing). Mean height for 

Whitehall II men was 176 cm, the corresponding figure in GAZEL was 174 cm; women’s 

mean height was the same in both cohorts (162 cm). 

  

                                                 
8 In Whitehall II, income was not available at study baseline. Information on car ownership and type of 
accommodation was used to create a proxy measure of income. For more details, see the description of the 
variable in the measures section.  
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Table 3 Demographic and socioeconomic characteristics of the Whitehall II and the GAZEL participants.  
 WHITEHALL II  GAZEL  
 MEN WOMEN  MEN WOMEN  
N, (%) 6895 (66.9) 3413 (33.1) 15011 (72.8) 5614 (27.2) 
Age (Mean, SD) 44.0 (6.0) 42.3 (6.0) 44.1 (2.9) 41.2 (4.2) 
Employment grade (N, %)     

High 2647 (38.4) 381 (11.2) 4460 (29.7) 442 (7.9) 
Intermediate 3607 (52.3) 1336 (39.1) 8385 (55.9) 3633 (64.7) 
Low 641 (9.3) 1696 (49.7) 2151 (14.3) 1529 (27.2) 
Missing 0 0 15 (0.1) 10 (0.2) 

Incomea (N, %)     
High 5640 (81.8) 2106 (61.7) 999 (6.7) 448 (8.0) 
Intermediate 613 (13.3) 875 (25.6) 9975 (66.4) 3631 (64.7) 
Low 285 (4.1) 377 (11.1) 3541 (23.6) 1199 (21.3) 
Missing 57 (0.8) 55 (1.6) 496 (3.3) 336 (6.0) 

Education (N, %)     
University 2004 (29.1) 507 (14.9) 3094 (20.6) 702 (12.5) 
Higher secondary school 1676 (24.3) 635 (18.6) 8691 (57.9) 3244 (57.8) 
Lower than higher secondary 2548 (36.9) 1778 (52.1) 2920 (19.5) 1508 (26.9) 
Missing 667 (9.7) 493 (14.4) 306 (2.0) 160 (2.9) 

Father's occupational position (N, %)     
Non-manual 3745 (54.3) 1437 (42.1) 5579 (37.2) 2394 (42.7) 
Manual 2374 (34.4) 1342 (39.3) 9107 (60.7) 3017 (53.7) 
Missing 776 (11.3) 634 (18.6) 325 (2.1) 203 (3.6) 

Height (N, %)     
Shorter than mean - 2cmb 2538 (36.8) 1297 (38.0) 5755 (38.3) 2040 (36.3) 
Mean ± 2cmb 1697 (24.6) 816 (23.9) 3145 (20.9) 988 (17.6) 
Taller than mean + 2cmb 2651 (38.5) 1299 (38.1) 4001 (26.7) 1597 (28.5) 
Missing 9 (0.1) 1 (0.0) 2110 (14.1) 989 (17.6) 

SD=Standard deviation 
a Income was not available at study baseline in Whitehall II. An alternative measure of material conditions composed of car 
ownership and accommodation type was used. 
b Mean=176 cm for men and 162 cm for women in Whitehall II and mean=174 cm for men and 162 cm for women in 
GAZEL. 

Table 4 shows the baseline distribution of health behaviours and of measures of social support 

in the two cohorts. Among non-missing participants, 15.8% of men in Whitehall II and 28.6% 

of men in GAZEL were current smokers at study entry (Phase 1 in Whitehall II and 1989 in 

GAZEL). The prevalence of current smoking among women was 23.3% in Whitehall II and 

19.0% in GAZEL. In both cohorts, the majority of participants consumed alcohol moderately, 

the category of moderate alcohol consumption being defined as drinking between 1 and 21 

units of alcohol per week for men and between 1 and 14 units for women ( for a more detailed 

description of this measure see the section on measures). A large proportion of Whitehall II 

participants followed a healthy diet (55.4% men and 63.8% women among the non-missing), 

while the majority of GAZEL participants followed a moderately healthy diet (70.6% men 

and 64.5% women among the non-missing). Diet categories were based on weekly 

consumption of fruit and vegetables; for a more detailed description see section II.2.3. In both 

cohorts, at baseline the majority of participants were physically active apart from women in 

GAZEL who were more frequently inactive (41.4% of the non-missing). Concerning 

measures of social support, a large proportion of Whitehall II participants reported seeing 
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more than 2 friends or relatives at least once a month (64.1% men and 67.1% women among 

the non-missing). The same was true for GAZEL (60.8% men and 55.4% women in the 

highest network size category, among the non-missing participants). In both cohorts, the 

majority of participants were in the intermediate category of social participation, representing 

those who either reported attending religious services (or religious services/political parties in 

GAZEL) or participating in at least one social activity. At study inception, among participants 

for whom information on marital status was available, 80.4% men in Whitehall II and 87.2% 

men in GAZEL were married or cohabiting. The corresponding figure for women was 61.2% 

in Whitehall II and 67.8% in GAZEL. 
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Table 4 Baseline distribution of health behaviours, social support and self-rated health in the Whitehall II 
and GAZEL studies. 
 WHITEHALL II  GAZEL  
 MEN WOMEN  MEN WOMEN  
N, (%) a 6895 (66.9) 3413 (33.1) 15011 (72.8) 5614 (27.2) 
Smoking (N, %)     

Current smokers 1091 (15.8) 795 (23.3) 4280 (28.5) 1054 (18.8) 
Non-current smokers 5737 (84.1) 2615 (76.6) 10676 (71.1) 4487 (79.9) 
Missing  7 (0.1) 3 (0.1) 55 (0.4) 73 (1.3) 

Alcohol consumption (N, %)     
Abstainers 891 (12.9) 982 (28.8) 2574 (17.1) 2083 (37.1) 
Moderate drinkers 4674 (67.8) 2065 (60.5) 9120 (60.8) 3100 (55.2) 
Heavy drinkers 1275 (18.5) 327 (9.6) 3301 (22.0) 419 (7.5) 
Missing  55 (0.8) 39 (1.1) 16 (0.1) 12 (0.2) 

Diet (N, %)     
Healthy 3808 (55.2) 2170 (63.6) 1763 (11.7) 1234 (22.0) 
Moderate  2792 (40.5) 1135 (33.3) 9684 (64.5) 3253 (57.9) 
Unhealthy 276 (4.0) 94 (2.7) 2274 (15.2) 556 (9.9) 
Missing  19 (0.3) 14 (0.4) 1290 (8.6) 571 (10.2) 

Physical activity (N, %)     
Active 4592 (66.6) 1491 (43.7) 5101 (34.0) 2222 (39.6) 
Moderate 1453 (21.1) 855 (25.0) 3792 (25.3) 1078 (19.2) 
Inactive 645 (9.3) 856 (25.1) 4686 (31.2) 1655 (29.5) 
Missing  205 (3.0) 211 (6.2) 1432 (9.5) 659 (11.7) 

Network size (N, %)     
More than 2 relative or friends  4417 (64.1) 2269 (66.5) 7994 (53.3) 2642 (47.1) 
1-2 relatives or friends  1683 (24.4) 814 (23.9) 4070 (27.1) 1749 (31.2) 
No relatives or friends 764 (11.1) 298 (8.7) 1071 (7.1) 380 (6.8) 
Missing 31 (0.4) 32 (0.9) 1876 (12.5) 843 (15.0) 

Social participation (N, %)     
High 1836 (26.6) 630 (33.6) 1426 (9.4) 397 (7.1) 
Intermediate 3892 (56.5) 1145 (47.4) 8285 (55.2) 2476 (44.1) 
Low 1145 (16.6) 1619 (18.4) 3251 (21.7) 1768 (31.5) 
Missing 22 (0.3) 19 (0.6) 2049 (13.7) 973 (17.3) 

Marital status (N, %)     
Married or cohabiting 5530 (80.2) 2078 (60.9) 13040 (86.9) 3796 (67.6) 
Non-married or cohabiting 1345 (19.5) 1317 (38.6) 1905 (12.7) 1796 (32.0) 
Missing  20 (0.3) 18 (0.5) 66 (0.4) 22 (0.4) 

Self-rated health (N, %)     
Good/Average 6602 (95.7) 3153 (92.4) 14188 (94.5) 5253 (93.6) 
Poor  267 (3.9) 250 (7.3) 691 (4.6) 272 (4.9) 
Missing  26 (0.4) 10 (0.3) 132 (0.9) 89 (1.6) 

a In Whitehall II, data presented are from the baseline survey (Phase 1, 1985-1988) for both the measures health behaviours 
and social support measures. In GAZEL, for analyses including health behaviours, participants were followed-up starting 
from 1992. Smoking status and alcohol consumption were drawn from the 1992 questionnaire. Diet was drawn from the 1990 
questionnaire and physical activity from the 1991 questionnaire. For analyses including social support measures, GAZEL 
participants were followed-up starting from 1991. In the table, network size, social participation and marital status are drawn 
from the 1991 questionnaire. In GAZEL, data presented in the table are after imputation, in Whitehall II, no value was 
imputed for the baseline measures. 

II.3 Methods 

II.3.1 Plan of analysis 

As mentioned previously, this thesis is divided into two parts: 1) the description of 

socioeconomic inequalities in mortality using measures of socioeconomic position over the 
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life course; 2) the analysis of the contribution of health behaviours and of social support to the 

socioeconomic gradient in mortality.  

II.3.1.1 Socioeconomic inequalities in all-cause and cause-specific mortality  

Figure 11 below represents the various measures of socioeconomic position used for this 

research and their timing over the participants’ life course. First, the association of early-life 

socioeconomic measures (father’s occupational position, height and education) with all-cause, 

cancer, and cardiovascular mortality will be examined initially separately in the two cohorts 

and then using pooled data from the two cohorts. Then, the association of measures of 

socioeconomic position in adulthood (occupational position and income) with all-cause, 

cancer, and cardiovascular mortality will be examined separately in the two cohorts. The 

second part of the thesis will focus on socioeconomic position in adulthood. For the causes of 

death for which there is a social gradient, the contribution of health behaviours and of social 

support will be examined in further analyses; details are presented in the next paragraph.  

 

Figure 11 Measures of socioeconomic position over the life course examined in the thesis. 

II.3.1.2 Contribution of health behaviours and social support to the socioeconomic 

gradient in mortality 

Analysis of the contribution of health behaviours and social support to the socioeconomic 

gradient in mortality will be carried out for the causes of death for which there is a social 

gradient. These analyses, which will be performed separately in the two cohorts, consist of 

four parts:  

1) The analysis of the association of health behaviours or measures of social support with 

occupational position over the follow-up period for mortality.  
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2) The analysis of the association of health behaviours or measures of social support 

assessed longitudinally over the follow-up, with all-cause and cause-specific 

mortality.  

3) The analysis of the contribution of health behaviours or measures of social support to 

the socioeconomic gradient in mortality. The contribution of health behaviours to the 

socioeconomic gradient in mortality will be first examined in the Whitehall II study, 

comparing a baseline assessment to a longitudinal assessment of health behaviours 

over the follow-up. Then, the mediating role of health behaviours or social support in 

the association between socioeconomic position and mortality will be examined 

assessing health behaviours or social support longitudinally over the follow-up in the 

two cohorts.  

4) A sensitivity analysis will be performed using income as an alternative measure of 

socioeconomic position in adulthood. 

II.3.2 Statistical analysis 

II.3.2.1 Association of early-life socioeconomic position with mortality  

For the analysis of the association of early-life socioeconomic position with mortality, 

analyses on the two cohorts were first conducted separately. Then, the interaction terms 

between measures of early-life socioeconomic circumstances and cohort for each mortality 

outcome were calculated using pooled data from the two cohorts. These analyses showed no 

evidence of difference in the association between socioeconomic circumstances and mortality 

between the two cohorts (p≥0.05), allowing the estimation of the effects of early-life 

socioeconomic circumstances using pooled data from the two cohorts to ensure sufficient 

statistical power. The interaction terms between the measures of early-life socioeconomic 

circumstances and sex were tested for each mortality outcome. No significant interactions 

were found, so data for men and women were analysed together. The extent to which the three 

measures of socioeconomic circumstances were associated with each other was examined 

using Pearson’s chi-squared test. The age- and sex- adjusted mortality rates per 1,000 person-

years for each indicator - father’s occupational position, education and height categories - for 

all cause and cause-specific mortality were calculated.  

Cox proportional hazards regression was used to estimate Hazard Ratios (HR) and their 95% 

confidence intervals (CI) for the associations between measures of early-life socioeconomic 
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circumstances and mortality. Participants were censored at the date of death or at the end of 

follow-up, whichever occurred first. For cause-specific analysis, GAZEL participants were 

censored at the date of death or at 29 December 2005. Each measure - father’s occupational 

position, education and height - was first analysed separately with adjustment for age, sex and 

cohort. Subsequently, in order to assess whether the markers of socioeconomic position were 

associated with mortality independently of each other, all measures were entered 

simultaneously into the Cox model in addition to age, sex and cohort. Tests for linear trend 

across categories of early-life socioeconomic circumstances were performed by entering them 

as continuous variables. The proportional hazard assumptions associated with Cox regression 

were tested by use of Schoenfeld residuals and found not to be violated at p=0.05. 

II.3.2.2 Association of socioeconomic position in adulthood with mortality 

First, mortality rates per 1000 person-years for each socioeconomic group, standardized for 

age (4-5 year age groups) and sex were calculated with the direct standardisation method. 

Then, HRs and their 95% CIs for the association between socioeconomic position and 

mortality were estimated using Cox regression. As tests did not suggest departures from a 

linear trend (all p-values ≥ 0.05), in both cohorts the measure of socioeconomic position was 

used as a continuous 3-level variable. The coefficient associated with a unit change in 

socioeconomic position was squared to yield the coefficient for the lowest versus the highest 

socioeconomic group (a two-unit change) under the assumption of linearity of the association 

between socioeconomic position and mortality. The interaction terms between socioeconomic 

position and sex were tested for each mortality outcome. No significant interactions were 

found (all p≥ 0.05).  

II.3.2.3 Contribution of health behaviours and social support to socioeconomic 

differences in mortality: mediation analysis  

II.3.2.3.1 Association of health behaviours (or social support) with socioeconomic position 

The interaction terms between socioeconomic position and sex were tested for the association 

between socioeconomic position and health behaviours and for the association between 

socioeconomic position and measures of social support. The social patterning of health 

behaviours did not differ by gender (all p≥0.05), so data for men and women were analysed 

together in analyses of the role of health behaviours in explaining socioeconomic differences 

in mortality. The social patterning of measures of social support was different in men and 
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women (p<0.05 for all measures in the two cohorts). In main analysis, the contribution of 

social support to the socioeconomic gradient in mortality was examined grouping men and 

women together. All analyses were then repeated stratifying by sex in order to assess whether 

the different social patterning of measures of social support in men and women could affect 

their contribution to the socioeconomic gradient in mortality.  

Health behaviours  

Age- and sex-adjusted prevalence rates of smoking, heavy alcohol consumption, unhealthy 

diet and physical inactivity, and differences in health behaviours prevalence between lowest 

and highest socioeconomic position at the first and the last follow-up were calculated. The 

association of socioeconomic position with each health behaviour at the first and last 

measurement over the follow-up period was further examined using age- and sex-adjusted 

logistic regression. 

Social support 

Age- and sex-adjusted rates of low network size, low social participation and not being 

married or cohabiting, and rate differences between lowest and highest socioeconomic 

position at the first and the last follow-up were calculated. The association of socioeconomic 

position with each measure of social support at the first and last measurement over the follow-

up period was then examined using age- and sex- adjusted logistic regression. 

II.3.2.3.2 Association of health behaviours (or measures of social support) with mortality 

Cox proportional regression analysis was used to estimate hazard ratios and their 95% 

confidence intervals for the association between each health behaviour (or each measure of 

social support), used as time dependent variable, and mortality.  

II.3.2.3.3 Role of health behaviours (or social support) in explaining socioeconomic 

differences in mortality 

Baseline or longitudinal assessment of health behaviours 

After exploring the socioeconomic gradient in mortality, we aimed to examine the role of 

health behaviours in explaining this association. To investigate whether it was beneficial to 

include repeated measures of health behaviours rather than a single baseline measures, both 

approaches were compared in the Whitehall II study. For this analysis, the Cox regression 
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model for the association between socioeconomic position and mortality was first adjusted for 

age and sex (Model 1). Subsequently, smoking status, alcohol consumption, dietary patterns 

and physical activity assessed at baseline were entered one by one and then simultaneously 

into Model 1. The mediating role of each health behaviour was determined by the percent 

reduction in the coefficient for socioeconomic position after inclusion of the health 

behaviour(s) in question, using the formula “100 x (β Model 1 - β Model 1+ health behaviours (s))/(β Model 

1)”. A 95% CI around the percentage attenuation was then calculated using a bias corrected 

accelerated (BCa) bootstrap method with 2000 resamplings (SAS Institute Inc., 2000). In the 

second set of analyses, the procedure described above was repeated with health behaviours 

assessed at Phases 1, 3, 5 and 7 entered as time-dependent covariates. The same bootstrap 

method was used once again to test the difference between adjustment for health behaviours 

at baseline and adjustment for health behaviours assessed longitudinally. If the 95% CI did 

not include 0, the estimations from the two models were considered to be different. 

Comparison of the two cohorts 

All analyses are conducted separately in the two cohorts. In the analysis of the role of health 

behaviours (or measures of social support) in explaining the association between 

socioeconomic position and mortality, a first model included adjustment for age at baseline 

(Model 1). Subsequently, smoking status, alcohol consumption, dietary patterns and physical 

activity (or network size, social participation and marital status), assessed longitudinally 

through the follow-up, were entered individually and then simultaneously into the model. The 

contribution of each health behaviour (or measure of social support) in explaining the 

association between socioeconomic position and mortality was determined by the percent 

reduction in the coefficient for socioeconomic position after inclusion of the health behaviour 

(or measure of social support) in question to Model 1. This was calculated using the formula 

“100 x (β Model 1 - β Model 1+ health behaviour(s))/(β Model 1 )” (or “100 x (β Model 1 - β Model 1+ social support 

measure (s))/(β Model 1 )”). The contribution of all health behaviours (or of all measures of social 

support) was determined from the model adjusted for all health behaviours (or for all 

measures of social support) in a similar manner. In order to add precision to the percent 

attenuation, a 95% confidence interval around it was calculated using a BCa bootstrap method 

with 2000 resamplings. 

In order to test whether the associations between socioeconomic position and health 

behaviours (or measures of social support), between health behaviours (or measures of social 
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support) and mortality and between socioeconomic position and mortality differed in the two 

cohorts, an interaction term between socioeconomic position (or health behaviours) and 

cohort was fitted in the different regression models described above, including both cohorts. 

II.3.2.3.3 Censoring  

Participants with complete data, after imputation, on all health behaviours (or measures of 

social support) at all intervals preceding death or the end of follow-up were censored at their 

date of death or at end of follow-up. The remaining participants were censored at the last date 

at which they had complete data on all health behaviours (or all measures of social support) 

for all preceding intervals, after imputation. This procedure allowed the use of all the 

information available and to increase the number of person-years on which Cox regression 

estimates are based. Figures 12 & 13 represents the numbers of participants included in the 

study, dead, and censored at each time interval in Whitehall II and in GAZEL, for analyses on 

health behaviours and on social support respectively.  

Follow-up of participants included in analysis of the role of health behaviours in explaining 
social inequalities in mortality 
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Figure 12 Follow-up of Whitehall II and GAZEL parti cipants included in analysis of the role of health 
behaviours in explaining social inequalities in mortality.  

In Whitehall II, 9771 participants were included. Of these, 693 died during the follow-up and 

were censored at their date of death. 6950 participants had complete data on all health 

behaviours at all follow-ups and were still alive at the end of follow-up for mortality (April 

2009); they were censored at this date. 1316 participants had complete data on all health 

behaviours at phases 1 & 3 and they were censored at Phase 5; 835 participants had complete 

data on all health behaviours at all phases until Phase 5 and they were censored at Phase 7. In 

GAZEL, 17 760 participants were included. 908 died over the follow-up and were censored at 

their date of death. 15 012 had complete data on all health behaviours at all follow-ups and 

were still alive at the end of follow-up for mortality (September 2009); they were censored at 

this date. 43 participants were censored in 1998 and 1797 participants, who had complete data 

on all health behaviours in 1992 and 1998, were censored in 2004. 

Follow-up of participants included in analysis of the role of social support in explaining social 
inequalities in mortality 

 
Figure 13 Follow-up of Whitehall II and GAZEL parti cipants included in analysis of the role of measures 
of social support in explaining social inequalities in mortality. 

In Whitehall II, 10 196 participants were included. Of these, 743 died during the follow-up 

and were censored at their date of death. 7131 participants had complete data on all measures 
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of social support at all follow-ups and were still alive at the end of follow-up for mortality 

(April 2009); they were censored at this date. 1150 participants had complete data on all 

measures of social support at Phases 1 & 2 and they were censored at Phase 5; 1173 

participants had complete information on all health behaviours at all phases until Phase 5 and 

they were censored at Phase 7. In GAZEL, 17 467 participants were included. 952 died over 

the follow-up and were censored at their date of death. 14 674 participants had complete data 

on all measures of social support at all follow-ups and were still alive at the end of follow-up 

for mortality (September 2009); they were censored at this date. 5 participants were censored 

in 1994 and 1836 participants, who had complete data on all measures of social support in 

1991 and 1994, were censored in 2004. 
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CHAPTER III: RESULTS 

III.1 Socioeconomic inequalities in mortality 

III.1.1 Early life9 

III.1.1.1 Population included in the analyses and sample characteristics  

As described in the methods section, analyses of the association of early-life socioeconomic 

circumstances with mortality were first conducted separately in the two cohorts and then 

together using pooled data from the two cohorts, as there was no evidence to suggest that the 

effect of socioeconomic position in early life on mortality was different in the two cohorts (p-

value for interaction between measures of socioeconomic circumstances in early life and 

cohort=0.16 for father’s occupational position, p=0.85 for education and p=0.46 for height, 

for all-cause mortality). This choice was made to ensure sufficient statistical power for the 

analyses. Participants with missing data on father’s occupational position (N=1914), 

education (N=1626) and height (N=3109), or not followed-up for mortality (N=12), 

categories not mutually exclusive, were excluded from the analysis. In total, 18 393 men 

(84.0% of men at baseline) and 7060 women (78.2% of women at baseline) were included in 

the analysis presented here. Those excluded tended to be shorter (mean height of 169.5 cm 

versus 171.2 cm in the included sample, p<0.01), were more likely to have a father with a 

manual occupation (57% versus 54% in the included sample, p<0.01), and tended to be less 

educated (31% with no higher secondary education versus 29% in the included sample, p 

<0.01). The non-included men were not different in age from those included (44.0 in both 

groups, p=0.89); non-included women were older than those included (43.0 versus 42.7 years, 

p<0.01).  

Baseline characteristics of the included sample are shown in Table 5. A total of 1116 men and 

326 women died during the follow-up. The mortality rate was higher in men than in women 

(3.5 versus 2.5 per 1000 person-years, p<0.001). About a half of participants had a father 

whose occupation was manual (54.7% men and 53.4% women); the majority of participants 

                                                 
9 Results presented in this section are the subject of one published paper: Stringhini S, Dugravot A, Kivimaki M, 
Shipley M, Zins M, Goldberg M, Ferrie JE, Singh-Manoux A. Do different measures of early life socioeconomic 
circumstances predict adult mortality? Evidence from the British Whitehall II and French GAZEL studies. J 
Epidemiol Community Health, 2010 Jul 30, Epub ahead of print. 
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had a higher secondary education (48.9% men and 45.7% women). Mean height in the 

intermediate category was 175.1 cm for men (SD=3.7) and 162.4 cm for women (SD=3.3).  

Table 5 Baseline characteristics of the population included in analysis of the association of socioeconomic 
position in early life with mortality. 
  MEN (n=18393) WOMEN (n=7060) 
Age Mean, (SD) 44.1 (4.1) 42.7 (5.3) 
Mortality N, (Ratea) 1116 (3.5) 326 (2.5) 
Father's position N (%)   

Non Manual 8336 (45.3) 3289 (46.6) 
Manual 10057 (54.7) 3771 (53.4) 

Education N, (%)   
University 4615 (25.1) 1051 (14.9) 
Higher Secondary 9004 (48.9) 3229 (45.7) 
Lower than Secondary 4774 (26.0) 2780 (39.4) 

Height N, (%)   
Shorter than mean - 2cm 7704 (41.9) 2906 (41.2) 
Meanb ± 2cm 4499 (24.4) 1578 (22.4) 
Taller than mean + 2cm 6190 (33.7) 2576 (36.5) 

SD=Standard Deviation 
a Mortality rate per 1000 person-years. 
b Mean = 174.6 in men and 162.2 in women . 

III.1.1.2 Association of measures of socioeconomic circumstances in early life with all-

cause mortality 

Table 6 illustrates the mortality distribution across the measures of early-life socioeconomic 

circumstances for all-cause mortality. The first results column shows age- and sex-adjusted 

mortality rates per 1000 person-years in each category of socioeconomic position in early life. 

Participants whose father had a manual occupation had a mortality rate of 3.17 per 1000 

person-years, versus 2.90 for those whose father had a non-manual occupation. There seemed 

to be a dose-response effect of education on mortality, in the sense that the lower the 

education the greater the mortality rate (mortality rate per 1000 person-years= 2.40, 3.16 and 

3.43 respectively in the highest, intermediate, and lowest education category). As noted in the 

methods section, in this population the mortality rate was lower in the average-height 

category (mortality rate=2.72 per 1000 person-years) than in the shorter-than-average 

(mortality rate=3.18 per 1000 person-years) or in the taller-than-average (mortality rate=3.15, 

per 1000 person-years) categories. Based on the mortality rates, in Cox regressions, non-

manual father’s occupational position, university degree and the average-height category were 

taken to be the reference categories for father’s occupational position, education, and height 

variables, respectively. In the Cox regressions adjusted for age, sex and cohort, participants 

whose father had a manual occupation had a higher risk of death (HR= 1.11; 95% CI=1.00, 

1.23) compared to those whose fathers had a non-manual occupation. The risk was attenuated 

after adjusting for education and height (HR= 1.05; 95% CI=0.95, 1.17). The association 



 

 91

between education and mortality was robust and only slightly attenuated after adjustment for 

height and father’s occupational position (in the lowest educational category, the hazard ratio 

was reduced from HR=1.45 (95% CI=1.24, 1.69) in the age- and sex-adjusted model to 

HR=1.42 (95% CI=1.22, 1.66) in the fully adjusted model. The test for trend suggested a 

linear association between education and mortality (p<0.001). There was evidence of higher 

mortality in the shorter-than-average (HR= 1.17; 95% CI=1.02, 1.34) and taller-than-average 

individuals (HR= 1.16; 95% CI=1.01, 1.34) comparing to the average-height individuals. 

These associations remained unchanged after adjustment for the other measures of early-life 

socioeconomic circumstances.  

Table 6 Association of early-life socioeconomic measures with all-cause mortality. 

 
 

 
Adjusted for age, 
sex and cohort 

Fully Adjusted b  
Early-life socioeconomic measures Total, N Deaths N, (Ratea) HR (CI 95%) HR (CI 95%) 
Father's occupational position     

Non Manual 11625 643 (2.90) 1.00 1.00 
Manual 13828 844 (3.17) 1.11 (1.00, 1.23) 1.05 (0.95, 1.17) 

Education     
University 5666 251 (2.40) 1.00 1.00 
Higher Secondary 12233 700 (3.16) 1.38 (1.19, 1.59) 1.36 (1.17, 1.58) 
Lower than Secondary 7554 536 (3.43) 1.45 (1.24, 1.69) 1.42 (1.22, 1.66) 

Height (cm)     
Shorter than mean - 2cm 10610 656 (3.18) 1.17 (1.02, 1.34) 1.16 (1.01, 1.33) 
Mean ± 2cm 6077 319 (2.72) 1.00 1.00 
Taller than mean + 2cm 8766 512 (3.15) 1.16 (1.01, 1.34) 1.17 (1.02, 1.34) 

HR=Hazard Ratio; CI=Confidence Interval 
a Age- and sex-adjusted mortality rate per 1000 person-years. 
b Adjusted for age, sex, cohort, and mutually adjusted. 

III.1.1.3 Association of measures of socioeconomic circumstances in early life with cause-

specific mortality 

Information on the underlying cause of death was available for 571 out of the 574 deaths in 

Whitehall II and for 716 out of the 913 deaths in GAZEL. Out of the 1287 deaths for which 

the specific cause was known, 654 were due to cancer and 290 to cardiovascular disease. 

Table 7 presents cancer mortality distribution across measures of socioeconomic 

circumstances in early life. The associations of father’s occupational position, education and 

height with cancer mortality followed the same pattern as those with all-cause mortality. 

Participants whose father had a manual occupation had a greater mortality rate than those 

whose father had a non-manual occupation (1.54 per 1000 person-years versus 1.32). 

Mortality was also greater among participants with higher secondary or lower-than-secondary 

education compared with participants with university education. Regarding all-cause 

mortality, in the average-height category the mortality rate was lower than in the shorter-than-
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average or taller-than-average categories (a mortality rate of 1.21 per 1000 person-years in the 

average-height category versus 1.49 in the shorter-than-average and 1.56 in the taller-than-

average categories). Results from Cox regressions were largely similar to those for all-cause 

mortality. Participants whose father had a manual occupation had a 19% (95% CI=1.01, 1.39) 

higher risk of dying from cancer. This association became non-significant after adjustment for 

the other indicators of socioeconomic position in early life (HR=0.92, 95% CI= 0.76, 1.11). 

Compared to participants with a university qualification, those with higher secondary 

education and those with less than higher secondary education had about 60% (95% CI= 1.26, 

2.04, for lower than secondary education) higher risk of death from cancer. These associations 

remained unchanged after adjustment for father’s occupational position and height. A U-

shaped association between height and mortality was also evident (HR= 1.24; 95% CI=1.01, 

1.53 for the shorter-than-average and HR= 1.30; 95% CI=1.05, 1.61 for the taller-than-

average individuals). The association between height and cancer mortality was not reduced 

after adjusting for the father’s occupational position and education.  

Table 7 Association of early-life socioeconomic measures with cancer mortality. 

    
Adjusted for age, 
sex and cohort 

Fully Adjusted b 

Early -li fe socioeconomic measures Deaths N, (Ratea) HR (CI 95%) HR (CI 95%) 
Father's occupational position    

Non Manual 276 (1.32) 1.00 1.00 
Manual 378 (1.54) 1.19 (1.01, 1.39) 0.92 (0.76, 1.11) 

Education    
University 98 (1.07) 1.00 1.00 
Higher Secondary 310 (1.55) 1.59 (1.26, 2.01) 1.56 (1.24, 1.98) 
Lower than Secondary 246 (1.64) 1.60 (1.26, 2.04) 1.55 (1.22, 1.99) 

Height (cm)    
Shorter than mean - 2cm 284 (1.49) 1.24 (1.01, 1.53) 1.23 (1.00, 1.51) 
Mean ± 2cm 131 (1.21) 1.00 1.00 
Taller than mean + 2cm 239 (1.56) 1.30 (1.05, 1.61) 1.31 (1.06, 1.62) 

HR=Hazard Ratio; CI=Confidence Interval 
a Age- and sex-adjusted mortality rate per 1000 person-years. 
b Adjusted for age, sex, cohort and mutually adjusted. 
 

Table 8 presents the association between early-life socioeconomic measures and 

cardiovascular disease mortality, with coronary heart disease mortality as a separate sub-

category. The cardiovascular mortality rate for participants whose father had a non-manual 

occupation was 0.69 per 1000 person-years; the corresponding figure was 0.59 for those 

whose father had a manual occupation. The risk of death for cardiovascular disease was 0.81 

in the lowest educational category and 0.54 in the highest, per 1000 person-years; it was 0.50 

in the average-height category, 0.68 in the shorter-than-average and 0.69 in the taller-than-

average categories, per 1000 person-years. Results from Cox regressions showed similar 

patterns. There was some evidence for a protective effect of father’s manual occupational 
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position on cardiovascular mortality, although the associations of father’s occupational 

position with cardiovascular and coronary heart disease mortality were not significant at the 

conventional level (p<0.05). The lowest educational group had greater risk of cardiovascular 

mortality in the fully-adjusted model (HR= 1.41; 95% CI=1.01, 1.97) and there was some 

evidence of a dose-response effect of education on mortality (p=0.06). Shorter-than-average 

individuals had a greater risk of cardiovascular mortality (HR= 1.41; 95% CI=1.03, 1.93) and 

there was also an indication of excess risk of coronary heart disease mortality (HR= 1.40; 

95% CI= 0.94, 2.09). There was some evidence of excess cardiovascular (HR= 1.36; 95% CI= 

0.98, 1.88) but not coronary heart disease (HR= 0.97, 95% CI= 0.62; 1.51) mortality among 

the taller-than-average individuals, but the hazard ratios were not significant at p=0.05.  

Table 8 Association of early-life socioeconomic measures with cardiovascular and coronary heart disease 
(CHD) mortality. 

    
Adjusted for age, 
sex and cohort 

Fully Adjusted b 

Early -life socioeconomic measures Deaths N, (Ratea) HR (CI 95%) HR (CI 95%) 
CARDIOVASCULAR MORTALITY     
Father's occupational position    

Non Manual 146 (0.69) 1.00 1.00 
Manual 144 (0.59) 0.95 (0.75, 1.20) 0.90 (0.71, 1.14) 

Education    
University 56 (0.54) 1.00 1.00 
Higher Secondary 112 (0.58) 1.24 (0.89, 1.72) 1.26 (0.91, 1.46) 
Lower than Secondary 122 (0.81) 1.37 (0.99, 1.90) 1.41 (1.01, 1.97) 

Height (cm)    
Shorter than mean - 2cm 131 (0.68) 1.41 (1.02, 1.93) 1.41 (1.03, 1.93) 
Mean ± 2cm 55 (0.50) 1.00 1.00 
Taller than mean + 2cm 104 (0.69) 1.36 (0.98, 1.88) 1.36 (0.98, 1.88) 

CHD MORTALITY     
Father's occupational position    

Non Manual 82 (0.39) 1.00 1.00 
Manual 78 (0.32) 0.93 (0.67, 1.27) 0.87 (0.63, 1.20) 

Education    
University 33 (0.31) 1.00 1.00 
Higher Secondary 61 (0.31) 1.16 (0.75, 1.79) 1.19 (0.76, 1.84) 
Lower than Secondary 66 (0.45) 1.32 (0.86, 2.02) 1.35 (0.87, 2.09) 

Height (cm)    
Shorter than mean - 2cm 80 (0.42) 1.40 (0.94, 2.09) 1.40 (0.94, 2.09) 
Mean ± 2cm 34 (0.31) 1.00 1.00 
Taller than mean + 2cm 46 (0.31) 0.97 (0.62, 1.51) 0.97 (0.62, 1.51) 

HR=Hazard Ratio; CI=Confidence Interval 
a Age- and sex-adjusted mortality rate per 1000 person-years. 
b Adjusted for age, sex, cohort and mutually adjusted. 

Appendix A1 presents results for the association of early-life socioeconomic measures with 

all-cause and cause-specific mortality, separately in the two cohorts. Although the interaction 

terms between the measures of socioeconomic position and cohort were not significant at 

conventional levels, some differences between the two cohorts were observed. In particular, 

the associations of father’s occupational position and height with all-cause and cancer 
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mortality were stronger in the Whitehall II study than in the GAZEL study, while the 

association of education with all-cause and cancer mortality was stronger in GAZEL (see 

Tables A1.1-A1.4). The association of height with cardiovascular mortality was stronger in 

GAZEL than in Whitehall II (see Tables A1.5 & A1.6) 

III.1.2 Adulthood 

III.1.2.1 Population included in the analyses and sample characteristics  

As the objective of this part of the study is to examine whether health behaviours and 

measures of social support differentially explain the socioeconomic gradient in the two 

cohorts, the analyses on the association of socioeconomic position in adulthood with mortality 

were conducted separately for the two cohorts. Two indicators of socioeconomic position 

were used: occupational position and income. In both cohorts, occupational position was a 

three-level variable representing high, intermediate and low occupational groups. Income was, 

in the GAZEL cohort, household income at study baseline (1989). In Whitehall II, income 

was assessed only at the fifth data collection wave (Phase 5, 1997-1999). Thus, an alternative 

measure of material conditions composed of car ownership and accommodation type was 

used (for a more detailed description of this measure see section II.2.1). For simplicity, the 

term ‘income’ will be used for both cohorts.  

The interaction terms between the measures of socioeconomic position and sex were tested 

for each mortality outcome. As no statistically significant interactions were found (all 

p≥0.05), data for men and women were analysed together. Table 9 shows socio-demographic 

and mortality characteristics of the two populations. Mean age was greater in Whitehall II 

than in GAZEL (44.4 years versus 43.3 years, p<0.001). During the more than 23-year 

follow-up in Whitehall II, 935 participants died, 430 from cancer and 271 from cardiovascular 

disease. In GAZEL, 1405 participants died over the 20-year follow-up. As in Whitehall II, 

cancer was the main cause of death (688 deaths), followed by cardiovascular disease (225 

deaths). The age- and sex-adjusted mortality rates for all-cause, cancer and cardiovascular 

mortality were 4.3 in Whitehall II versus 3.1 in GAZEL per 1000 person-years for all-cause 

mortality, 2.0 in Whitehall II versus 1.7 in GAZEL per 1000 person-years for cancer mortality 

and 1.3 in Whitehall II versus 0.5 in GAZEL per 1000 person-years for cardiovascular 

mortality. Table 9 also shows the distribution of participants across categories of occupational 

position and income. Occupational position was available on the total sample in Whitehall II 
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and on 20 600 participants in GAZEL. Analyses including income were based on 10 196 

participants in Whitehall II and 19 793 participants in GAZEL. In both cohorts, the majority 

of participants belonged to the intermediate occupational category (48.0% in Whitehall II and 

58.3% in GAZEL). In Whitehall II, participants were more commonly in the highest income 

category (75.2%), while in GAZEL the majority of participants were in the intermediate 

income category (66.0%).  

Table 9 Baseline characteristics of the Whitehall II and the GAZEL cohort studies. 
  WHITEHALL II  GAZEL  
Age Mean, (SD) 44.4 (6.1) 43.3 (3.1) 
Mortality N, (Ratea) 935 (4.3) 1405 (3.4) 

Cancerb 430 (2.0) 688 (1.7) 
Cardiovascularb 271 (1.3) 225 (0.5) 

Mortality follow-up Total, (Mean) 23.7 y (21.3 y) 20.7 y (20.1 y) 
Occupational position N, (%)   

High 3028 (29.4) 4902 (23.8) 
Intermediate 4943 (48.0) 12018 (58.3) 
Low 2337 (22.6) 3680 (17.8) 
Missing 0 (0.0) 25 (0.1) 

Incomec N, (%)   
High 7746 (75.2) 1447 (7.0) 
Intermediate 1788 (17.3) 13606 (66.0) 
Low 662 (6.4) 4740 (23.0) 
Missing 113 (1.1) 832 (4.0) 

SD=Standard Deviation; y=years 
N=10 308 in Whitehall II and N=20 625 in GAZEL 
a Mortality rate per 1000 person-years. 
b In GAZEL, the mortality follow-up for cause-specific mortality is shorter than for all-cause mortality, a total of 19.1 years 
(mean 18.5 years).  
c Household income in GAZEL and proxy of material circumstances in Whitehall II. 

III.1.2.2 Association of measures of socioeconomic position in adulthood with all-cause, 

cancer and cardiovascular mortality 

Results for the association of occupational position and income with all-cause, cancer and 

cardiovascular mortality in the two cohorts are presented in Table 10. The table first shows 

age- and sex-adjusted mortality rates across socioeconomic categories. Next, results from two 

different Cox regression models are presented: the first model includes socioeconomic 

position (either occupational position or income) entered as a categorical variable and the 

second model includes socioeconomic position as a continuous variable, as described in the 

methods section.  

For all-cause mortality, in both cohorts the mortality rates showed a graded association 

between occupational position or income and risk of death. In Whitehall II, the mortality rate 

in the highest occupational category was 3.5 per 1000 person-years, in the intermediate 

occupational category it was 4.3 per 1000 person-years and in the lowest occupational 

category it was 6.3 per 1000 person-years. In GAZEL, the corresponding rates were 2.5 per 
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1000 person-years in the highest, 3.4 per 1000 person-years in the intermediate and 5.3 per 

1000 person-years in the lowest occupational categories. In the Cox regressions, the highest 

occupational or income categories were used as the reference categories. Results from these 

analyses also showed a graded association between occupational position or income and 

mortality. In Whitehall II, the hazard ratio in the intermediate occupational category was 1.27 

(95% CI=1.08, 1.49) and in the lowest occupational category it was 1.65 (95% CI=1.35, 

2.01). The test for trend suggested that the association of occupational position with mortality 

was linear (p<0.001). When occupational position was entered into the model as a continuous 

variable, the age- and sex-adjusted hazard ratio for lowest versus highest occupational 

position was 1.65 (95% CI=1.35, 2.01). In GAZEL, participants in the intermediate 

occupational category had a 43% (95% CI=1.26, 1.67) and participants in the lowest 

occupational category had a 126% (95% CI= 1.92, 2.66) increased risk of death compared 

with participants in the highest occupational category. As in Whitehall II, the test for linear 

trend was statistically significant at conventional levels (p<0.001) showing that linear 

modelling of socioeconomic position was acceptable. When occupational position was 

entered as a continuous variable in the Cox regression, the age- and sex- adjusted hazard ratio 

for lowest versus highest occupational position was 2.27 (95% CI=1.93, 2.68). The 

association of income with mortality also followed a linear pattern (p for test for linear trend 

<0.001 in the two cohorts), and the hazard ratio for lowest versus highest income category 

was 2.06 (95% CI=1.69, 2.50) in Whitehall II and 2.40 (95% CI: 1.97, 2.92) in GAZEL in 

analyses adjusted for age and sex.  

For cancer mortality, in Whitehall II the mortality rates were 1.8 in the highest, 2.1 in the 

intermediate, and 2.2 in the lowest occupational categories, per 1000 person-years. The 

hazard ratios did not show significant differences in mortality by occupational group 

(HR=1.23, 95% CI=0.84, 1.51 in the lowest comparing to highest occupational group). 

Conversely, in GAZEL there were significant occupational differences in cancer mortality. 

The mortality rate per 1000 person-years in the lowest occupational category was double than 

that in the highest (a rate of 2.6 in the lowest versus 1.3 in the highest occupational category, 

per 1000 person-years). Participants in the intermediate occupational category had a 36% 

(95% CI=1.12, 1.66) increased risk of death and participants in the lowest occupational 

category a 116% (95% CI=1.71, 2.72) increased risk of death than participants in the highest 

occupational category. The test for trend suggested that the association between occupational 

position and cancer mortality was linear (p>0.001). In the model with occupational position 

entered as a continuous variable, the age-and sex-adjusted hazard ratio for lowest versus 
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highest occupational position was 2.08 (95% CI=1.73, 2.76). When socioeconomic position 

was measured by income, in the two cohorts tests for trend suggested a linear association 

between income and cancer mortality (p <0.001 in the two cohorts). The age- and sex-

adjusted hazard ratio in the lowest versus the highest category of income was 1.82 (95% 

CI=1.36, 2.42) in Whitehall II and 2.39 ( 95% CI=1.80, 3.17) in GAZEL.  

The association of occupational position with cardiovascular mortality was very similar in the 

two cohorts. Although the mortality rates differed because of a lower mortality for 

cardiovascular disease in GAZEL compared with Whitehall II, participants in the intermediate 

occupational category had a 51% (95% CI=1.11, 2.04) increased risk of death in Whitehall II 

and a 50% (95% CI=10.7, 2.11) increased risk in GAZEL of dying for cardiovascular disease 

than participants in the highest occupational category. Participants in the lowest occupational 

category had a 197% (95% CI=2.07, 4.25) increased risk in Whitehall II and a 141% (95% 

CI=1.61, 3.62) increased risk in GAZEL of dying from cardiovascular disease than 

participants in the highest occupational category. Tests for linear trend showed that the 

association of occupational position with cardiovascular mortality followed a linear pattern 

(p<0.001). When occupational position was entered as a continuous variable in the Cox 

regressions, the age- and sex-adjusted hazard ratio for lowest versus highest occupational 

position was 2.96 (95% CI=2.05, 4.28) in Whitehall II and 2.53 (95% CI=1.61, 3.62) in 

GAZEL. The association of income with cardiovascular mortality was very similar to that of 

occupational position. In Whitehall II, the mortality rate per 1000 person-years in the lowest 

income category was triple than that in the highest income category (a rate of 3.3 in the lowest 

versus 1.1 in the highest income category, per 1000 person-years). In GAZEL, the mortality 

rate in the lowest income category was double than that in the highest income category (a rate 

of 0.7 per 1000 person-years in the lowest versus 0.3 in the highest income category). The 

age-and sex- adjusted hazard ratio for the lowest versus the highest income category was 2.70 

(95% CI=1.89, 3.84) in Whitehall II and 2.53 (95% CI=1.54, 4.14) in GAZEL.  
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Table 10 All-cause, cancer and cardiovascular mortality as a function of occupational position and income 
in the Whitehall II and GAZEL cohort studies. 
 WHITEHALL II  GAZEL COHORT   pb 
Adulthood socioeconomic 
measures 

Deaths 
N(Ratea) 

a

HR (CI 95%) 
 Deaths  

N (Ratea) 
HR (CI 95%) 

  

All -cause mortality        
Occupational position        

High 243 (3.5) 1.00  271 (2.5) 1.00   
Intermediate 412 (4.3) 1.27 (1.08, 1.49)  801 (3.4) 1.43 (1.26, 1.67)   
Low 279 (6.3) 1.65 (1.35, 2.01)  330 (5.3) 2.26 (1.92, 2.66)   

p for linear trend  <0.001   <0.001   
Lowest versus highest gradec  1.65 (1.35, 2.01)   2.27 (1.93, 2.68)  0.22 
Incomee        

High 631 (3.8) 1.00  63 (2.2) 1.00   
Intermediate 184 (4.9) 1.37 (1.16, 1.63)  821 (3.0) 1.46 (1.13, 1.89)   
Low 111 (8.6) 2.11 (1.71, 2.60)  446 (4.7) 2.30 (1.77, 3.00)   

p for linear trend  <0.001   <0.001   
Lowest versus highest incomec  2.06 (1.69, 2.50)   2.40 (1.97, 2.92)  0.66 
Cancer mortality        
Occupational position        

High 115 (1.8) 1.00  136 (1.3) 1.00   
Intermediate 192 (2.1) 1.13 (0.89, 1.43)  391 (1.6) 1.36 (1.12, 1.66)   
Low 123 (2.2) 1.23 (0.84, 1.51)  168 (2.6) 2.16 (1.71, 2.72)   

p for linear trend  =0.4   0.001   
Lowest versus highest gradec  1.13 (0.84, 1.52)   2.18 (1.73, 2.76)  0.05 
Incomee        

High 291 (1.8) 1.00  29 (0.9) 1.00   
Intermediate 84 (2.0) 1.24 (0.96, 1.59)  410 (1.5) 1.60 (1.10, 2.33)   
Low 52 (3.8) 1.91 (1.41, 2.59)  217 (2.3) 2.45 (1.66, 3.61)   

p for linear trend  <0.001   <0.001   
Lowest versus highest incomec 
b

 1.82 (1.36, 2.42)   2.39 (1.80, 3.17)  0.52 
Cardiovascular mortality         
Occupational position        

High 66 (0.7) 1.00  46 (0.4) 1.00   
Intermediate 116 (1.2) 1.51 (1.11, 2.04)  128 (0.6) 1.50 (1.07, 2.11)   
Low 89 (2.5) 2.97 (2.07, 4.25)  51 (0.9) 2.41 (1.61, 3.60)   

p for linear trend  <0.001   <0.001   
Lowest versus highest gradc  2.96 (2.05, 4.28)   2.41 (1.61, 3.62)  0.28 
Incomee        

High 181 (1.1) 1.00  8 (0.3) 1.00   
Intermediate 50 (1.6) 1.50 (1.09, 2.07)  133 (0.5) 1.87 (0.92, 3.83)   
Low 36 (3.2) 2.82 (1.95, 4.08)  71 (0.7) 2.87 (1.38, 5.97)   

p for linear trend  <0.001   <0.001   
Lowest versus highest incomec  2.70 (1.89, 3.84)    2.53 (1.54, 4.14)  0.72 

HR=Hazard Ratio; CI=Confidence Interval 
a Age- and sex-adjusted mortality rate per 1000 person-years. 
b P for interaction between measure of socioeconomic position and cohort. 
c This estimate was obtained by entering occupational position or income as continuous variables in the Cox regressions.  
d For analysis using this indicator, 10 308 participants were included in Whitehall II and 20 600 in GAZEL. 
e Income was household income in GAZEL and a proxy of material circumstances in Whitehall II. For analysis using this 
indicator, 10 196 participants were included in Whitehall II and 19 793 in GAZEL. 

  



 

 99

III.2 Health behaviours, socioeconomic position and mortality 

III.2.1 Importance of longitudinal assessment of health behaviours 10 

III.2.1.1 Population included in the analyses and social patterning of health behaviours 

As discussed in the methods section, analyses aimed to determine the importance of 

longitudinal assessment of the health behaviours comparing to a baseline-only assessment 

were restricted to the Whitehall II cohort. A total of 537 participants, corresponding to 5% of 

the total population, were excluded from the analysis because they had missing data on health 

behaviours at baseline (10 for smoking, 94 for alcohol consumption, 33 for fruit and vegetable 

consumption and 416 for physical activity, categories not mutually exclusive) or had not been 

followed-up for mortality (11 participants). The analysis was based on the remaining 9771 

participants (68% male and 32% female). Those excluded tended to have a lower 

occupational position at baseline (42% versus 22% in the lowest occupational group, 

p<0.001); the mortality rate was 4.7 per 1000 person-years in the non-included sample versus 

3.6 in the included sample. There was no age difference between the included and excluded 

men (44.0 versus 44.2 years, p=0.6); excluded women were older (47.0 versus 45.1 years, 

p<0.001). Non-included participants had in general worse health behaviours than those 

included in the analysis. For five individuals, the cause of death was not known and they were 

excluded from the cause-specific analysis. 

Table 11 shows the social patterning of health behaviours at study baseline (Phase 1) for the 

population included in the analyses. Participants in the lower socioeconomic groups were 

more likely to be smokers (29.8% in the lowest versus 10.0% in the highest occupational 

category), abstainers (36.3% in the lowest versus 7.9% in the highest occupational category), 

follow an unhealthy diet (6.2% in the lowest versus 1.5% in the highest occupational 

category), and be physically inactive (35.7% in the lowest versus 6.6% in the highest 

occupational category). They were also less likely to be heavy drinkers (6.9% in the lowest 

versus 19.6% in the highest occupational category, all p<0.001). 

 

                                                 
10 Results presented in this section are the subject of one published paper: Stringhini S, Sabia S, Shypley M, 
Brunner E, Nabi H, Kivimaki M, Singh-Manoux A, Association of socioeconomic position with health behaviors 
and mortality. JAMA, 2010; 303(12):1159-1166.  
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Table 11 Baseline prevalence of health behaviours by occupational position in the Whitehall II study. 
 Occupational position  
 High  Intermediate  Low  pa 
Smokers  292 (10.0) 855 (18.0) 629 (29.8) <0.001 
Abstainers  229 (7.9) 765 (16.1) 766 (36.3) <0.001 
Heavy drinkers 570 (19.6) 829 (17.5) 145 (6.9) <0.001 
Unhealthy diet  45 (1.5) 176 (3.7) 131 (6.2) <0.001 
Physically inactive  193 (6.6) 525 (11.1) 754 (35.7) <0.001 
Total 2914 (29.8) 4744 (48.6) 2113 (21.6)  

N=9771 
a Test for heterogeneity across socioeconomic groups. 

III.2.1.2 Association of health behaviours with all-cause and cardiovascular mortality 

A total of 693 participants in the included sample died during the 24-year follow-up, 201 of 

whom died of cardiovascular diseases. Table 12 shows age-and sex-adjusted mortality rates 

per 1000 person-years for all-cause and cardiovascular mortality. For both mortality 

outcomes, the mortality rate among current smokers was double than that of non-current 

smokers (a rate of 6.67 per 1000 person-years for current smokers versus 3.08 for non-

currents smokers for all-cause mortality and 1.82 versus 0.91 per 1000 person-years for 

cardiovascular mortality). There was a U-shaped relationship between alcohol consumption 

and all-cause mortality, with both abstainers and heavy drinkers being at higher risk for 

mortality. Concerning cardiovascular mortality, higher risk was found only in abstainers 

(cardiovascular mortality rate=1.93, 0.90, and 0.84 per 1000 person-years respectively among 

abstainers, moderate, and heavy drinkers). Participants who followed an unhealthy diet had a 

higher death rate for all causes and cardiovascular disease than those who followed a healthy 

diet (mortality rate= 4.83 versus 3.52 for all-cause and 1.28 versus 1.05 for cardiovascular 

mortality, per 1000 person-years). Sedentary participants also had a greater mortality risk than 

active participants for both mortality outcomes (mortality rate=4.25 versus 3.39 for all-cause 

and 1.47 versus 0.89 for cardiovascular mortality, per 1000 person-years).  
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Table 12 All-cause and cardiovascular mortality as a function of health behaviours assessed at the 
baseline of the study, the Whitehall II Study.  
 All -cause mortality Cardiovascular mortality a 
Health Behaviours Deaths (N) Rateb (95% CI) Deaths (N) Rateb (95% CI) 

Smoking     
Non-current smokers (N=7995) 481 3.08 (2.50, 3.65) 144 0.91 (0.63, 1.20) 
Current smokers (N=1776) 212 6.67 (5.39, 7.94) 57 1.82 (1.19, 2.46) 

Drinking      
Abstainers (N=1760) 150 4.43 (3.15, 5.70) 62 1.93 (1.29, 2.57) 
Moderate drinkers (N=6467) 410 3.23 (2.59, 3.87) 116 0.90 (0.58, 1.22) 
Heavy drinkers (N=1544) 133 4.84 (3.50, 6.17) 23 0.84 (0.18, 1.51) 

Diet     
Healthy (N=5697) 394 3.52 (2.83, 4.20) 117 1.05 (0.71, 1.39) 
Moderately healthy (N=3722) 269 3.86 (3.00, 4.72) 76 1.08 (0.05, 1.51) 
Unhealthy (N=352) 30 4.83 (1.99, 7.67) 8 1.28 (-0.15, 2.70) 

Physical activity     
Active (N=6023) 388 3.39 (2.71, 4.06) 105 0.89 (0.56, 1.23) 
Moderately active (N=2276) 179 4.07 (2.98 , 5.16) 55 1.27 (0.72, 1.81) 
Sedentary (N=1472) 126 4.25 (2.83, 5.67) 41 1.47 (0.56, 1.23) 

Overall (N=9771) 693 3.71 (3.19, 4.24) 201 1.07 (0.76, 2.18) 
a N=9771 for all-cause and 9766 for cardiovascular mortality. 
bAge and sex standardized mortality rates per 1000 person-years. 

III.2.1.3 Comparison of a longitudinal to a baseline assessment of health behaviours in 

explaining social inequalities in mortality 

Results on the mediating role of health behaviours in the association between occupational 

position and all-cause and cardiovascular mortality are presented in Table 13. For all-cause 

mortality, the hazard ratio for lowest versus highest occupational position was 1.62 (95% CI= 

1.28, 2.05) in the age- and sex-adjusted model. When health behaviours at baseline were 

added to this model, only smoking substantially attenuated the hazard ratio (percent 

attenuation: 35%, 95% CI= 21, 70%). The hazard ratio associated with occupational position 

was lowered by 4% (95% CI= 6, 18%) when alcohol consumption was added to the model; by 

7% (95% CI= -1, 20%) with diet and by 6% (95% CI= -5, 20%) with physical activity. When 

health behaviours were entered as time-dependent covariates, the attenuation for smoking was 

similar to that using only the baseline measure, but the explanatory power of the other 

behaviours improved substantially by using a longitudinal measure. For alcohol it improved 

by 10% (95% CI= 1, 27%), for diet by 18% (95% CI= 8, 41%) and for physical activity by 

15% (95% CI=5, 36%). Overall, health behaviours assessed at baseline explained 43% (95% 

CI=22, 92%) of the association between socioeconomic position and all-cause mortality; this 

increased to 75% (95% CI=44, 149%) when using repeated measures over the follow-up, a 

difference of 32% (95% CI=13, 73%). The hazard ratio for lowest versus highest occupational 

position was reduced from 1.62 (95% CI=1.28, 2.05) to 1.32 (95% CI= 1.03, 1.69) when the 

four health behaviours were assessed at study baseline and to 1.13 (95% CI= 0.88, 1.44) when 

they were entered as time-dependent covariates.  
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The hazard ratio for cardiovascular mortality for the lowest compared to the highest 

occupational group was 3.17 (95% CI=2.05, 4.88) in the age-and sex-adjusted model. Adding 

smoking to the model, using the baseline smoking data only or repeated measures of smoking, 

reduced the hazard ratio by 13% (95% CI= 6%, 26%). Alcohol consumption reduced the 

hazard ratio associated with occupational position by 15% (95% CI=6%, 29%) when it was 

assessed at the baseline of the study and by 18% (95% CI=8%, 34%) when assessed 

repeatedly over the follow-up. The corresponding figures were, for diet, 0% (95% CI=-7%, 

7%) when assessed at baseline comparing to 6% (95% CI=-3%, 18%) when assessed 

longitudinally and for physical activity, 6% (95% CI=-3%, 17%) when assessed at baseline 

comparing to 13% (95% CI=-6%, 26%) when assessed repeatedly. All health behaviours 

taken together at baseline explained 29% (95% CI=12%, 55%) of the occupational gradient 

comparing to 41% (95% CI= 22%, 77%) with repeated assessments, a difference of 12% 

(95% CI=-3%, 31%). The hazard ratio for lowest versus highest occupational position was 

reduced from 3.17 (95% CI=2.05, 4.88) to 2.27 (95% CI= 1.43, 3.60) when the four health 

behaviours were assessed at study baseline and to 1.98 (95% CI= 1.25, 3.14) when they were 

entered as time-dependent covariates.  

Table 13 Differences between baseline and longitudinal assessment of health behaviours in explaining the 
association between socioeconomic position and all-cause and cardiovascular mortality, the Whitehall II 
study.  
 Baseline assessment  Longitudinal assessment  Difference  

 HR (95% CI) 
% attenuation 
(95% CI)c 

HR (95% CI) 
% attenuation 
(95% CI) c 

∆% 
attenuationd 

All -cause mortality       
Model 1a 1.62 (1.28, 2.05)  1.62 (1.28, 2.05)   
Model 1 + Smoking 1.37 (1.08, 1.63) -35 (-70;-21) 1.39 (1.09,1.75) -32 (-62; -20) -3 (-12;4) 
Model 1 + Alcohol 1.59 (1.25, 2.02) -4 (-18;6) 1.52 (1.19, 1.93) -14 (-37; -3) 10 (1;27) 
Model 1 + Diet 1.57(1.24, 1.99) -7 (-20;1) 1.44 (1.13, 1.83) -25 (-55; -12) 18 (8;41) 
Model 1 + Physical 
activity 

     
1.58 (1.24, 2.00) -6 (-20;5) 1.47 (1.16, 1.86) -21 (-43; -11) 15 (5;36) 

Fully adjustedb 

b
1.32 (1.03, 1.69) -43 (-92;-22) 1.13 (0.88, 1.44) -75 (-149; -44) 32 (13;73) 

CVD mortality       
Model 1 a 3.17 (2.05, 4.88)  3.17 (2.05, 4.88)   
Model 1 + Smoking 2.73 (1.76, 4.24) -13 (-26;6) 2.71 (1.75, 4.20) -13 (-24;5) 0 (-5;4) 
Model 1 + Alcohol 2.68 (1.72, 4.17) -15 (-29;6) 2.60 (1.67, 4.06) -18 (-34;8) 3 (-6;11) 
Model 1 + Diet 3.19 (2.06, 4.97)   0 (-7;7) 2.97 (1.90, 4.63) -6 (-18;3) 6 (-1;18) 
Model 1 + Physical 
activity 

     
2.96 (1.90, 4.62) -6 (-17;3) 2.73 (1.77, 4.23) -13 (-26;6) 7 (-3;20) 

Fully adjusted b 
b

2.27 (1.43, 3.60) -29 (-55;12) 1.98 (1.25, 3.14) -41 (-77;22) 12 (-3;31) 
HR=Hazard Ratio; CI=Confidence Interval; ∆=Difference. 
N=9771, Deaths=693 for all-cause mortality and N=9766, Deaths=201 for cardiovascular mortality. 
a HR for lowest versus highest occupational position adjusted for age and sex. 
b HR for lowest versus highest occupational position adjusted for age, sex and all health behaviours. 
c Percent attenuation in log HR= 100 x (β Model 1+ health behaviour(s)- β Model 1)/( β Model 1 ), where β =log(HR). 
d Difference between the model with repeated assessment compared with the baseline assessment of health behaviours. 
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III.2.1.4 Sensitivity analyses  

All analyses on all-cause mortality were repeated including only participants with complete 

data on health behaviours at all phases. The results were not different from those presented in 

the primary analysis. The measure of socioeconomic position used in the analysis was that 

assessed at baseline. This choice was made because different estimates of the socioeconomic 

gradient for the baseline and the longitudinal models would not allow comparisons to be made 

regarding the impact of health behaviours. However, in supplementary analyses it was 

verified that the socioeconomic gradient remained similar over the follow-up by entering the 

measure of socioeconomic position as a time-dependent covariate. In analysis adjusted for age 

and sex, the hazard ratios for all cause (HR=1.54; 95% CI=1.17, 2.02) and cardiovascular 

(HR=2.95; 95% CI=1.81, 4.83) mortality were similar to those reported in the main analysis. 

Furthermore, the role of health behaviours changed little when both health behaviours and the 

socioeconomic measure were entered as time dependent covariates; for all-cause mortality, 

the attenuation in the association was 67%, comparable to the 75% reported in main analysis. 
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III.2.2 Comparison between the British Whitehall II and the French GAZEL 

cohorts11 

In the previous section, longitudinal assessment was found to be different from a baseline-

only assessment of health behaviours in examining their contribution to the socioeconomic 

gradient in all-cause mortality. Thus, in further analyses the mediating factors (health 

behaviours or measures of social support) have been assessed longitudinally over the follow-

up.  

III.2.2.1 Population included in the analyses 

For the Whitehall II study, the population included in analyses of the role of health behaviours 

in explaining the association between socioeconomic position and mortality has been 

described in section III.2.1.1. In the GAZEL study, a total of 2865 participants, corresponding 

to 14% of the total population, were excluded from the analysis because they had missing data 

on occupational position (25 participants) or on health behaviours at baseline (132 for 

smoking, 23 for alcohol consumption, 1861 for fruit and vegetable consumption and 2091 for 

physical activity) or died before the start of the follow-up in 1992 (91 participants), all 

categories not mutually exclusive. The analysis was based on the remaining 17 760 

participants (76% male and 26% female). Those excluded tended to have a lower 

occupational position (28% versus 16% in the lowest group, p<0.001) at baseline. The 

mortality rate was 6.6 per 1000 person-years in the non-included versus 3.1 in the included 

sample. There were no age differences between the included and non-included sample 

(p>0.05) and the latter had in general worse health behaviours. 

Table 14 shows the sample characteristics in the two studies. The distribution of participants 

across the occupational groups was similar in the two cohorts (21.6% of participants were in 

the lowest occupational group in Whitehall II and 16.3% in GAZEL). A clear social gradient 

in mortality was evident in both studies. The mortality rate in the highest occupational 

category was 3.1 comparing to 5.2 in the lowest in Whitehall II and 2.6 comparing to 4.6 in 

GAZEL, rates per 1000 person-years. The overall mortality rate per 1000 person-years was 

3.6 per 1000 person-years in Whitehall II and 3.1 in GAZEL.  

                                                 
11 Results presented in this section are the subject of one published paper: Stringhini S, Dugravot A, Shipley M, 
Goldberg M, Zins M, Kivimaki M, Marmot M, Sabia S, Singh-Manoux A. Health Behaviours, Socioeconomic 
Status, and Mortality: Further Analyses of the British Whitehall II and the French GAZEL Prospective Cohorts. 
PLoS Medicine, 2011,8 (2) e1000419. 
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Table 14 Characteristics of the Whitehall II and GAZEL participants included in analyses of the role of 
health behaviours in explaining the socioeconomic gradient in mortality. 
 Occupational position  Overall 
 High Intermediate Low  
WHITEHALL II      
N (%) 2914 (29.8) 4744 (48.6) 2113 (21.6) 9771 
Deaths (Ratea) 197 (3.1) 322 (3.8) 174 (5.2) 693 (3.6) 
Mean age (SD) 45.0 (5.8) 43.3 (6.0) 46.0 (6.0) 44.4 (6.1) 
GAZEL      
N (%) 4497 (25.3) 10365 (58.4) 2898 (16.3) 17 760 
Deaths (Ratea) 210 (2.6) 518 (3.1) 180 (4.6) 908 (3.1) 
Mean age (SD) 44.2 (3.2) 43.3 (3.5) 42.3 (3.7) 43.4 (3.5) 

SD=Standard Deviation 
aAge- and sex-adjusted mortality rate per 1000 person-years. 

III.2.2.2 Social patterning of health behaviours in the two cohorts 

Age- and sex-adjusted prevalence rates of unhealthy behaviours at baseline (Phase 1 for 

Whitehall II and first time-window for GAZEL) and at last follow-up (Phase 7 for Whitehall 

II and last time-window for GAZEL) as a function of occupational position are shown in 

Figure 14, and absolute differences in prevalence rates of unhealthy behaviours are reported 

in Table 15. In Whitehall II, unhealthy behaviours at the start of follow-up were generally 

more prevalent in the lowest comparing to the highest occupational group; there was a 19% 

(95% CI= 16%, 21%) absolute difference between these groups for smoking, 7% (95% 

CI=5%, 8%) for following an unhealthy diet, and 22% (95% CI=20%, 24%) for being 

physically inactive. An exception was heavy drinking, which was more common in the 

highest occupational category (a prevalence difference of -8%, 95% CI=-11%, 6%). In 

GAZEL, the prevalence of unhealthy behaviours was also greater in the lowest occupational 

group but absolute differences were smaller than in the Whitehall II study. The difference in 

prevalence between the highest and the lowest occupational groups was 5% (95% CI= 3%, 

7%) for smoking, 4% (95% CI= 2%, 5%) for following an unhealthy diet, and 15% (95% CI= 

12%, 17%) for being physically inactive. Figure 14 shows that participants generally 

improved their smoking behaviours over the follow-up. The prevalence of smoking declined 

in both cohorts, particularly in the lowest occupational categories: from 28% (95% CI=27%, 

30%) to 16% (95% CI=14%, 17%) in Whitehall II and from 25% (95% CI=21%, 27%) to 

13% (95% CI=12%, 15) in GAZEL. Over the same time period, the prevalence of heavy 

drinkers increased in the highest occupational categories in both cohorts but remained stable 

in the lowest occupational category. In GAZEL, in both the highest and lowest occupational 

categories, participants improved substantially their dietary behaviours between the start and 

the end of follow-up, with the prevalence of unhealthy diet decreasing from 13% (95% 

CI=12%,14%) to 3% (95% CI=2%, 4%) in the highest occupational category and from 17% 
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(95% CI=16%,18%) to 5% (95% CI=4%, 6%) in the lowest occupational category. In 

Whitehall II, the decrease in the prevalence of unhealthy diet was more marked in the lowest 

occupational category, probably because of the already very low prevalence in the highest 

occupational category. The prevalence of physical inactivity increased in both cohorts and in 

both socioeconomic groups over the follow-up. At the end of follow-up, great inequalities 

persisted in Whitehall II in smoking, following an unhealthy diet and being physically 

inactive. In contrast, there were only small differences between socioeconomic groups in all 

health behaviours apart from physical inactivity in GAZEL.  

 
Figure 14 Age- and sex-adjusted prevalence of unhealthy behaviours by occupational position at first and 
last measurement over the follow-up (SES=Socioeconomic Status). 

Table 15 also presents results from logistic regressions for the association between 

occupational position and health behaviours assessed at first and last follow-up. In both 

cohorts, participants in the lowest occupational group compared to those in the highest were 

more likely to be smokers (OR=3.68; 95% CI=3.11, 4.36 in Whitehall II and OR=1.33; 95% 

CI=1.18, 1.39 in GAZEL), follow an unhealthy diet (OR=7.42; 95% CI=5.19, 10.60 in 

Whitehall II and OR=1.31; 95% CI=1.15, 1.49 in GAZEL), and be physically inactive 

(OR=6.07; 95% CI=5.00, 7.36 in Whitehall II and OR=1.95; 95% CI=1.76, 2.16 in GAZEL) 

at the first assessment of behaviours. In the GAZEL cohort, they were also more likely to be 
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heavy drinkers (OR=1.14; 95% CI=1.01, 1.28) whereas in the Whitehall II cohort they were 

less likely to be heavy drinkers (OR=0.50; 95% CI=0.42, 0.60). The lower half of Table 15 

shows the association between occupational position and health behaviours at the last follow-

up for participants with complete data on all health behaviours at all follow-ups (N=7166 in 

Whitehall II and N=15 377 in GAZEL). In Whitehall II, the social patterning remained similar 

to that observed at the start of the follow-up, apart from physical inactivity where the 

association with occupational position was somewhat attenuated (OR=2.27; 95% CI=1.92, 

2.70). In GAZEL, there remained a social gradient only for unhealthy diet (OR=1.91; 95% 

CI=1.47, 2.49) and physical inactivity (OR=1.63; 95% CI=1.47, 1.81). The association 

between occupational position and health behaviours was different in the two cohorts at first 

and at last follow-up (all p <0.001 for interaction between occupational position and cohort 

for all health behaviours).  

Table 15 Association of occupational position with health behaviours in the British Whitehall II and the 
French GAZEL cohort studies. 
 WHITEHALL II  GAZEL  Pc 

 Prevalencea ∆ 
(95% CI) 

ORb (95% CI) Prevalencea ∆ 
(95% CI) 

ORb (95% CI)  

FIRST FOLLOW -UP     
Smoking 19% (16;21%) 3.68 (3.11, 4.36) 5% (3;7%) 1.33 (1.18, 1.49) <0.001 
Heavy drinking -8% (-11;6%) 0.50 (0.42, 0.60) 2% (0;4%) 1.14 (1.01, 1.28) <0.001 
Unhealthy diet 7% (5;8%) 7.42 (5.19, 10.60) 4% (2;5%) 1.31 (1.15, 1.49) <0.001 
Physically inactive 22% (20;24%) 6.07 (5.00, 7.36) 15% (12;17%) 1.95 (1.76, 2.16) <0.001 
LAST FOLLOW -UP     
Smoking 11% (9;13%) 4.17 (3.17, 5.47) 1% (0;3%) 1.14 (0.97, 1.34) <0.001 
Heavy drinking -15% (-18;-12%) 0.36 (0.30, 0.44) -2% (-4;0%) 0.91 (0.80, 1.03) <0.001 
Unhealthy diet 4% (3;5%) 9.99 (5.66, 17.63) 2% (1;3%) 1.91 (1.47, 2.49) <0.001 
Physically inactive 16% (12;19%) 2.27 (1.92, 2.70) 12% (9;14%) 1.63 (1.47, 1.81) <0.001 
∆= Difference; CI=Confidence Interval; OR=Odds Ratio  
N=9771 at first and N=7166 at last follow-up in Whitehall II and N=17760 at first and N=15377 at last follow-up in GAZEL. 
a Difference in health behaviour prevalence between lowest and highest occupational position adjusted for age and sex. 
b Odds Ratio for lowest versus highest occupational position adjusted for age and sex. 
c P for interaction between occupational position and cohort in logistic regression. 

III.2.2.3 Association of health behaviours with all-cause and cardiovascular mortality 

Results for the association between health behaviours, used as time-dependent variables, and 

all-cause and cardiovascular mortality are presented in Table 16. For all-cause mortality, the 

relative hazards for smoking (HR=2.38; 95% CI=1.99, 2.85 in Whitehall II and HR=2.10; 

95% CI=1.81, 2.43 in GAZEL), heavy drinking (HR=1.25; 95% CI= 1.02, 1.52 in Whitehall 

II and HR=1.16; 95% CI=0.99, 1.36 in GAZEL), an unhealthy diet (HR=2.14; 95% CI=1.49, 

3.07 in Whitehall II and HR 2.04; 95% CI=1.61, 2.60 in GAZEL) and being physically 

inactive (HR=1.60; 95% CI=1.34, 1.90 in Whitehall II and HR=1.68; 95% CI: 1.44, 1.96 in 
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GAZEL) were similar in both cohorts (all p >0.35 for interaction between health behaviours 

and cohort).  

The association of smoking with cardiovascular mortality was very similar to that with all-

cause mortality. Heavy drinking was not associated with greater cardiovascular mortality in 

neither cohort whereas abstainers had a 128% (95% CI=1.66, 3.11) increased risk of death for 

cardiovascular diseases in Whitehall II and a 67% (95% CI=1.06, 2.63) increased risk in 

GAZEL. The association of diet with cardiovascular mortality was weaker than that with all-

cause mortality in both cohorts, while physical inactivity more strongly predicted 

cardiovascular than all-cause mortality (HR=2.08; 95% CI=1.50, 2.88 in Whitehall II and 

HR=2.39; 95% CI=1.59, 3.61 in GAZEL). 

Table 16 Association between health behaviours and all-cause and cardiovascular mortality in the British 
Whitehall II and the French GAZEL cohort studies. 
 All -cause mortality  Cardiovascular mortality  
 WHITEHALL GAZEL  pb  WHITEHALL GAZEL  pb 
 HR a (95% CI) HR a (95% CI)  HR a (95% CI) HR a (95% CI) 
Smoking        
Non smokers 1.00 1.00   1.00 1.00  
Current smokers 2.38 (1.99, 2.85) 2.10 (1.81, 2.43) 0.36  2.42 (1.74, 3.39) 2.38 (1.67, 3.38) 0.92 
Drinking         
Abstainers 1.56 (1.30, 1.87) 1.88 (1.58, 2.24)   2.28 (1.66, 3.11) 1.67 (1.06, 2.63)  
Moderate drinkers 1.00 1.00   1.00 1.00  
Heavy drinkers 1.25 (1.02, 1.52) 1.16 (0.99, 1.36) 0.70  0.88 (0.57, 1.35) 0.85 (0.56, 1.29) 0.24 
Diet        
Healthy  1.00 1.00   1.00 1.00  
Moderately healthy 1.41 (1.20, 1.65) 1.17 (0.99, 1.38)   1.42 (1.06, 1.91) 1.00 (0.66, 1.51)  
Unhealthy 2.14 (1.49, 3.07) 2.04 (1.61, 2.60) 0.49  1.60 (0.74, 3.43) 1.38 (0.74, 3.58) 0.63 
Physical activity        
Active  1.00 1.00   1.00 1.00  
Moderately active 1.05 (0.86, 1.30) 1.23 (1.02, 1.48)   1.54 (1.08, 2.21) 1.45 (0.89, 2.38)  
Inactive 1.60 (1.34, 1.90) 1.68 (1.44, 1.96) 0.45  2.08 (1.50, 2.88) 2.39 (1.59, 3.61) 0.95 

HR=Hazard Ratio, CI=Confidence Interval  
N=9771, Deaths=693 for all-cause and N=9766, Deaths=201 for cardiovascular mortality in Whitehall II and N=17 760, 
Deaths=908 for all-cause and Deaths=143 for cardiovascular mortality in GAZEL. 
a Model adjusted for age at baseline and sex. 
b P for interaction between health behaviour and cohort. 

III.2.2.4 Role of health behaviours in explaining the socioeconomic gradient in all-cause 

and cardiovascular mortality 

Results for the role of health behaviours assessed longitudinally over the follow-up in 

explaining the associations between occupational position and all-cause and cardiovascular 

mortality are presented in Table 17. For all-cause mortality, the hazard ratio for lowest versus 

highest occupational position was 1.62 (95% CI=1.28, 2.05) in Whitehall II and 1.94 (95% 

CI=1.58, 2.39) in GAZEL in the model adjusted for age and sex (p for interaction for cohort 

differences=0.92). Adding smoking to the model reduced the hazard ratio by 32% (95% 
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CI=20%, 62%) in the Whitehall II study and by 4% (95% CI=2%, 8%) in the GAZEL study. 

When alcohol consumption was entered into the model, the hazard ratio associated with 

occupational position was attenuated by 14% (95% CI=3%, 37%) in the Whitehall II study 

and by 7% (95% CI=4%, 11%) in the GAZEL study. Diet and physical activity lowered the 

hazard ratio respectively by 25% (95% CI=12%, 55%) and 21% (95% CI=11%, 43%) in the 

Whitehall II study and by 4% (95% CI=2%, 8%) and 8% (95% CI=4%, 12%) in the GAZEL 

study. Overall, health behaviours explained 75% (95% CI=44%, 149%) of the association 

between occupational position and all-cause mortality in the Whitehall II study and 19% 

(95% CI=13%; 29%) of this association in the GAZEL study. After accounting for the four 

health behaviours, the hazard ratio for lowest versus highest occupational position was 

reduced, in Whitehall II, from 1.62 (95% CI=1.28, 2.05) to 1.13 (95% CI=0.88, 1.44) and in 

GAZEL from 1.94 (95% CI=1.58, 2.39) to 1.71 (95% CI=1.39, 2.10).  

For cardiovascular mortality, the hazard ratio for lowest versus highest occupational position 

was 3.17 (95% CI=2.05, 4.88) in Whitehall II and 1.84 (95% CI 1.10, 3.07) in GAZEL in the 

model adjusted for age and sex (p for interaction for cohort differences=0.03). When smoking 

was entered into the model, the hazard ratio was reduced by 13% (95% CI=5%, 24%) in 

Whitehall II and by 6% (95% CI=2%, 40%) in GAZEL. Alcohol consumption lowered the 

hazard ratio associated with occupational position by 18% (95% CI=8%, 34%) in the 

Whitehall II study and by 6% (95% CI=-1%, 29%) in the GAZEL study. Diet and physical 

activity attenuated the hazard ratio respectively by 6% (95% CI=3%, 18%) and 13% (95% 

CI=6%, 26%) in Whitehall II and by 2% (95% CI=-2%, 19%) and 15% (95% CI=5%, 72%) 

in GAZEL. In total, the four health behaviours explained 41% (95% CI=22%, 77%) of the 

association between occupational position and cardiovascular mortality in the Whitehall II 

study and 26% (95% CI= 10%, 119%) of this association in the GAZEL study. After taking 

account of these behaviours, the hazard ratio for lowest versus highest occupational position 

was reduced, in Whitehall II, from 3.17 (95% CI=2.05, 4.88) to 1.98 (95% CI=1.25, 3.14) and 

in GAZEL from 1.84 (95% CI=1.10, 3.07) to 1.57 (95% CI=0.94, 2.63).  
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Table 17 Role of health behaviours used as time dependent covariates in explaining the association 
between occupational position and all-cause and cardiovascular mortality in the British Whitehall II a nd 
the French GAZEL cohort studies. 
 WHITEHALL II GAZEL 
 HR (95%CI) % ∆ c (95%CId) HR (95%CI) % ∆ c (95%CId) 
All-cause mortality     
Model 1a 1.62 (1.28, 2.05)  1.94 (1.58, 2.39)  
Model 1 + Smoking 1.39 (1.09, 1.75) -32 (-62; -20) 1.89 (1.54, 2.32) -4 (-8;2) 
Model 1 + Alcohol 1.52 (1.19, 1.93) -14 (-37; -3) 1.85 (1.51, 2.28) -7 (-11;4) 
Model 1 + Diet 1.44 (1.13, 1.83) -25 (-55; -12) 1.89 (1.54, 2.33) -4 (-8; 2) 
Model 1 + Physical activity 1.47 (1.16, 1.86) -21 (-43; -11) 1.84 (1.50, 2.27) -8 (-12;4) 
Fully adjusted Model b 1.13 (0.88, 1.44) -75 (-149; -44) 1.71 (1.39, 2.10) -19 (-29;13) 
Cardiovascular mortality     
Model 1a 3.17 (2.05, 4.88)  1.84 (1.10, 3.07)  
Model 1 + Smoking 2.71 (1.75, 4.20) -13 (-24;5) 1.77 (1.06, 2.95) -6 (-40; -2) 
Model 1 + Alcohol 2.60 (1.67, 4.06) -18 (-34;8) 1.77 (1.06, 2.96) -6 (-29; 1) 
Model 1 + Diet 2.97 (1.90, 4.63) -6 (-18;3) 1.82 (1.09, 3.04) -2 (-19; 2) 
Model 1 + Physical activity 2.73 (1.77, 4.23) -13 (-26; 6) 1.68 (1.00, 2.81) -15 (-72; -5) 
Fully adjusted Model b 1.98 (1.25, 3.14) -41 (-77;22) 1.57 (0.94, 2.63) -26 (-119; -10) 

HR=Hazard Ratio, CI=Confidence Interval 
N=9771, Deaths=693 for all-cause and 201 for cardiovascular mortality in Whitehall II and N=17 760, Deaths=908 for all-
cause and 143 for cardiovascular mortality in GAZEL. 
a HR for lowest versus highest occupational position adjusted for age at baseline and sex. 
b HR for lowest versus highest occupational position adjusted for age at baseline, sex, and all health behaviours. 
c Percent attenuation in log HR= 100 x (β Model 1+ health behaviour(s)- β Model 1)/( β Model 1 ), where β =log(HR). 
d Bias corrected accelerated bootstrap 95% confidence interval. 

III.2.2.5 Health behaviours and cancer mortality in GAZEL: their association with 

mortality and their contribution to the socioeconomic gradient  

As shown in Table 9 (p. 95), cancer was the leading cause of death in both the Whitehall II 

and the GAZEL cohorts in terms of both number of deaths and mortality rate. However, the 

association between occupational position and cancer mortality in Whitehall II was not 

statistically significant at conventional levels (see Table 10). For this reason, analyses on the 

role of health behaviours in explaining socioeconomic differences in cancer mortality were 

restricted to the GAZEL cohort. Table 18 shows the association of health behaviours with 

cancer mortality in GAZEL. Current smokers had a 101% (95% CI=1.64, 2.46) increased risk 

of death for cancer mortality than non-current smokers. Alcohol abstainers were also at higher 

risk (HR=1.84; 95% CI=1.45, 2.35) but not heavy drinkers (HR=1.19; 95% CI=0.95, 1.48). 

Participants following an unhealthy diet had a 136% (95% CI=1.68, 3.31) increased risk of 

dying of cancer and participants being physically inactive a 99% (95% CI=1.59, 2.49) 

increased risk. 
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Table 18 Association between health behaviours and cancer mortality in French GAZEL study. 
 GAZEL  
 HR  a (95% CI) 
Smoking  
Non smokers 1.00 
Current smokers 2.01 (1.64, 2.46) 
Drinking   
Abstainers 1.84 (1.45, 2.35) 
Moderate drinkers 1.00 
Heavy drinkers 1.19 (0.95, 1.48) 
Diet  
Healthy  1.00 
Moderately healthy 1.35 (1.06, 1.72) 
Unhealthy 2.36 (1.68, 3.31) 
Physical activity  
Active  1.00 
Moderately active 1.68 (1.30, 2.17) 
Inactive 1.99 (1.59, 2.49) 

HR=Hazard Ratio, CI=Confidence Interval 
N=17 760, Deaths=472 
a Model adjusted for age at baseline and sex. 

Results for the role of health behaviours in explaining socioeconomic differences in cancer 

mortality are presented in Table 19. The hazard ratio for lowest versus highest occupational 

position was 1.96 (95% CI=1.47, 2.61) in the age- and sex-adjusted model. Smoking 

explained only 3% (95% CI=-1%; 7%) of this gradient, alcohol consumption 6% (95% CI=-

3%; 9%), diet 4% (95% CI=-2%; 8%) and physical activity 7% (95% CI=-3%; 11%). When 

the four health behaviours were entered simultaneously into the model, the hazard ratio 

associated with occupational position was lowered by 19% (95% CI=-7%; 25%). 

Table 19 Role of health behaviours in explaining the association between occupational position and cancer 
mortality in the French GAZEL study. 
 GAZEL  
 HR (95%CI)  %∆ c (95%CId) 
Model 1a 1.96 (1.47, 2.61)  
Model 1 + Smoking 1.91 (1.43, 2.55) -3 (-7; 1) 
Model 1 + Alcohol 1.87 (1.40, 2.50) -6 (-9; 3) 
Model 1 + Diet 1.90 (1.42, 2.53) -4 (-8; 2) 
Model 1 + Physical activity 1.86 (1.40, 2.48) -7 (-11; 3) 
Fully adjusted Model b 1.73 (1.29, 2.31) -19 (-25; 7) 

HR=Hazard Ratio, CI=Confidence Interval 
N=17 760, Deaths=472 
a HR for lowest versus highest occupational position adjusted for age at baseline and sex. 
b HR for lowest versus highest occupational position adjusted for age at baseline, sex, and all health behaviours. 
c Percent attenuation in log HR= 100 x (β Model 1+ health behaviour(s)- β Model 1)/( β Model 1 ), where β =log(HR). 
d Bias corrected accelerated bootstrap 95% confidence interval. 
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III.2.2.6 Sensitivity analyses 

Several sensitivity analyses were performed to assess the robustness of results. The first set of 

these analyses aimed at replicating the results using an alternative indicator of socioeconomic 

position, income in this case. The second set of sensitivity analyses addresses the issue of 

missing values. Finally, analyses concerning the comparability of the two cohorts were 

carried out.  

III.2.2.6.1 Analyses using income as a marker of socioeconomic position 

Occupation is the most comprehensive and complete (in terms of missing data) marker of 

socioeconomic position available in both cohorts. However, in order to ensure that the results 

held across other markers of socioeconomic position, analysis were repeated using income as 

an alternative indicator of socioeconomic position. As described earlier, in GAZEL household 

income was measured at study baseline. In Whitehall II, it was assessed only at the fifth data 

collection wave (Phase 5, 1997-1999). Thus, an alternative measure of material conditions 

composed of car ownership and accommodation type was used in Whitehall II (for a more 

detailed description of this measure see section II.2.1). For simplicity, the term ‘income’ will 

be used in both cohorts.  

Results using income as the indicator of socioeconomic position are reported in Appendix 

A2.1, Tables A2.1-A2.3. In Whitehall II, 9671 participants were included in the analyses and 

in GAZEL 17 131 (Table A2.1). At baseline, smoking, diet and physical activity but not 

heavy drinking were associated to income in both cohorts (Table A2.2). At last follow-up, the 

social patterning of health behaviours in Whitehall II remained similar to that observed at 

baseline; in GAZEL, only diet and physical activity remained socially patterned. As for 

occupational position, the associations were much stronger in the Whitehall II study than in 

the GAZEL study (p<0.001).  

Results for the role of health behaviours in explaining the association between income and all-

cause and cardiovascular mortality are presented in Table A2.3. For all-cause mortality, the 

hazard ratio in the lowest income category comparing to the highest was 1.90 (95% CI=1.49, 

2.41) in Whitehall II and 2.05 (95% CI=1.60, 2.63) in GAZEL, in the model adjusted for age 

and sex. Smoking and physical activity were the largest contributors to income inequalities in 

mortality in Whitehall II, and reduced the hazard ratio by 26% and 19% respectively. In 
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GAZEL, physical activity contributed the most to income inequalities in mortality, lowering 

the hazard ratio by 10%. Overall, health behaviours explained 56% of the association between 

income and all-cause mortality in the Whitehall II study and 23% in the GAZEL study. The 

hazard ratio for lowest versus highest income was reduced, in Whitehall II, from 1.90 (95% 

CI=1.49, 2.41) to 1.32 (95% CI=1.03, 1.70) and in GAZEL from 2.05 (95% CI=1.60, 2.63) to 

1.74 (95% CI=1.36, 2.23). These results, although based on smaller numbers due to missing 

data, largely mirror those obtained using occupational position. 

III.2.2.6.2 Analysis of the impact of missing data 

Several analyses were performed to examine the impact of missing data on the observed 

results. The social gradient in mortality in those excluded from the analysis due to missing 

data on health behaviours at baseline was examined, and found to be similar to that reported 

in main analyses (p for interaction for occupational position and inclusion status=0.35 in the 

Whitehall II study and 0.58 in GAZEL). 

In the GAZEL study, a greater proportion of data on health behaviours were missing, 14% 

compared to 5% in the Whitehall II study. As this is a potential source of bias, analyses were 

repeated using only two of the health behaviours examined, smoking and alcohol 

consumption, which were available on 99% of the sample in both studies; 10 195 participants 

in Whitehall and 20 454 participants in GAZEL. First, it was examined whether the role of 

these two behaviours in explaining occupational differences in mortality in the larger sample 

for which they were available was similar to that reported in the main analysis. These results 

showed that in the Whitehall II study smoking contributed to 28% and alcohol consumption to 

15% of the social gradient in all-cause mortality (compared to 32% and 14% in the main 

analysis). In the GAZEL study, smoking explained 6% of the social gradient in all-cause 

mortality compared to 4% in the main analysis; the contribution of alcohol did not differ. 

In a second set of analyses, the association of occupational position with smoking and alcohol 

consumption was examined in participants who were not included in the main analysis. In 

Whitehall II, the association between occupational position and smoking in those non-

included (OR=3.78) was similar to that in the included sample (OR=3.68) except for ‘heavy 

alcohol consumption’, where it was more pronounced among those not included in the 

analysis (OR=0.19 versus OR=0.50 in the included sample). In the GAZEL study, the 

occupational gradients in smoking (OR=1.19 in the non-included sample versus OR=1.33 in 
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the included sample) and heavy drinking (OR=0.84 in the non-included sample versus 

OR=1.14 in the included sample) were slightly weaker in the non-included sample. 

Finally, ‘inverse probability weighting’ was used to correct the estimates for non-response 

(Cole & Hernan, 2008). Here, the first step involved fitting a model to predict the probability 

of inclusion for each participant using covariates, drawn from the baseline of the studies, 

available on the whole cohort. The analysis was then rerun using weighted regression models, 

employing weights equal to the inverse of the predicted probabilities obtained in the first step. 

In both cohorts, results using inverse probability weighting for missing data were similar to 

the results reported in the main analysis. For example, the four health behaviours explained 

78% of occupational differences in all-cause mortality in Whitehall II (comparing to 75% in 

analysis not weighted for non-response) and 22% of occupational differences in all-cause 

mortality in GAZEL (comparing to 19% in analysis not weighted for non-response). 

III.2.2.6.3 Additional Sensitivity Analyses  

As the study design of the two cohorts was somewhat different, further analyses were 

conducted to test the robustness of the results. First, the Whitehall II study has a longer 

follow-up period (19.5 years versus 16.5 years in GAZEL), providing the participants a longer 

period to change their health behaviours and also to die or be lost to follow-up. In order to 

assess possible bias, analyses on the Whitehall II cohort were repeated using a similar follow-

up as that in GAZEL by starting the follow-up in Whitehall II at Phase 3 (1991-1993). These 

results showed health behaviours to explain an even greater part of the socioeconomic 

gradient in mortality (91%).  

In the second set of sensitivity analysis, analyses were repeated on participants with complete 

data on all health behaviours at all follow-ups; these results did not greatly differ from those 

reported in main analyses (for example, the attenuation for the fully adjusted model was 60% 

in Whitehall II and 17% in GAZEL versus 75% and 19% respectively). The third set of 

sensitivity analyses relates to social mobility in GAZEL. EDF-GDF, the employer of 

GAZEL’s participants, has a policy of seniority-based promotion. Thus, the highest 

socioeconomic category is likely to include a fair proportion of individuals whose behaviours 

might reflect their first occupational position, rather than their present occupational status. In 

order to assess this possibility, analyses were repeated using occupational position at entry 

into EDF-GDF, usually when individuals were in their 20s, instead of that at the start of the 

GAZEL study. These results did not differ from those reported in main analyses (for example, 
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smoking explained 4% of the socioeconomic gradient as in the main analysis). Analyses were 

also repeated using pack-years of smoking instead of smoking status, and again results did not 

differ from those presented in this study.  

A third set of sensitivity analyses addressed the issue of reverse causation. Poor health status 

may influence health-related behaviours and their changes over the follow-up. Thus, analyses 

were repeated adjusting for self-rated health, assessed longitudinally over the follow-up. In 

Whitehall II, the age, sex and self-rated health-adjusted hazard ratio in the lowest versus the 

highest occupational category was 1.47 (95% CI=1.16, 1.87). This was lowered by 81% after 

adjustment for the four health behaviours (comparing to 75% in analyses not adjusted for self-

rated health). In GAZEL, the corresponding hazard ratio was 1.82 (95% CI=1.48, 2.44) and it 

was lowered by 17% when health behaviours were added to the model (comparing to 19% in 

the main analyses).  

Finally, as the Whitehall II is a white-collar cohort while the GAZEL study also includes 

blue-collar workers, analyses were repeated on the sub-sample of GAZEL workers who had 

white-collar occupations (N=8079). These results were very similar to those observed on the 

whole cohort. As in the whole cohort, the social patterning of smoking, unhealthy eating and 

physical inactivity was stronger in Whitehall II than in GAZEL at first and last follow-up 

(p<0.001). The age-and sex-adjusted hazard ratio for lowest versus highest occupational 

position (HR=2.26; 95% CI=1.63, 3.13) was greater in the white-collar sub-sample than in the 

whole cohort, probably because of the exclusion of blue collar managers from the highest 

category. This was reduced by 3% when smoking was entered into the model, by 7% when 

alcohol consumption was added, by 4% with diet and 5% with physical activity. Overall, 

health behaviours explained 17% of the socioeconomic gradient in all-cause mortality in the 

GAZEL sub-sample of white collar workers, compared with 19% in the whole cohort. 
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III.3 Social support, socioeconomic position and mortality 12 

III.3.1 Population included in the analyses 

In Whitehall II, a total of 112 participants, corresponding to 1% of the total population, were 

excluded from the analysis because of missing data on one or more measures of social support 

at baseline (63 for network size, 41 for social participation and 38 for marital status) or 

mortality (11 participants), all categories not mutually exclusive. The analysis was based on 

the remaining 10 196 participants (6842 men and 3354 women). Those excluded tended to 

have a lower occupational position (19% versus 9% in the lowest occupational group for men 

and 73% versus 49% for women, p<0.001). In men, those included in the analysis were of a 

similar age to those excluded (44.0 versus 45.1 years, p=0.08) although the women included 

in the analysis were older than those excluded (47.1 versus 45.4 years, p=0.01). Non-included 

participants were less frequently in the lowest network size category but were more frequently 

not married or cohabiting. There were no differences in social participation between the 

included and non-included sample (p>0.05). For nine participants, the cause of death was not 

known and they were excluded from the cause-specific analyses. In GAZEL, a total of 3158 

participants, corresponding to 15% of the total population, were excluded from the analyses 

because of missing data on one or more measures of social support at baseline (2719 for 

network size, 3022 for social participation and 88 for marital status), on occupational position 

(25 participants) or died before the start of the follow-up in 1991 (48 participants), all 

categories not mutually exclusive. The analysis was based on the remaining 17 467 

participants (12 867 men and 4600 women). Those excluded tended to have a lower 

occupational position (23% versus 13% in the lowest occupational group for men and 35% 

versus 49% for women, p<0.001). There were no age differences between the included and 

non-included sample and the distribution of measures of social support did not differ 

(p>0.05).  

Table 20 shows characteristics of the study population and the social distribution of measures 

of social support at baseline. In both cohorts, there was a marked social gradient in mortality 

(p<0.001). Comparing to participants in the lowest occupational group those in the highest 

                                                 
12 For the Whitehall II study, results presented in this section are the subject of one submitted paper: Stringhini S, 
Berkman L, Dugravot A, Ferrie JE, Marmot M, Kivimaki M, Singh-Manoux A. Structural and functional 
measures of social support, socioeconomic position and mortality. The British Whitehall II Study. American 
Journal of Epidemiology (revise and resubmit). 
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tended to have a low network size, but they were less likely to have low social participation 

and were less frequently non married or cohabiting (all p<0.01).  

Table 20 Characteristics of the Whitehall II and GAZEL participants included in analyses of the role of 
social support in explaining the socioeconomic gradient in mortality. 
 Occupational position  Overall 
 High Intermediate Low pb  
WHITEHALL II       
N (%) 3006 (29.5) 4906 (48.1) 2284 (22.4)  10196 
Deaths (Ratea) 206 (3.1) 339 (3.8) 198 (5.5) <0.001 743 (3.7) 
Mean age (SD) 45.0 (5.8) 43.3 (6.0) 46.1 (6.0) <0.001 44.2 (6.1) 
Low network size N (%) 367 (12.2) 509 (10.4) 184 (8.1) <0.001 1060 (10.4) 
Low social participation N (%) 435 (14.5) 1019 (20.8) 814 (35.6) <0.001 2268 (22.2) 
Not married/cohabiting N (%) 435 (14.5) 1385 (28.2) 818 (35.8) <0.001 2638 (25.9) 
GAZEL       
N (%) 4429 (25.4) 10200 (58.4) 2838 (16.2)  17467 
Deaths (Ratea) 217 (2.6) 553 (3.2) 182 (4.5) <0.001 952 (3.1) 
Mean age (SD) 44.2 (3.2) 43.3(3.4) 42.3 (3.7) <0.001 44.4 (3.5) 
Low network size N (%) 569 (12.9) 669 (6.6) 178 (6.3) <0.001 1416 (8.1) 
Low social participation N (%) 1289 (29.1) 2819 (27.6) 868 (30.6) =0.01 4976 (28.5) 
Not married/cohabiting N (%) 595 (13.4) 1981 (19.4) 613 (21.6) <0.001 3189 (18.3) 

SD=Standard Deviation 
aAge- and sex-adjusted mortality rate per 1000 person-years. 
bTest for heterogeneity across socioeconomic groups. 

III.3.2 Social patterning of social support in the two cohorts 

Age- and sex-adjusted prevalence rates of low social support at baseline (Phase 1 for 

Whitehall II and 1991 for GAZEL) and at last follow-up (Phase 7 for Whitehall II and 2004 

for GAZEL) as a function of occupational position are shown in Figure 15, and absolute 

differences in the prevalence of low social support are reported in Table 21. In both cohorts, 

at the start of follow-up having a low network size was generally more prevalent in the 

highest occupational category (an absolute difference of 3%, 95% CI=2%; 5% in Whitehall II 

and of 8%, 95% CI=7%; 9% in GAZEL). In Whitehall II, low social participation and not 

being married or cohabiting were more prevalent in the lowest occupational category (an 

absolute difference of 13%, 95% CI=11%; 16% for both measures). In GAZEL, low social 

participation was more prevalent among participants in the highest occupational category (a 

difference of 4%, 95% CI= 2%; 6%), while not being married or cohabiting was slightly more 

prevalent in the lowest occupational category (an absolute difference of 2%, 95% CI=1%; 

4%). At last follow-up, low network size remained more prevalent among participants in the 

highest occupational category than among those in the lowest in GAZEL (an absolute 

difference of 3%, 95% CI=2%; 5%), while there were no occupational differences in network 

size in Whitehall II. Low social participation and not being married or cohabiting were more 

prevalent among participants in the lowest occupational category in both cohorts, but the 

difference between the occupational groups was 11% (95% CI=9%; 11%) in Whitehall II and 
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only 2% in GAZEL for low social participation and 16% (95% CI=13%; 19%) in Whitehall II 

and 3% (95% CI=2%; 5%) in GAZEL for not being married or cohabiting.  

 
Figure 15 Prevalence of low social support by occupational position at first and last measurement over the 
follow-up, age and sex adjusted (SES=Socioeconomic Status). 

Table 21 also shows results from age- and sex-adjusted logistic regression for the association 

between occupational position and measures of social support; the odds ratios are for the 

lowest versus the highest occupational position. At baseline (Phase 1 in Whitehall II and 1991 

in GAZEL), participants in the lowest occupational group were less likely to have a low 

network size than participants in the highest (OR=0.69; 95% CI=0.56, 0.84 in Whitehall II 

and OR=0.33; 95% CI=0.27, 0.39 in GAZEL). In Whitehall II, participants in the lowest 

occupational category were more likely to have a low social participation (OR=2.20; 95% 

CI=1.90, 2.55) compared to those in the highest occupational group. On the contrary, in 

GAZEL, participants in the lowest occupational category were less likely to have a low social 

participation (OR=0.83; 95% CI=0.74, 0.92). In both cohorts, participants in the lowest 

occupational group were more likely to be unmarried (or not cohabiting) than those in the 

highest (OR=2.07, 95% CI=1.80, 2.38 in Whitehall II and OR=1.18, 95% CI=1.03, 1.34 in 

GAZEL).  
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At the last follow-up (Phase 7 in Whitehall II and 2004 in GAZEL) the association between 

network size and occupational position remained significant only in GAZEL, where 

participants from the lowest occupational group were less likely to have a low network size 

(OR=0.58; 95% CI=0.48, 0.72). In both cohorts, participants in the lowest occupational group 

were more likely to have a low social participation and to be unmarried (or not cohabiting). 

However, the associations of social participation and marital status with occupational position 

were weaker in GAZEL than in Whitehall (OR=9.30; 95% CI=6.54, 13.21 in Whitehall II and 

OR=1.12; 95% CI=1.01, 1.26 in GAZEL for social participation; OR=2.54; 95% CI=2.11, 

3.05 in Whitehall II and OR=1.38; 95% CI=1.17, 1.62 in GAZEL for marital status). The 

association between occupational position and measures of social support differed by cohort 

for all indicators (p<0.05). 

Table 21 Association of occupational position with measures of social support in the British Whitehall II 
and the French GAZEL cohort studies. 
 WHITEHALL II  GAZEL  

 Prevalencea ∆ 
(95% CI) 

ORb (95% CI) Prevalencea ∆ 
(95% CI) 

ORb (95% CI) 

FIRST FOLLOW -UP     
Low network size -3% (-5; -2%) 0.69 (0.56, 0.84) -8% (-9; -7%) 0.33 (0.27, 0.39) 
Low social participation 13% (11;16%) 2.20 (1.90, 2.55) -4% (-6;-2%) 0.83 (0.74, 0.92) 
Not married/cohabiting 13% (11;16%) 2.07 (1.80, 2.38) 2% (1; 4%) 1.18 (1.03, 1.34) 
LAST FOLLOW -UP     
Low network size 0% (-1;2%) 1.11 (0.77, 1.60) -3% (-5; -2%) 0.58 (0.48, 0.72) 
Low social participation 11%% (9;13%) 9.30 (6.54, 13.21) 2% (1; 5%) 1.12 (1.01, 1.26) 
Not married/cohabiting 16% (13; 19%) 2.54 (2.11, 3.05) 3% (2; 5%) 1.38 (1.17, 1.62) 

OR=Odds Ratio; CI=Confidence Interval 
N=10 196 at first and N=7408 at last follow-up in Whitehall II and N=17 467 at first and N=15 571 at last follow-up in 
GAZEL. 
a Difference prevalence of los social support between lowest and highest occupational position, adjusted for age and sex. 
b Odds Ratio for lowest versus highest occupational position adjusted for age and sex. 
c All p for interaction between occupational position and cohort <0.05. 

III.3.3 Association of measures of social support with all-cause and cardiovascular 

mortality 

Table 22 shows the associations of the different measures of social support, assessed 

longitudinally over the follow-up, with all-cause and cardiovascular mortality. For all-cause 

mortality, in the Whitehall II study, participants having a low network size (HR=1.40; 95% 

CI=1.06, 1.96), those having a low social participation (HR=1.39; 95% CI=1.12, 1.73) and 

those unmarried (or not cohabiting) (HR=1.60; 95% CI=1.36, 1.87) were at higher risk of 

death than those having a high network size, high social participation, and being married or 

cohabiting, respectively. In GAZEL, only marital status was associated with mortality, and 

participants being unmarried (or not cohabiting) had 86% (95% CI=1.56, 2.21) greater risk or 

death than those married or cohabiting. For cardiovascular mortality, in both cohorts only 
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marital status was consistently associated with mortality. Participants being unmarried (or not 

cohabiting) had a 147% (95% CI=1.85, 3.30) increased risk of death for cardiovascular 

disease in Whitehall II and a 90% (95% CI=1.20, 3.01) increased risk in GAZEL than 

participants who were married or cohabiting. The association of measures of social support 

with all-cause and cardiovascular mortality differed by cohort for all indicators (p>0.05) apart 

from social participation for all-cause mortality (p<0.01).  

Table 22 Association between measures of social support and all-cause and cardiovascular mortality in the 
British Whitehall II and the French GAZEL studies. 
 All -cause mortality  Cardiovascular mortality  
 WHITEHALL GAZEL   WHITEHALL GAZEL  
 HR a (95% CI) HR a (95% CI)  HR a (95% CI) HR a (95% CI) 
Network size      
High  1.00 1.00  1.00 1.00 
Intermediate 1.11 (0.90, 1.37) 1.06 (0.92, 1.23)  1.54 (1.07, 2.21) 0.98 (0.68, 1.43) 
Low 1.40 (1.06, 1.86) 0.89 (0.70, 1.13)  1.41 (0.83, 2.41) 0.64 (0.32, 1.26) 

Social participation      
High  1.00 1.00  1.00 1.00 
Intermediate 1.20 (1.00, 1.45) 0.92 (0.77, 1.10)  0.99 (0.71, 1.38) 0.94 (0.61, 1.44) 
Low 1.39 (1.12, 1.73) 1.10 (0.91, 1.33)  1.34 (0.90, 1.97) 0.93 (0.57, 1.51) 

Marital status      
Married/cohabiting  1.00 1.00  1.00 1.00 
Non married/cohabiting 1.60 (1.36, 1.87) 1.86 (1.56, 2.21)  2.47 (1.85, 3.30) 1.90 (1.20, 3.01) 

HR=Hazard Ratio, CI=Confidence Interval 
N=10 196, Deaths=743 for all-cause and N=10 187, Deaths=210 for cardiovascular mortality in Whitehall II; N=17 467 
Deaths=952 for all-cause and Deaths=146 for cardiovascular mortality in GAZEL. 
a Model adjusted for age at baseline . 
b All p for interaction between measures of social support and cohort >0.05 apart from social participation for all-cause 
mortality (p<0.01). 

III.3.4 Role of social support in explaining the socioeconomic gradient in all-cause and 

cardiovascular mortality 

Results for the role of measures of social support in explaining the association between 

occupational position and all-cause and cardiovascular mortality are presented in Table 23. 

The hazard ratio for lowest versus highest occupational position was 1.66 (95% CI=1.32, 

2.08) in Whitehall II and 1.91 (95% CI=1.56, 2.33) in GAZEL for all-cause mortality, in the 

model adjusted for age and sex (p for interaction for cohort differences=0.99). In Whitehall II, 

adjustment for network size reduced the age- and sex-adjusted hazard ratio associated with 

occupational position by 1% (95% CI=-1%; 4%); adjustment for social participation reduced 

it by 6% (95% CI=-7%; 32%) and adjustment for marital status by 13% (95% CI=7%; 24%). 

Overall, the three measures of social support explained 19% (95% CI=16%; 52%) of the 

association between occupational position and all-cause mortality the Whitehall II study. In 

GAZEL, when network size was added into the age- and sex-adjusted model, the estimate for 

the occupational position-mortality association did not change. Adding social participation 

lowered the hazard ratio associated to occupational position by 1% (95% CI=-1%; 2%) and 
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adding marital status lowered the hazard ratio by 4% (95% CI=-1%; 6%). In total, the three 

measures of social support explained 4% (95% CI=0%; 8%) of the association between 

occupational position and all-cause mortality. After accounting for the three measures of 

social support, the hazard ratio for lowest versus highest occupational position was reduced, 

in Whitehall II, from 1.66 (95% CI=1.32, 2.08) to 1.51 (95% CI=1.20, 1.89) and in GAZEL 

from 1.91 (95% CI=1.56, 2.33) to 1.86 (95% CI=1.52, 2.28).  

For cardiovascular mortality, the hazard ratio for lowest versus highest occupational position 

was 3.30 (95% CI= 2.17, 5.03) in the Whitehall II study and 2.07 (95% CI= 1.25, 3.44) the 

GAZEL study (p for interaction for cohort differences=0.06). In Whitehall II, marital status 

was the measure that contributed most to the occupational gradient in cardiovascular mortality 

(% attenuation=-15%, 95% CI=-24%; -7%). Overall, the three measures of social support 

explained 19% (95% CI=12%; 38%) of occupational inequalities in cardiovascular mortality 

in the Whitehall II study. In GAZEL, network size and marital status reduced the hazard ratio 

associated to occupational position by respectively 3% (95% CI=-1%; 7%) and 4% (95% 

CI=-1%; 7%); and in total the three measures of social support explained 7% (95% CI=1%; 

10%) of occupational inequalities in cardiovascular mortality. After accounting for the three 

social support indicators, the hazard ratio for lowest versus highest occupational position was 

reduced, in Whitehall II, from 3.30 (95% CI= 2.17, 5.03) to 2.63 (95% CI=1.72, 4.02) and in 

GAZEL from 2.07 (95% CI= 1.25, 3.44) to 1.96 (95% CI=1.17, 3.29).  

Table 23 Role of measures of social support used as time dependent covariates in explaining the 
association between occupational position and all-cause and cardiovascular mortality in the British 
Whitehall II and the French GAZEL studies. 
 WHITEHALL II  GAZEL  
 HR (95%CI)  %∆ c (95%CId) HR (95%CI)  %∆ c (95%CId) 
All -cause mortality     
Model 1a 1.66 (1.32, 2.08)  1.91 (1.56, 2.33)  
Model 1 + Network size 1.65 (1.32, 2.07) -1 (-4; 1) 1.92 (1.56, 2.35)  0 (-3; 3) 
Model 1 + Social participation 1.61 (1.28, 2.02) -6 (-32; 7) 1.91 (1.56, 2.33) -1 (-2; 1) 
Model 1 + Marital status 1.55 (1.24, 1.95) -13 (-24; -7) 1.86 (1.52, 2.28) -4 (-6; 1) 
Fully adjusted Model b 1.51 (1.20, 1.89) -19 (-52; -16) 1.86 (1.52, 2.28) -4 (-8; 0) 
Cardiovascular mortality      
Model 1a 3.30 (2.17, 5.03)  2.07 (1.25, 3.44)  
Model 1 + Network size 3.22 (2.22, 4.90) -2 (-6; -3) 2.02 (1.21, 3.37) -3 (-7; 1) 
Model 1 + Social participation 3.21 (2.10, 4.91) -2 (-14; 1) 2.07 (1.24, 3.43) 0 (-3; 3) 
Model 1 + Marital status 2.75 (1.80, 4.19) -15 (-27; -9) 2.02 (1.21, 3.36) -4 (-7; 1) 
Fully adjusted Model b 2.63 (1.72, 4.02) -19 (-38; -12) 1.96 (1.17, 3.29) -7 (-10; -1) 

HR=Hazard Ratio, CI=Confidence Interval 
N=10 196, Deaths=743 for all-cause and N=10 187, Deaths=210 for cardiovascular mortality in Whitehall II; N=17 467 
Deaths=952 for all-cause and Deaths=146 for cardiovascular mortality in GAZEL. 
a HR for lowest versus highest occupational position adjusted for age at baseline. 
b HR for lowest versus highest occupational position adjusted for age at baseline and all measures of social support. 
c Percent attenuation in log HR= 100 x (β Model 1+ social support(s)- β Model 1)/( β Model 1 ), where β =log(HR). 
d Bias corrected accelerated bootstrap 95% confidence interval. 
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III.3.5 Social support and cancer mortality in GAZEL: their association with mortality 

and their contribution to the socioeconomic gradient  

As cancer was the leading cause of death in GAZEL and there was a strong socioeconomic 

gradient in cancer mortality in this cohort (HR=2.12; 95% CI=1.56, 2.87), as opposed to the 

Whitehall II cohort (HR=1.07; 95% CI=0.77, 1.49), the role of measures of social support in 

explaining occupational inequalities in cancer mortality was examined in the GAZEL study 

only. Of the three measures of social support, only marital status was related to cancer 

mortality (HR=1.49; 95% CI=1.15, 1.91 for being unmarried or not cohabiting versus being 

married or cohabiting, results shown in Table 24).  

Table 24 Association between measures of social support and cancer mortality in the French GAZEL 
study. 
 HR  a (95%CI) 
Network size  
More than 2 friends or relatives 1.00 
1-2 friends or relatives 1.01 (0.83, 1.24) 
No friends or relatives 0.83 (0.59, 1.16) 

Social participation  
High  1.00 
Intermediate 0.84 (0.66, 1.08) 
Low 1.03 (0.79, 1.84) 

Marital status  
Married/cohabiting  1.00 
Non married/cohabiting 1.49 (1.15, 1.91) 

HR=Hazard Ratio, CI=Confidence Interval 
N=17 467, Deaths=491. 
a Model adjusted for age at baseline and sex. 

Results for the role of measures of social support in explaining the occupational gradient in 

cancer mortality in GAZEL are presented in Table 25. The age- and sex-adjusted hazard ratio 

for lowest versus highest occupational position was 1.91 (95% CI=1.44, 2.53). When the three 

measures of social support were entered into the model, this was reduced by 4% (95% 

CI=0%; 8%). 

Table 25 Role of measures of social support in explaining the association between occupational position 
and cancer mortality in the French GAZEL study. 
 GAZEL  
 HR (95%CI)  %∆ c (95%CId) 
Model 1a 1.91 (1.44, 2.53)  
Model 1 + Network size 1.90 (1.43, 2.53) -1 (-4; 2) 
Model 1 + Social participation 1.90 (1.43, 2.52) -1 (-4; 2) 
Model 1 + Marital status 1.88 (1.42, 2.50) -2 (-4; 0) 
Fully adjusted Model b 1.86 (1.40, 2.48) -4 (-8; 0) 

HR=Hazard Ratio, CI=Confidence Interval 
N=17 467, Deaths=491. 
a HR for lowest versus highest occupational position adjusted for age at baseline. 
b HR for lowest versus highest occupational position adjusted for age at baseline and all measures of social support. 
c Percent attenuation in log HR= 100 x (β Model 1+ social support(s)- β Model 1)/( β Model 1 ), where β =log(HR). 
d Bias corrected accelerated bootstrap 95% confidence interval. 
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III.3.6 Sensitivity analyses 

Several sensitivity analyses were performed to assess the robustness of results. The first set of 

these analyses aimed to reproduce the results using an alternative marker of socioeconomic 

position, income in this case. The second set of sensitivity analyses addresses the issue of 

missing values. Finally, additional analyses concerning the comparability of the two cohorts 

were conducted.  

III.3.6.1 Analysis using income as a marker of socioeconomic position 

As mentioned earlier, occupation is the most comprehensive and complete marker of 

socioeconomic position in both cohorts. However, in order to ensure that the results held 

across other markers of socioeconomic position, analysis were repeated using income as an 

alternative indicator. In the GAZEL cohort, household income was measured at study baseline 

(1989). In Whitehall II, it was assessed only at the fifth data collection wave (Phase 5, 1997-

1999). Thus, an alternative measure of material conditions composed of car ownership and 

accommodation type was used (for a more detailed description of this measure see section 

II.2.1). For simplicity, the term “income” will be used for both cohorts. 

Results using income as the indicator of socioeconomic position are reported in Appendix A, 

Tables A2.4-A2.6. In Whitehall II, 10 091 participants were included in the analyses and in 

GAZEL 16 864 (Table A2.4). In Whitehall II, at baseline and at last follow-up, all measures 

of social support were strongly associated with income (Table A2.5) in the sense that 

participants in the lowest income category were more likely to have a low network size 

(OR=1.93; 95% CI=1.57, 2.36 at baseline), low social participation (OR=1.65; 95% CI=1.41, 

1.92 at baseline) and to be unmarried or not cohabiting (OR=16.39; 95% CI=13.94, 19.26 at 

baseline). In GAZEL, at baseline, participants in the lowest income category were less likely 

to have a low network size than participants in the highest income group (OR=0.43; 95% 

CI=0.36, 0.55). Social participation was not associated with income while participants in the 

lowest income category were over 11 times more likely (OR=11.95; 95% CI=10.17, 14.01) to 

be unmarried or not cohabiting compared with participants in the highest-income group. At 

last follow-up, only social participation and marital status were related to income. The 

association of income with measures of social support differed in the two cohorts for all 

measures (all p<0.01) apart from marital status at last follow-up (p=0.85).  
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Results for the role of measures of social support in explaining the association between 

income and all-cause and cardiovascular mortality are presented in Table A2.6. For all-cause 

mortality, the hazard ratio in the lowest versus the highest category of income was 2.62 (95% 

CI=1.62, 3.54) in Whitehall II and 2.11 (95% CI=1.66, 2.69) in GAZEL, in the model 

adjusted for age and sex. Marital status was the largest contributor to income inequalities in 

all-cause mortality in both cohorts, and reduced the hazard ratio by 24% in Whitehall II and 

20% in GAZEL. Overall, the three measures of social support explained 29% of the income 

gradient in all-cause mortality in Whitehall II and 21% in GAZEL. For cardiovascular 

mortality, the age- and sex-adjusted hazard ratio for lowest versus highest income was 2.87 

(95% CI=1.91, 4.31) in Whitehall II and 2.22 (95% CI=1.20, 4.11) in GAZEL. In Whitehall 

II, when marital status was added to the model the hazard ratio was attenuated by 37%; the 

corresponding figure was 17% for GAZEL. Overall, the three measures of social support 

explained 43% of income differences in cardiovascular mortality in the Whitehall II study and 

20% of these differences in the GAZEL study.  

III.3.6.2 Analysis of the impact of missing data 

Several analyses were performed to examine the impact of missing data. The social gradient 

in mortality among those excluded from the analysis due to missing data on measures of 

social support at baseline was examined. This was found to be similar to that reported in main 

analyses (p for interaction for occupational position and inclusion status=0.22 in the 

Whitehall II study and 0.57 in GAZEL). In the GAZEL study, a greater proportion of data on 

social support were missing, 15% compared to 1% in the Whitehall II study. As this is a 

potential source of bias, analyses were repeated using only marital status, which was available 

on 99% of the sample in both studies; 10 259 participants in Whitehall and 20 537 

participants in GAZEL. First, it was examined whether the role of marital status in explaining 

occupational differences in mortality in the larger sample for which it was available was 

similar to that reported in the main analysis. These results showed that in the Whitehall II 

study, marital status contributed to 14% of the occupational gradient in mortality (compared 

to 13% in the main analysis). In the GAZEL study, marital status explained 3% of the 

occupational gradient in mortality compared to 4% in the main analysis. 

In a second set of analyses, the association of occupational position with marital status was 

examined in participants who were not included in the main analysis. In Whitehall II, the 

association between occupational position and marital status in those not included (OR=1.88; 
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95% CI=0.42, 8.51) was similar to that in the included sample (OR=2.07; 95% CI=1.80, 

2.38). In the GAZEL study, the occupational gradient in marital status was slightly stronger in 

the non-included (OR=1.55; 95% CI=1.11, 2.15) than in the included sample (OR=1.18; 95% 

CI=1.03, 1.34). Analyses were also repeated on participants with complete data on all 

measures of social support at all follow-ups; these results did not differ from those reported in 

main analyses (for example, for all-cause mortality the attenuation in the fully adjusted model 

was 19% in Whitehall II and 4% in GAZEL, as in the main analysis). 

Finally, as done in analyses with health behaviours, “inverse probability weighting” was used 

to correct the estimates for non-response (Cole et al., 2008). In Whitehall II, results using 

inverse probability weighting for missing data were identical to those reported in the main 

analysis (for example, the three measures of social support explained 19% of occupational 

differences in all-cause mortality, as in the main analyses). In GAZEL, the contribution of 

measures of social support was slightly greater in analysis weighted for non-response than in 

the main analyses (for example, the three measures of social support explained 10% of 

occupational differences in all-cause mortality comparing to 4% in the main analyses). 

III.3.6.3 Additional Sensitivity Analyses  

As the study design of the two cohorts was somewhat different, further analyses were 

conducted to test the robustness of the results. First, the Whitehall II study has a longer 

follow-up period, providing the participants a longer period to change their social behaviours. 

In order to assess possible bias arising from this longer follow-up, analyses on the Whitehall 

II cohort were repeated using a similar follow-up time as that in GAZEL by starting the 

follow-up in Whitehall II at Phase 2 (1989-1990). These results showed measures of social 

support to explain a slightly greater proportion of the socioeconomic gradient in mortality 

(20% comparing to 19% in main analysis). 

A second set of sensitivity analyses addressed the issue of reverse causation. Poor health 

status may lead to more contacts with friends or relatives, thus inducing a spurious association 

between social support and health as a result of reverse causation. Thus, analyses were 

repeated adjusting for self-rated health, assessed longitudinally over the follow-up. In 

Whitehall II, the age, sex and self-rated health-adjusted hazard ratio in the lowest versus the 

highest occupational category was 1.53 (95% CI=1.22, 1.92). This was lowered by 21% after 

adjustment for the three measures of social support (comparing to 19% in analyses not 

adjusted for self-rated health). In GAZEL, the corresponding hazard ratio was 1.71 (95% 
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CI=1.39, 2.11) and it was lowered by 6% when the measures of social support were added to 

the model (comparing to 4% in the main analyses).  

Thirdly, as the Whitehall II is a white-collar cohort while the GAZEL study also includes 

blue-collar workers, analyses were repeated on the sub-sample of GAZEL workers who had 

white collar occupations (N=7958, 48% men and 52% women). The social patterning of 

network size and social participation was very similar to that in the whole cohort; marital 

status was more strongly associated with occupational position in the white-collar sub-sample 

than in the whole cohort (OR=1.28; 95% CI=1.07, 1.54 at baseline and OR=1.49; 95% 

CI=1.20, 1.85 at last follow-up). The age-and sex-adjusted hazard ratio for lowest versus 

highest occupational position (HR=2.16; 95% CI=1.57, 2.97) was greater in the white-collar 

sub-sample than in the whole cohort, probably because of the exclusion of blue collar 

managers from the highest category. This was reduced by 1% when network size was entered 

into the model and by 7% when marital status was added. The inclusion of social participation 

did not change the estimate for the hazard ratio associated with occupational position. 

Overall, measures of social support explained 8% of the occupational gradient in all-cause 

mortality among white collar workers of the GAZEL cohort, comparing to 4% in the whole 

cohort.  

Finally, as there were gender differences in the social patterning of measures of social 

support, all analyses were repeated stratifying the population by sex. Results are provided in 

Appendix A.3 (Tables A3.1-A.3.6). Gender differences mainly concerned the social 

patterning of marital status in Whitehall II (see Table A.3.2), in that men in the highest 

occupational category were more likely to be married or cohabiting than those in the lowest 

category, while for women the contrary was true (those in the highest occupational category 

were less likely to be married or cohabiting than those in the lowest category). The 

contribution of measures of social support to the socioeconomic gradient in all-cause and 

cardiovascular mortality was examined separately in men and women (see Tables A.3.5 & 

A.3.6). Among men, in Whitehall II the three measures of social support explained 24% and 

26% of occupational differences in all-cause and in cardiovascular mortality, respectively. In 

GAZEL, they explained 3% and 8% of occupational differences in all-cause and in 

cardiovascular mortality, respectively. Among women, the occupational gradient in mortality 

was statistically significant only for cardiovascular mortality in the Whitehall II study 

(HR=3.31; 95% CI=1.19, 9.24). Adding measures of social support lowered the hazard ratio 

by 7%. 
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CHAPTER IV: DISCUSSION 

This thesis had the aims of examining the association of socioeconomic position in early life 

and in adulthood with all-cause and cause-specific mortality, and of assessing the contribution 

of health behaviours and social support to the association of socioeconomic position in 

adulthood with all-cause and cause-specific mortality. Data were drawn from two different 

cohorts: the British Whitehall II and the French GAZEL studies. Results will be briefly 

summarized below and more specifically discussed in the next sections.  

IV.1 Summary of results 

Analyses of the association between socioeconomic circumstances in early life and mortality 

were conducted using pooled data from the two cohorts. The three markers of socioeconomic 

position examined, father’s occupational position, education, and height, were differently and, 

for education and height independently, related to mortality. Analyses of the association of 

socioeconomic position in adulthood with mortality were conducted separately in the two 

cohorts. The two indicators examined, occupational position and income, were strongly 

associated with all-cause and cardiovascular mortality in both cohorts. In GAZEL, 

occupational position and income were also associated with cancer mortality, but in the 

Whitehall II study, only income was related to cancer mortality. Apart from cancer mortality, 

the association of socioeconomic position with mortality was generally similar in the two 

cohorts.  

The role of health behaviours and structural measures of social support in explaining the 

association between socioeconomic position in adulthood and mortality was examined in the 

two cohorts. First, the contribution of health behaviours to the association between 

occupational position and all-cause and cardiovascular mortality was estimated in the 

Whitehall II study, comparing a baseline assessment only with a longitudinal assessment of 

health behaviours over the follow-up for mortality. Analyses based on repeated assessments 

of health behaviours across the follow-up showed them to make a larger contribution to 

socioeconomic differences in mortality than those based on a baseline assessment only. The 

contribution of health behaviours to socioeconomic differences in mortality in the two cohorts 

was then compared. The four health behaviours under analysis strongly and similarly 

predicted mortality in the Whitehall II and the GAZEL studies. In both cohorts, unhealthy 

behaviours were more prevalent among participants from the lowest socioeconomic groups, 
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but their social patterning was much stronger in the Whitehall II than in the GAZEL study. As 

a result, in the Whitehall II study, health behaviours explained ¾ of occupational differences 

in all-cause mortality and about ½ of occupational differences in cardiovascular mortality. In 

GAZEL, they contributed to about ¼ of occupational differences in all-cause, cardiovascular 

and cancer mortality. Analysis using income as an indicator of socioeconomic position 

yielded similar results.  

The contribution of structural measures of social support to socioeconomic differences in 

mortality was also examined. In both cohorts, marital status consistently predicted all-cause 

and cardiovascular mortality, and network size was associated with all-cause but not 

cardiovascular mortality. Social participation was associated with all-cause but not 

cardiovascular mortality in the Whitehall II study and was not related to mortality in GAZEL. 

Not being married/cohabiting or having low social participation were generally more common 

among participants from the lower socioeconomic groups, but the social patterning of the two 

variables was stronger in the Whitehall II study than in the GAZEL study. Having a low 

network size was generally more common among participants from the highest 

socioeconomic group. Overall, the three measures explained about ¼ of occupational 

differences in all-cause and cardiovascular mortality in the Whitehall II study. In GAZEL, 

measures of social support explained, overall, about 5% of occupational differences in all-

cause, cancer and cardiovascular mortality. In both cohorts, the contribution of social support 

to socioeconomic differences in mortality was primarily attributable to marital status. 

IV.2 Association of socioeconomic position with mortality 

IV.2.1 Early-life socioeconomic circumstances and mortality  

Results from this thesis represent three main findings about the nature of the association of 

the three indicators of socioeconomic circumstances in early life (father’s occupational 

position, education and height) with mortality. First, the relationships do not have the same 

shape; second, the association depends on the cause of mortality being examined; and third, 

underlying mechanisms linking these socioeconomic indicators to health may not be the 

same. 
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IV.2.1.1 Father’s occupational position 

Participants whose father had a manual compared to a non-manual occupation had in general 

a higher risk of mortality. This excess risk was largely attenuated when the effects of 

education and height were accounted for. Further analyses (not shown) revealed the 

attenuation to come primarily from adjustment for education, as reported previously (Lawlor 

et al., 2006; Strand & Kunst, 2007). Height did not modify the association between father’s 

occupational position and mortality. Sensitivity analyses using a more detailed categorization 

of father’s occupation did not show any evidence of a dose-response association with 

mortality. In analyses stratified by cohort, there was evidence for father’s occupational 

position to be more strongly related to mortality in the Whitehall II study than in the GAZEL 

study. This supports results from a previous study on the GAZEL cohort, which although 

using a shorter follow-up for mortality, reported a weak association between father’s 

occupational position and mortality (Melchior et al., 2006). In that study, father’s 

occupational position was coded as “low” or ‘high” and not as “manual” or “non-manual”, as 

in the analysis presented here. 

In general, the association of father’s occupational position with mortality was weaker in 

these two cohorts than in previous studies (Galobardes et al., 2004). This may be related to 

the fact that a retrospective measure of father’s occupational position was used, and the 

recollection of past circumstances might be subject to recall bias. It has been suggested that 

life course research from birth cohorts, collecting information on early-life socioeconomic 

conditions during childhood, or from Scandinavian data linking information from hospital 

records, censuses and birth certificates, might be more reliable (Bartley, 2004). In fact, other 

studies where information on father’s occupation was collected in childhood or obtained from 

registers showed a greater predictive ability of this measure for mortality (Davey Smith et al., 

2001; Kuh et al., 2002; Lawlor et al., 2006). In the British 1946 birth cohort, for example, 

participants whose father had a manual occupational position rather than a non-manual were 

almost two times more likely to die in early old age (Kuh et al., 2002). Indeed, two studies 

(Batty et al., 2005; Kauhanen et al., 2006) have recently shown that adults may overestimate 

their fathers’ occupational positions during the participants’ childhoods. Thus, 

misclassification of father’s occupation may lead to underestimation of its true effect on adult 

health (Galobardes et al., 2006a) and this could in part explain the weak association between 

father’s occupation and mortality reported in this thesis.  
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IV.2.1.2 Education 

Of the three measures examined, education had the most consistent association with mortality, 

with some evidence of excess mortality in the lower educational groups for all mortality 

outcomes considered. Overall, there was evidence of a dose-response association between 

education and mortality. The existence of a strong association between educational level and 

mortality has been documented by a considerable body of research (Mackenbach et al., 2003; 

Huisman et al., 2005b; Ito et al., 2008; Mackenbach et al., 2008; Stirbu et al., 2010; Strand et 

al., 2010), and recent studies have shown that social inequalities in mortality by education 

persist and are even rising in both France and England and Wales (Mackenbach et al., 2003; 

Menvielle et al., 2007; Saurel-Cubizolles et al., 2009). Several factors could explain why 

education most consistently predicted mortality compared with the other two indicators 

examined. First, education reflects the socioeconomic position achieved as an adult, as well-

educated individuals are more likely to be employed and be better paid (Ross, 1995). As such, 

education is the most temporally proximate to adulthood of the three early-life socioeconomic 

variables considered (Galobardes et al., 2006b). Indeed, in many studies examining the 

association between education and mortality, education has been considered as an indicator of 

socioeconomic position in adulthood rather than childhood (Galobardes et al., 2004; Strand et 

al., 2007). Second, education is thought to have a direct effect on health through health 

education and health-related behaviours (Lynch et al., 1997b). Third, education is easier to 

measure accurately and to assign to individuals than several other socioeconomic indicators 

(Galobardes et al., 2006b), and systematic misclassifications are less likely to occur. Finally, 

given that education is strongly related to intelligence, it has been suggested that its 

association with mortality might in part reflect the association between cognitive ability and 

health (Batty et al., 2010).  

The impact of education on mortality was especially strong for cancer mortality. This finding 

has been reported previously in a Swedish population (Kilander et al., 2001), but other studies 

from Scotland or Japan have shown education to have a greater impact on cardiovascular 

rather than on cancer mortality (Davey Smith et al., 1998b; Ito et al., 2008). The association 

between education and mortality was not modified by the other two indicators of 

socioeconomic circumstances in early life, suggesting an independent effect of education on 

mortality.  
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IV.2.1.3 Height 

Adult height is often used as a proxy measure of early-life socioeconomic circumstances, with 

the assumption that, on a population level, short stature is a consequence of poor 

circumstances in utero or during early life (Gunnell et al., 1998; Galobardes et al., 2004). This 

hypothesis has been supported by the finding of an inverse linear association between adult 

height and all-cause mortality, cardiovascular mortality and other causes of death related to 

early-life conditions (Davey Smith et al., 2000; McCarron et al., 2001; Song et al., 2003; 

Song et al., 2008), in both men and women. In the research presented here, height was 

inversely associated with coronary heart disease mortality, as in other studies (Jousilahti et al., 

2000; Silventoinen et al., 2006). In a sub-sample of the Whitehall II study (N=4546) data on 

components of height were available. Analyses using these data showed leg length to have a 

linear association with coronary heart disease mortality; one standard deviation decrease in 

leg length was associated with 25% excess risk of coronary heart disease mortality (95% CI = 

-23%, 103%). Leg-length is a marker of growth before puberty, and it is thus better related to 

adverse socioeconomic circumstances in early life than other components of height such as 

trunk length, which is set during adolescence (Wadsworth et al., 2002). In this thesis, results 

on cardiovascular mortality did not suggest a linear association with height. Although shorter-

than-average participants were at higher risk for cardiovascular mortality, as has been shown 

previously (Song et al., 2008), taller-than-average participants were also found to be at higher 

risk compared to people of average stature. The U-shaped association between height and 

cardiovascular mortality can be explained by the inclusion of a range of causes of death in this 

categorization. For instance, previous research suggests greater risk of aortic aneurysm among 

the tall individuals (McCarron et al., 2002). On the other hand, studies on stroke incidence 

(Silventoinen et al., 2009) and stroke mortality (Song et al., 2003) suggest greater risk among 

shorter individuals. 

Results from this research support the existing literature showing a greater risk of cancer 

among taller individuals. This finding has been shown consistently for breast cancer, 

colorectal cancer, prostate cancer and cancers not related to smoking (Gunnell et al., 2001). 

Several plausible mechanisms might underlie the height-cancer association. For example, 

taller people have larger organs and thus their chances of dividing stem cells undergoing 

transformation to malignancy might be elevated; some genetic factors linked with height 

(such as insulin-like growth factors) may also be related to tumour risk; and finally height 

might reflect early-life dietary or metabolic factors that also affect cancer risk (Gunnell et al., 
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2001). However, in this research a higher risk of cancer mortality was also found among the 

shorter-than-average individuals. Other studies have reported some evidence of greater cancer 

risk among short individuals for certain cancers, such as gastrointestinal cancers (Robsahm & 

Tretli, 1999) or cervical cancer (Song et al., 2008), but results are inconsistent. In the sub-

sample for which components of height were examined, trunk length seemed to be better 

related to cancer mortality than leg length; for instance, a standard deviation increase in trunk 

length was associated with 20% greater risk of mortality (95% CI: -3%, 47%). As trunk 

length is determined during adolescence, this result supports the hypothesis that high stature-

related cancer risk is not associated to socioeconomic circumstances in early life but rather to 

events occurring later in life. Finally, the U-shaped relationship between height and mortality 

could also be explained by considering that some cancers, such as smoking-related or 

oesophagus and stomach cancers, have been related to low socioeconomic position while 

others, such as breast and colon cancer or skin melanoma, are more prevalent in higher 

socioeconomic groups (Faggiano et al., 1997). However, adjustment for the two other 

socioeconomic indicators, father’s occupational position and education, did not alter the 

observed associations. 

IV.2.1.4 Comparison of the three measures and analysis stratified by cohort 

As discussed in the introduction, previous research has used different markers of early-life 

socioeconomic circumstances when examining their association with adult health outcomes, 

ranging from measures of parental education and occupation, through indicators of material 

circumstances during childhood, such as housing conditions or childhood diet or 

anthropometric measures, to own education, seen to reflect the family’s cultural environment. 

The particular measure of early-life socioeconomic position used depended most often on 

what was available in a study. In the research presented here, it was shown that the three 

measures of early-life socioeconomic circumstances were differently related to mortality. The 

association of father’s occupational position with mortality was weaker than that of the other 

two indicators examined. Participants whose father had a manual occupation had a 10% 

greater risk of dying over the follow-up period than those whose father had a non-manual 

occupation, and this increased risk was attenuated to 5% after adjusting for education. 

Conversely, participants in the lowest educational category, compared with those in the 

highest, were about 1.5 times more likely to die over the follow-up, and this increased risk 

was not weakened by adjustment for the other childhood socioeconomic indicators. The 

association of height with mortality was U-shaped. The increased risk of death associated 
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with higher or shorter stature, compared with that of average stature, was around 20%. It is 

plausible that mechanisms underlying the associations of the three indicators with mortality 

are different, and consequently future research should not use them as if they were 

interchangeable.  

In analyses conducted separately in the two cohorts, there was some evidence for father’s 

occupational position and height to be more strongly related to all-cause and cancer mortality 

in Whitehall II than in GAZEL, and for education to better predict all-cause and cancer 

mortality in GAZEL than in the Whitehall II study. As shown in Figure 8 (p.42), father’s 

occupational position and height are both indicators of socioeconomic circumstances in early 

childhood while education is an indicator of socioeconomic circumstances in young 

adulthood. Although the differences were not statistically significant, results might suggest 

that childhood socioeconomic conditions are more important predictors of mortality in the 

United Kingdom than in France. Numerous studies have documented the association between 

socioeconomic circumstances in childhood and mortality in the United Kingdom (Galobardes 

et al., 2004; Galobardes et al., 2008). Unfortunately, only one previous study on the 

association between socioeconomic circumstances in early life and mortality was conducted 

in France, and it was on the GAZEL cohort (Melchior et al., 2006). Further research on this 

topic is needed, especially in countries such as France where there is a lack of studies on life 

course socioeconomic influences on adult health.  

IV.2.2 Socioeconomic position in adulthood and mortality  

For the two indicators of socioeconomic position in adulthood examined, occupational 

position and income, there was a strong graded association with all-cause and cardiovascular 

mortality in both cohorts. Income was also related to cancer mortality in both cohorts but 

occupational position was not; there was a graded association with cancer mortality in 

GAZEL but not in Whitehall II. In this thesis, occupational position was used as the main 

indicator of socioeconomic position in adulthood. This choice was made for reasons of both 

precision and accuracy: occupational position is obtained directly from the employer’s record 

and is thus less subject to differential or non-differential misclassification, measurement error, 

or missing data than are measures of income. Moreover, income was not available in 

Whitehall II at study baseline, and a proxy measure of material circumstances was used 

instead.  



 

 134

A comparison of results from the Whitehall II and the GAZEL cohorts with the existing 

literature in Europe is difficult. Previous comparative studies have generally used a 

manual/non-manual dichotomization of occupations or have included inactive (non-

employed) individuals (Mackenbach et al., 1997; Kunst et al., 1998a; Kunst et al., 1998b; 

Mackenbach et al., 2003; Mackenbach et al., 2008). In this thesis, the measure of occupational 

position used is based, in both cohorts, on the occupational hierarchy in use within the 

respective enterprises. This variable is coded in three categories (high, intermediate and low) 

and each level differs with respect to salary, social status, level of responsibility in the job, 

and retirement benefits. Results from this research are thus not easily comparable even with 

previous research conducted in the United Kingdom or France, where studies have generally 

used the classifications of occupations provided by the Registrar General's in the United 

Kingdom and by INSEE (National Institute for Statistics and Economic Studies) in France 

(Leclerc et al., 1984; Davey Smith et al., 1997; Davey Smith et al., 1998b; Leclerc & 

Niedhammer, 2004). Other studies have also included inactive or non-employed individuals, 

excluded from both cohorts examined in this research by definition. For example, a study 

conducted on a permanent demographic sample of the French population (Saurel-Cubizolles 

et al., 2009) found greater inequalities in mortality by occupational class than those found in 

the GAZEL study (Relative Index of Inequality (RII=6.08 in men and 3.42 in women), but as 

the authors acknowledge, their results may have been driven by the high mortality observed 

among the professionally inactive participants (retired and non-employed)13. Despite the fact 

that a direct comparisons of the magnitude of social inequalities in mortality in the two 

cohorts with previous studies is problematic, results from this thesis support the existing 

evidence on the persistence of socioeconomic inequalities in mortality in Europe at the 

beginning of the twenty-first century (Mackenbach et al., 2008).  

In general, the association of socioeconomic position with mortality was stronger when 

measured through income than through occupational position, apart from cardiovascular 

mortality in Whitehall II. This result has been reported previously (Stronks et al., 1997; Geyer 

et al., 2000; Geyer et al., 2006), and it probably reflects the importance of material 

circumstances for mortality over other dimensions of socioeconomic position. Moreover, in 

both cohorts, income was measured at the household level, and as such, it might be influenced 
                                                 
13 The hazard ratio for all-cause mortality in the lowest versus the highest occupational category in GAZEL was 
2.27 (95%CI=1.93, 2.68), for both sexes combined. This estimate is not directly comparable to an RII estimate. 
Indeed, in GAZEL the association between socioeconomic position and mortality was estimated by entering 
socioeconomic position as a continuous variable into the Cox regression models; and results were given for the 
increased risk of death in the lowest versus the highest occupational category (see methods section, p.83).  
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by the income of other members of the family, while occupational position only refers to the 

participant. In particular, household income might differently capture the socioeconomic 

position of women, as it is likely to reflect, in part, the socioeconomic position of the 

husband. In sensitivity analyses stratified by sex (results not shown) the socioeconomic 

gradient in all-cause mortality among Whitehall II women was not significant at conventional 

levels when socioeconomic position was measured through occupation (HR=1.27; 95% 

CI=0.90, 1.80), but it was very strong when the proxy measure of income was used 

(HR=1.94; 95% CI=1.46, 2.58). This result supports the hypothesis that a proxy measure of 

material circumstances might differently capture the socioeconomic position of women, or 

that material circumstances versus social standing might exert different effects on men and 

women. Indeed, one previous study showed that when a measure of the general social 

advantage of the household was used, social inequalities in life expectancy were similar in 

men and women, while a measure based on occupational characteristics showed far less 

inequalities in women comparing with man (Sacker et al., 2000). In addition, it has to be 

noted that a proxy measure of material circumstances might measure something different 

from current income. For example, assets or wealth may have been inherited or acquired in a 

different time period, and might also be non-liquid and thus unavailable to pay for household 

expenses.  

IV.2.3 Specific limitations to the analysis of the association between socioeconomic 

position and mortality 

There are two general limitations concerning the analysis of the association between 

socioeconomic position and mortality in this study. First, as discussed earlier, it has to be 

considered that both cohorts are occupational cohorts and only include participants with stable 

jobs. This implies that the part of the population who suffered adverse socioeconomic 

circumstances in early life - thus leading to temporary jobs or chronic unemployment - is not 

represented in this research. The results are thus only generalizable to working populations 

with stable jobs. A second limitation relates to the lack of occupational gradient in cancer 

mortality in Whitehall II. As mentioned previously, pooling all cancers is not ideal for 

detecting social patterns in cancer. Social inequalities differ by cancer site (Menvielle & 

Kunst, 2008), with some of them showing a reverse gradient (higher survival among lower 

socioeconomic groups), which could cause different social patterns for different cancers to 

cancel each other out in a pooled analysis. Unfortunately, there was not sufficient statistical 

power to examine different cancer sites separately: for example, in Whitehall II there were 34 
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deaths for respiratory and intrathoracic organs cancers and 35 for breast cancer. In GAZEL, 

there were 186 deaths for respiratory and intrathoracic organs cancers and 25 for breast 

cancer. The greater number of deaths in GAZEL for respiratory and intrathoracic organs 

cancers, which are strongly associated to socioeconomic position, can explain why an 

occupational gradient in cancer mortality was evident in GAZEL but not in Whitehall II. 

Using standard assumptions and based on the population pattern of GAZEL, at least 66 

respiratory cancer deaths would be necessary in Whitehall II to have 80% power to detect an 

occupational gradient. 

Concerning specifically the analysis of the association between indicators of socioeconomic 

position in early life and mortality, there were several additional limitations. Pooling data 

from two cohorts increased power in the analysis, but the measures used in this research were 

not identical in the two populations. To allow comparison, broad categories have been used 

for the indicators of early-life socioeconomic circumstances. Given the size of the original 

cohorts, the GAZEL participants represented a much higher proportion (66%) of the study 

population. The French GAZEL population may therefore have influenced results more, even 

though the interaction terms did not suggest any differences between the cohorts. As 

mentioned previously, information on early-life circumstances was collected through 

retrospective assessments when participants were adults, potentially leading to an 

underestimation of the effect of father’s occupation on mortality. Other measurement 

limitations include the use of a self-reported measure of height in the GAZEL study. A 

previous study (Niedhammer et al., 2000) on the validity of self-reported height in the 

GAZEL cohort found that height was overestimated by approximately 0.40 cm. In the present 

research, height was used as a three-level categorical variable and it is unlikely that an 

overestimation of this order (0.40 cm) may have caused a significant bias in the estimations. 

A final limitation is that analyses on the association between measures of socioeconomic 

position in early life and mortality were based on only 82% of participants, because of 

missing data on father’s occupational position and education. However, as participants not 

included had, on average, a lower socioeconomic profile compared with included participants, 

their exclusion may have caused an underestimation of the absolute estimated associations. 

Concerning the analysis of the association between measures of socioeconomic position in 

adulthood and mortality, the main limitation is that, in Whitehall II, income was not available 

at study baseline and a proxy measure of material circumstances was used. This proxy 

measure was derived from information on accommodation type and car ownership. Previous 
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research has used similar measures as indicators of material factors (Carstairs et al., 1991; 

Townsend et al., 1991). The fact that in GAZEL income was measured through current 

income while in Whitehall II a proxy measure of material circumstances was used makes a 

comparison between the two cohorts difficult. The two variables are differently distributed in 

the two cohorts, with a very small proportion of Whitehall II participants being in the lower 

‘income’ category in Whitehall II and a very small proportion being in the highest category of 

income in GAZEL. Results might thus have been driven by the very high mortality rate in the 

lowest category of income in Whitehall II and the very low mortality rate in the highest 

category of income in GAZEL. This bias could have been avoided using a different 

methodology for assessing income inequalities in mortality, such as the Relative Index of 

Inequality (RII) which takes into account the distribution of participants across the 

socioeconomic categories. However, as the objective here was to replicate the analyses 

carried out for occupational position using a different indicator of socioeconomic position, the 

choice of using the same methodology for the two indicators was made. A final limitation 

relates to the fact that the measures of socioeconomic position in childhood and in adulthood 

were not examined together in the present research. This choice was made because comparing 

the relative importance for mortality of different indicators of socioeconomic position over 

the life course was not among the objectives of this thesis. However, it is clear that adult and 

childhood socioeconomic circumstances are related and that they contribute both separately 

and jointly to mortality, as it has been shown previously in both cohorts (Marmot et al., 2001; 

Singh-Manoux et al., 2004; Melchior et al., 2006).  

IV.3 Explanations for socioeconomic inequalities in mortality  

As mentioned in the introduction, different mechanisms have been proposed to explain social 

inequalities in health. Figure 9 (p.47) showed that these mechanisms are tightly 

interconnected, and it is therefore difficult to disentangle the effects of related factors. This 

thesis aimed to examine the role of two pathways, health behaviours and social support, in 

shaping socioeconomic inequalities in mortality in two different European cohorts. Although 

the two might be reciprocally related, they were examined separately with the aim of 

assessing their specific role in shaping socioeconomic inequalities in mortality. Further 

research accounting for the interconnections between the various factors on the causal chain 

leading from socioeconomic position to mortality is still needed, as discussed further in 

section IV.5. 
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IV.3.1 Health behaviours, socioeconomic position and mortality  

IV.3.1.1 Baseline versus longitudinal assessment of health behaviours in the Whitehall II 

study 

In the Whitehall II study, the contribution of health behaviours to the association between 

socioeconomic position and all-cause and cardiovascular mortality was examined comparing 

a baseline-only to a longitudinal assessment of health behaviours. Analyses based on repeated 

assessments of health behaviours through the follow-up showed them to explain a higher 

proportion of social inequalities in mortality than a baseline-only assessment.  

The unique feature of this research, compared with most previous studies, is the use of a 

bootstrap method to determine the degree of precision in the estimated attenuation of the 

association between socioeconomic position and mortality after adjustment for health 

behaviours. This method also allowed formal testing of the difference between the baseline 

and the longitudinal assessment of health behaviours. The reasons for increase in explanatory 

power of repeated measures of health behaviours may be twofold: first, as a result of better 

estimation of the association between socioeconomic position and health behaviours over 

time, and second as a result of better estimation of the association between health behaviours 

and mortality. For example, studies have shown that individuals from lower socioeconomic 

groups are more resistant to modify their unhealthy behaviours compared with their more 

advantaged counterparts (Winkleby et al., 1994; Sorensen et al., 2007). Other studies 

(Paffenbarger, Jr. et al., 1993; Andersen, 2004; Gronbaek et al., 2004; Byberg et al., 2009) 

have shown that changes in health behaviours over a follow-up period accounted for changes 

in the resulting association with health outcomes. Repeated assessment of health behaviours 

allowed such changes in individuals’ behaviours to be taken into account in this research. 

Of the four separate health behaviours, diet, physical activity and alcohol consumption had 

the greatest difference in explanatory power, when comparing the baseline and longitudinal 

assessments. In contrast, smoking did not contribute much to such differences, although using 

both models it was the main explanatory factor for the socioeconomic gradient in mortality. 

The prevalence of smoking decreased over time in the study sample. However, it is possible 

that the time lapse necessary for a change in smoking behaviour to affect mortality is longer 

than the available follow-up period. For some causes of mortality, such as coronary 

obstructive pulmonary disease or lung cancer (Godtfredsen et al., 2008; Kenfield et al., 2008) 

the follow-up period in this study would not be sufficient to modify the associated risks of 
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death, but for other causes, such as coronary heart disease (Kenfield et al., 2008), the 

increased risk of death associated with smoking has been found to decrease as soon as five 

years after smoking cessation. Despite decreasing prevalence at a population level, the social 

gradient in smoking remained similar over the follow-up period; this is discussed further in 

the next section. 

For all mortality outcomes, the explanatory power of diet and physical activity greatly 

increased when they were entered as time-dependent covariates. Overall, participants 

improved their dietary behaviours during the follow-up. However, in the highest 

socioeconomic group this change was more marked. Following an unhealthy diet at baseline 

was about 7 times more frequent in the low socioeconomic group, but there was a 10-fold 

difference between the socioeconomic groups at the end of the follow-up. Participants became 

less physically active in all socioeconomic groups over the follow-up, although the social 

patterning of physical inactivity decreased. Large socially patterned changes in alcohol 

consumption during the follow-up also took place. In conclusion, the increased contribution 

of health behaviours to social inequalities in mortality when assessed throughout the follow-

up seems to be due to a combined effect of individual behavioural changes that occurred 

during the study period and to overall changes in the social patterning of these behaviours 

across the follow-up.  

The difference between the baseline and repeated assessments estimates for the reduction in 

the association between socioeconomic position and mortality was much greater for all-cause 

mortality than for cardiovascular mortality, despite the fact that health behaviours are 

established risk factors for cardiovascular mortality (Stampfer et al., 2000; Chiuve et al., 

2006). It must be noted that comparing the percentage change in the baseline versus 

longitudinal measures is only meaningful within causes of mortality, rather than across causes 

of mortality. This is because estimation of the percent attenuation is dependent on the strength 

of the association between socioeconomic position and the specific cause of mortality being 

examined. The formula used “100 x (β Model 1 - β Model 1+ health behaviour(s))/(β Model 1)” shows this 

dependence on the β coefficient. 

IV.3.1.2 Health behaviours, socioeconomic position and mortality in the two cohorts  

This second part of the study aimed to compare the role of health behaviours in explaining 

socioeconomic differences in mortality in the British Whitehall II and the French GAZEL 
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cohorts. Results showed that health behaviours were important contributors of socioeconomic 

differences in mortality in the Whitehall II but not in the GAZEL study.  

Previous studies aimed at assessing the contribution of health-related behaviours to 

socioeconomic differences in mortality have found them to explain between 12% and 54% of 

the socioeconomic gradient (Pekkanen et al., 1995; Lantz et al., 1998; Schrijvers et al., 1999; 

van Oort et al., 2005; Laaksonen et al., 2008). A comparison of results from the present 

research to those of other studies on this topic is difficult because of important differences in 

the set of behaviours included, in the indicators of socioeconomic position used, and in the 

population studied. Furthermore, the calculation of percentage attenuation used here is 

conservative, since it uses the coefficients in the proportional hazards model (the log of the 

hazard ratios) in the calculation of the attenuation, to reflect the assumed linearity in the 

association between socioeconomic position and mortality (see details in the methods section, 

p. 85). Most previous papers used an alternative formula based on the excess hazards (100 x 

(HRModel1 - HR Model 1+ health behaviour(s)) / (HRModel1 - 1)). When this alternative formula was 

applied in our analyses, health behaviours explained 79% in Whitehall II and 32% in GAZEL 

of the association between occupational position and all-cause mortality. One advantage of 

the method used in the analysis presented here is that it calculates the attenuation in the 

gradient across socioeconomic groups, leading to an estimate of percentage attenuation that is 

not dependent upon the categories of socioeconomic position being compared. 

The finding of a greater contribution of health behaviours to occupational differences in 

mortality in the Whitehall II study, versus relatively little contribution in GAZEL, needs to be 

interpreted in view of the fact that, in the two cohorts, socioeconomic position and health 

behaviours strongly and similarly predicted mortality. Nevertheless, it appears that the nature 

of the causal pathway between socioeconomic position, health behaviours, and mortality is 

different in the two cohorts because of large differences in the social distribution of unhealthy 

behaviours. Indeed, relative and absolute inequalities across socioeconomic groups in 

smoking, following an unhealthy diet and being physically inactive were greater in the British 

Whitehall II than in the French GAZEL study, regardless of the measure of socioeconomic 

position used. This resulted in health behaviours being less important mediators of the 

socioeconomic position - mortality association in the GAZEL study compared with the 

Whitehall II study.  
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In the previous section, it was shown that a different study design leads to great differences in 

the estimated contribution of health behaviours to social inequalities in mortality. In the 

research presented here, longitudinal measures of health behaviours were used in both 

cohorts. There can be three additional explanations for the differences in the social patterning 

of unhealthy behaviours in the two cohorts. First, there can be cultural differences between 

the two countries. In Northern European regions, health behaviours have frequently been 

shown to be strongly socially patterned (Winkleby et al., 1990; Wagenknecht et al., 1990; 

Osler, 1993). In Southern European regions smoking, eating and drinking habits seem to be 

more related to cultural norms than to socioeconomic factors (Lopez et al., 1994; 

Trichopoulou et al., 1997; Trichopoulou et al., 2002) and weak or inexistent association with 

socioeconomic position are frequently reported (Graham, 1996; Cavelaars et al., 1997; Roos 

et al., 2001; Trichopoulou et al., 2002; Wagner et al., 2003; de Vogli et al., 2005). For 

example, one study conducted in France showed occupational position to have no effect on 

cigarette consumption (Chaix et al., 2004). North-south differences within countries have also 

been observed; in the GAZEL cohort the prevalence of obesity, hypercholesterolemia and 

hypertension is lower among participants living in Southern France (Tran et al., 1998). The 

reported north-south differences in the social patterning of unhealthy behaviours could in part 

be explained by cultural norms and traditions related to the adherence to the Mediterranean 

diet and moderate alcohol consumption (Cavelaars et al., 1997; Trichopoulou et al., 2002; 

Knoops et al., 2004; de Vogli et al., 2005; Huisman et al., 2005a; Mackenbach et al., 2008).  

Differences in the social distribution of unhealthy behaviours might alternatively be a product 

of the epidemiologic transition by which former “diseases of affluence” have become diseases 

of the poor in contemporary high-income societies, via changes in the population distribution 

of health behaviours such as eating fat-laden foods or smoking (Wilkinson, 1994; Reddy & 

Yusuf, 1998; Yusuf et al., 2001). However, this reversal in the social gradient in smoking, 

drinking and unhealthy eating may not have happened simultaneously in the two countries. 

Results on relative and absolute inequalities in smoking support the hypothesis that at study 

inception in the 1980s, France and Britain were at different stages of the smoking epidemic. 

At that time, Britain was at a stage where the prevalence of smoking had decreased 

substantially, particularly in the higher socioeconomic groups, and France was at a stage 

where the prevalence of smoking was still greater among higher socioeconomic groups. 

Contemporary studies conducted in Southern European regions either show smoking to be 

more common in the higher socioeconomic groups or report a weak (positive) socioeconomic 

gradient (Borrell et al., 2000; Cavelaars et al., 2000; Huisman et al., 2005a). If differences in 
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the social distribution of unhealthy behaviours between the two cohorts are attributable to the 

different stages of the epidemiologic transition in these two countries, it is possible that as the 

transition of these behaviours from higher to lower socioeconomic groups occurs in France, 

similar patterns in social inequalities in behaviours will emerge. The final explanation relates 

to the fact that country-specific factors such as price of commodities, bans on smoking, 

welfare policies, health- promoting policies, taxes, or other factors likely to have an effect on 

behaviours may, in turn, influence the social distribution of behaviours in the population.  

IV.3.2 Social support, socioeconomic position and mortality in the two cohorts 

This study aimed at quantifying the contribution of social support, measured through network 

size, marital status and social participation, to socioeconomic differences in all-cause, 

cardiovascular and cancer mortality in the Whitehall II and the GAZEL studies. Social 

support is hypothesised to affect health mainly through providing resources that can be used 

to avoid the risk of disease, minimize its consequences, or influencing health-promoting or 

health-damaging behaviours (Berkman, 1984). In addition, social support might have a direct 

effect on a range of physiologic systems such as immune, neuroendocrine, and cardiovascular 

activity (Seeman, 1996). In the research presented here, only structural measures of social 

support were considered. Not being married or cohabiting was an important predictor of all-

cause and cardiovascular mortality in both cohorts. Many previous studies in this area had 

been based on the elderly or general population settings where individuals in ‘marginal’ social 

positions could be driving the association of marital status with mortality (Shurtleff, 1955; Hu 

& Goldman, 1990; Manzoli et al., 2007). These results show the same pattern in two 

populations of employed individuals with stable jobs, across a wide age range (from 34 to 56 

years at study entry), and they add to the evidence that marital status is an important risk 

factor for mortality. Overall, marital status more strongly and more consistently predicted 

mortality than the other indicators of social support examined, network size and social 

participation. This has been reported previously (House et al., 1982; Schoenbach et al., 1986; 

Seeman et al., 1987; Rutledge et al., 2003). Some studies have suggested that the association 

of marital status with mortality may differ between the subsets of non-married individuals 

(never married, separated or divorced, widowed) (Hu et al., 1990; Mendes de Leon et al., 

1992; Ben-Shlomo et al., 1993). For example, Ben-Shlomo found that, in the original 

Whitehall study, widowed men were more likely to die from ischaemic heart disease while 

divorced men had a greater risk of cancer mortality (Ben-Shlomo et al., 1993). In this thesis, 
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the majority of participants in both cohorts were married; analyses lacked of power to 

examine the different non-married groups separately.  

In the Whitehall II study but not in GAZEL, social participation and network size were also 

associated with mortality. It has been argued that while there are cross-cultural similarities in 

the relationship between marital status and health, there might be cultural differences in the 

effect of other types of social supports on health and well-being (Diener et al., 2000; Taylor et 

al., 2007). However, studies often refer to differences between collectivist and individualistic 

cultures (such as Asian versus Western cultures), but no study has thus far examined the 

existence of cultural differences in relation to the health impact of social support between two 

Western countries. Another possible explanation for the differences between the two cohorts 

in the association of social participation and network size with mortality is related to the fact 

that the Whitehall II study included, at baseline, individuals living only in London while 

GAZEL participants were recruited in all the regions of France, both urban and rural. It has 

been previously suggested that the association between social support and mortality might be 

stronger in urban communities than in non-urban settings (House et al., 1988b). In a previous 

study conducted on the GAZEL cohort (Berkman et al., 2004), social integration was found to 

be a strong predictor of mortality. However, that study used a composite measure of social 

integration, the Berkman-Syme Social Network Index (Berkman et al., 1979), which 

combines together the different measures of social support used in this thesis: marital status, 

network size, and affiliation with voluntary associations. Thus, in Berkman’s study results 

might have been driven by the effect of marital status. Moreover, the follow-up for mortality 

in that study was shorter than in the analysis presented here. 

Previous research has shown structural measures of social support to be associated with 

socioeconomic position, with individuals in higher socioeconomic groups generally 

experiencing greater social support (House et al., 1988b; Marmot et al., 1998; Rosengren et 

al., 1998; Taylor et al., 1999; Geckova et al., 2003; Weyers et al., 2008). Results presented 

here support the hypothesis that social participation and being married are more common in 

the higher socioeconomic groups. However, in both cohorts at baseline and only in GAZEL at 

last follow-up, participants from the lowest occupational group had a higher network size than 

those in the highest group. This might be because the measure of network size was a 

composite measure of contacts with both friend and relatives, and it is possible that these two 

components are differently socially patterned. In GAZEL, it was not possible to separate the 

two. In Whitehall II, at baseline, participants from the highest socioeconomic group tended to 
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have more contacts with friends than participants from the lowest socioeconomic group, but 

the latter had more contacts with relatives. At last follow-up, participants from the highest 

socioeconomic group had more contacts with both friends and relatives. However, separating 

friends and relatives in the network size variable did not make substantial differences in 

subsequent analyses. Furthermore, when income was used as an indicator of socioeconomic 

position, the finding that low network size was more common among the highest 

socioeconomic group was still evident in GAZEL but not in the Whitehall II study.  

Very few studies have examined the mediating role of social support in the association 

between socioeconomic position and health, and those that have done so have produced 

inconsistent results (Liu et al., 1998; Wamala et al., 1999; Alter et al., 2006; Avendano et al., 

2006; Gorman et al., 2007; Kuper et al., 2007). Some studies found no evidence that social 

support contributes to the association between socioeconomic position and mortality after 

acute myocardial infarction (Alter et al., 2006), self-rated health or hypertension (Gorman et 

al., 2007), and stroke risk (Kuper et al., 2007). Instead, Avendano et al. (Avendano et al., 

2006) and Liu et al. (Liu et al., 1998) both found social integration to contribute to about a 

third of the socioeconomic gradient in stroke risk and mortality, respectively. In this study, 

structural measures of social support explained, overall, about 20% of the occupational 

gradient in all-cause and cardiovascular mortality in Whitehall II, and 4% and 7% 

respectively in GAZEL. However, in both cohorts most of the attenuation occurred after 

adjustment for marital status. To my knowledge, no previous study has examined the 

independent contribution of marital status to socioeconomic differences in mortality, and thus 

these results cannot be compared to other studies.  

The contribution of marital status to income differences in all-cause and cardiovascular 

mortality was much greater than its contribution to occupational grade differences. This is 

related to the fact that the social patterning of marital status was steeper for income than for 

occupation in both cohorts. This might be because in both cohorts income, unlike 

occupational position, was an indicator of socioeconomic position at the household level. It is 

not surprising that owning a car and living in a privately owned accommodation (in Whitehall 

II) or having a higher household income (in GAZEL) is more common among married 

individuals than among individuals living alone. The strong correlation between being 

married and having a high household income might thus confound these associations.  
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In both cohorts, social participation and network size contributed very little to socioeconomic 

differences in all-cause and cause-specific mortality. In GAZEL, this finding should be 

interpreted in light of the fact that marital status was the only measure of social support 

consistently associated with mortality. In Whitehall II, network size and social participation 

were also related to mortality but did not contribute much to the socioeconomic gradient in 

mortality. This is in contrast with two other studies (Liu et al., 1998; Avendano et al., 2006) 

showing social relationships and social networks to explain a great proportion of educational 

or income differences in stroke incidence or mortality. However, the study by Liu et al., 

which used mortality as the health outcome, was conducted on a Taiwanese population and, 

as previously discussed, cultural differences in the health impact of social support might exist 

between Asian and Western populations (Diener et al., 2000; Taylor et al., 2007). In general, 

this thesis does not support the hypothesis of an important role of social support in shaping 

social inequalities in mortality. This is discussed further in section IV.4.2. 

In interpreting the differences between the two cohorts in the contribution of structural 

measures of social support to the socioeconomic gradient in mortality, one must consider that, 

although in both cohorts participants from the lowest occupational group were less likely to 

be married or cohabiting, the social patterning of marital status was much weaker in GAZEL 

than in Whitehall II. Concerning health behaviours, there is a relatively large literature on 

their social distribution in various countries, allowing a comparison to be made with the 

findings from this research. Concerning social support, one study compared the association 

between emotional support and education in 22 European countries and found large 

differences in the social patterning of this measure across countries (von dem Knesebeck & 

Geyer, 2007). However, the social patterning of structural measures of social support has not 

been examined previously in comparative research. Thus, it is possible that the finding of a 

stronger association between socioeconomic position and marital status in the Whitehall II 

study comparing to the GAZEL study is a peculiarity of the two populations examined and 

not representative of a larger cross-cultural phenomenon.  

A final consideration concerning marital status and health should be given to the ‘selection 

into marriage’ effect (Goldman, 1993), which posits that healthier individuals are more likely 

to get married than individuals in poor health. As health status is also associated with 

socioeconomic position, this could at the same time explain the association of marital status 

with mortality and the contribution of marital status to socioeconomic inequalities in 

mortality. This study does not allow teasing apart the selection into marriage effect, as 
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participants were recruited in the studies in middle age, when marriage had probably already 

occurred. However, the fact that marital status more strongly predicted mortality and 

contributed more greatly to socioeconomic differences in mortality when it was assessed 

longitudinally over the follow-up (in Whitehall II for example, the contribution of marital 

status to the occupational gradient in all-cause mortality was 8% when assessed at baseline 

only versus 13% when it was assessed repeatedly) suggests that changes in marital status 

occurred after marriage, such as widowhood or divorce, are also likely to have an effect on 

health. This phenomenon has been documented in other populations (Fenwick & Barresi, 

1981; Strohschein et al., 2005). Finally, there is no evidence to suggest that the selection into 

marriage effect could play a greater role in the Whitehall II than in the GAZEL study. Thus, it 

is unlikely to explain the different contribution of marital status to socioeconomic differences 

in mortality in the two cohorts.  

In analyses stratified by sex, gender differences were observed in the social patterning of 

marital status, in that men in the highest occupational category were more likely and women 

in the highest occupational category less likely to be married or cohabiting than those in the 

lowest occupational category. This pattern has been reported previously (Koskinen & 

Martelin, 1994) and it might be related to the challenge of reconciling work responsibilities 

and personal life among women in higher socioeconomic positions. This interpretation is 

supported by analyses indicating that, in both cohorts and both sexes, when the social 

patterning of marital status was considered using income as an indicator of socioeconomic 

position, participants in the lowest income category were less likely to be married or 

cohabiting than those in the highest income category. As income was an indicator of 

socioeconomic position at the household level in both cohorts, it is clear that individuals in 

single-earner households (a category that encompasses unmarried and non-cohabitating 

individuals) by definition have lower potential or actual household income than married or 

cohabitating individuals. In Whitehall II, another factor which could explain the fact that 

women in the highest occupational group were less likely to be married is the existence, in the 

United Kingdom, of a ‘marriage bar’ rule that until the late 1960s- early 1970s forced women 

civil servants to resign if they got married (Blake, 2003). This meant that married women 

were unlikely to be in the civil service long enough to be promoted into the higher grades; by 

the time Whitehall II participants were recruited in 1985, the women in managerial positions 

were a group that had explicitly selected out of marriage during their early careers. Results on 

women in Whitehall II might thus not be generalizable to the general population of working 

women. 
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IV.3.3 Specific limitations to the analysis of the contribution of health behaviours 

and social support to the socioeconomic gradient in mortality 

There are several important limitations to the analysis of the role of health behaviours and 

social support in explaining socioeconomic differences in mortality. First, it is important to 

consider that this research precludes drawing of conclusions regarding the relative importance 

of these two pathways in relation to the other factors on the causal chain between 

socioeconomic position and health, as these were not analysed in the present research. A 

second issue is related to the fact that comparative research requires some compromises in the 

quality of the measures. Although finer categorization of health behaviours and of measures 

of social support was available in the two cohorts, simple categories and measures were used 

to allow comparison between the two cohorts. Use of “gold standard” or criterion measures of 

behaviours - such as nicotine/cotinine urine test for smoking, actigraph or more detailed 

questions for physical activity, food frequency questionnaires for dietary patterns, or more 

precise measures of social support - might have led to more precise and accurate estimates of 

their contribution to socioeconomic inequalities in mortality. For example, to allow a better 

comparability between the two cohorts and because of the large number of missing values on 

the questions on former smoking, smoking was coded in two categories (current and non-

current smokers) with the category ‘non-current smokers’ comprising former smokers. As 

there are socioeconomic differences in quitting smoking, the impact of social inequalities in 

smoking on social inequalities in mortality might have been underestimated. Such 

measurement error could additionally bias our results if it was more marked in one cohort 

versus the other, for example in GAZEL versus Whitehall II. This would result in an 

underestimation of the percent of variation attributed to health behaviours or social support in 

GAZEL. However, in this case the association between health behaviours or measures of 

social support and mortality would also be underestimated. As the association between health 

behaviours and mortality was similar in the two cohorts, measurement error alone cannot 

explain the results. Thus, it seems unlikely that the biases described above would have been 

of a magnitude that could wholly explain the observed differences in the percentage of 

mortality explained by health behaviours in the two cohorts. However, the association of 

measures of social support with mortality was different in the two cohorts; measurement error 

can thus potentially explain part of the observed differences in the percentage attenuation of 

the socioeconomic gradient in mortality due to social support in the two cohorts. Another 

limitation related to the measures is that both health behaviours and social support are not 

objective measures, but rather were self-reported. Under-reporting of unhealthy behaviours, 
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network size and social participation cannot be excluded, and moreover such misreporting 

may be dependent on personality traits or characteristics of the respondents that are also 

related to health (Stansfeld & Marmot, 1992). Finally, functional measures of social support 

were available in the Whitehall II but not in GAZEL and only structural measures were thus 

examined in the thesis.  

A third limitation relates to the fact that it is possible that changes in health behaviours and 

social support over time are due to changes in health status. This would introduce a reverse 

causation bias that would influence the association between health behaviours or measures of 

social support and mortality. The analyses reported here do not allow teasing apart of the 

precise sequence of events that led to the association between socioeconomic position, health 

behaviours or social support, and mortality. However, analyses adjusted for self-rated health, 

assessed longitudinally over the follow-up yielded similar results to those presented in main 

analyses, suggesting that reverse or reciprocal causation was not entirely responsible for the 

observed effect.  

A fourth issue relates to missing values. When information was not available at a given phase 

or time-window, data from the prior phase or time-window were used. Between 11% and 21% 

of participants in Whitehall II and between 12% and 29% of participants in GAZEL, 

depending on the phase or year, had at least one missing value replaced for health behaviours 

or measures of social support. An imputation procedure was used, as a ‘complete-case’ 

approach in proportional hazards regression models has been shown to be inappropriate when 

data are not missing at random (Demissie et al., 2003). Several sensitivity analyses were 

carried out to assess the impact of missing data on the results. Results from these analyses 

were very similar to those presented in main analysis, suggesting that missing data are 

unlikely to have consistently or systematically biased the findings of this research. Finally, 

health behaviours and measures of social support were measured longitudinally over the study 

period, but the measures of socioeconomic position were drawn from the baseline of the 

study. This choice was made in order to obtain an estimation of the contribution of health 

behaviours and social support to socioeconomic differences in mortality, which would not 

have been possible if socioeconomic position was allowed to vary over time. However, this 

precludes analysis of the role of changing socioeconomic position on the observed 

relationships between health behaviours, social support, and mortality. 
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IV.4 General Discussion 

IV.4.1 Strengths and limitations of the study 

This research has several strengths. First, it was based on data from two large European 

cohorts including men and women of approximately the same age-range (35-55 years at study 

inception), who were followed up for over 20 years. Second, the long follow-up for mortality 

in these aging cohorts meant that enough deaths had occurred to sufficiently power analyses 

of both all-cause and cause specific-mortality outcomes. Third, both cohorts were established 

with the aim of examining socioeconomic/occupational inequalities in health, and various 

indicators of socioeconomic position were thus available. Fourth, pooling data from the two 

cohorts in the first part of the analysis made possible to examine the association of early-life 

socioeconomic circumstances with all-cause and cause-specific mortality in a population of 

over 25 000 individuals, which would not have been possible in a smaller sample. Fifth, in the 

second part of the analysis it was possible to compare the contribution of health behaviours 

and measures of social support to socioeconomic inequalities in all-cause and cause-specific 

mortality in the two cohorts, using a similar categorisation of the exposure variables and an 

identical analytical strategy. This eliminated some of the methodological differences that have 

made it difficult to draw comparisons in previous studies. Sixth, unlike most previous studies, 

health behaviours and measures of social support have been assessed repeatedly over the 

follow-up. Although the use of time-varying covariates does not allow the cumulative effect 

of health behaviours and social support to be taken into account, the changes in health 

behaviours and social support thought the over 20-year follow-up period are better modelled 

than with the use of single baseline measures. Finally, and unlike most previous studies, a 

confidence interval for the effect of health behaviours and of measures of social support in 

explaining the socioeconomic gradient in mortality was provided, allowing to add a degree of 

precision around the estimate of the attenuations, that are often expressed simply as a 

percentage.  

This research also has important limitations. Those concerning the specific findings of this 

thesis have been described in the individual sections. In this paragraph, three general 

limitations are discussed. The first concerns the representativeness of the two cohorts with 

respect to the general population. Both are occupational cohorts and the study design excludes 

those who are unemployed, homemakers, or have temporary jobs. In both cohorts the 

proportion of participants holding a university degree is similar to that of the respective 
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general populations, but participants with only primary education are underrepresented 

(OECD, 2009). The mean annual income per household in GAZEL at baseline (1989) was 

similar to the national figure the same year (INSEE, 2010), while in Whitehall II household 

total yearly income (collected in 1997/99) was greater than the average equivalised disposable 

household income in the United Kingdom. As both cohorts represent a relative advantaged 

fraction of the population, analyses of socioeconomic differences in mortality, either using 

early-life or adulthood socioeconomic indicators, are likely to be underestimated in this study 

(Martikainen & Valkonen, 1999). However, in analyses aimed at understanding the role of 

health behaviours or measures of social support in creating socioeconomic differences in 

mortality, the crucial issue is not whether the socioeconomic distribution in the two cohorts is 

comparable to that in the general population, but rather whether the social patterning of health 

behaviours or measures of social support in these cohorts is generalizable to the British and 

French populations. On this question, regarding health behaviours there is evidence from 

other studies showing a strong social patterning in health behaviours in Northern European 

regions including Britain, but not in the Southern European countries such as France 

(Cavelaars et al., 1997; Chaix & Chauvin, 2003; Leclerc et al., 2004; Chaix et al., 2004; 

Office for National Statistics, 2005; Policy Research Programme & Department of Health, 

2007; Office for National Statistics, 2008b; Menvielle et al., 2009). Cultural differences in the 

impact of social support on health have also been shown (Taylor et al., 2007), but there is a 

lack of research exploring socioeconomic differences in indicators of social support in 

different countries. Thus, it is possible that the observed differences in the social patterning of 

social support in the two cohorts are a peculiarity of the two populations examined. 

The second general limitation relates to the fact that this thesis only examined two of the 

various pathways on the causal chain between socioeconomic position and health, namely 

health behaviours and social support. As a consequence, this thesis cannot comment on the 

relative importance of health behaviours or social support in relation to other mediators of the 

socioeconomic position-mortality association. Moreover, the two pathways were examined 

separately. Research has often suggested that part of the contribution of social support might 

be mediated through health behaviours (Berkman, 1984; Umberson, 1987; House et al., 

1988b), but this thesis cannot comment on the interconnections between the two pathways 

examined. Finally, it has to be considered that this thesis only examined all-cause and cause-

specific mortality. Thus, results might not be generalizable to other health outcomes. 

 



 

 151

IV.4.2 Discussion of the main findings 

Previous research examined and compared different measures of socioeconomic position in 

adulthood in their association with health outcomes (Geyer et al., 2000; Daly et al., 2002; 

Naess et al., 2005; Geyer et al., 2006). Most studies concluded that each indicator probably 

captures a different dimension of socioeconomic position and therefore the various markers 

should not be used as if they were interchangeable, but rather accordingly to the specific 

research question explored. Despite the fact that a large number of different indicators of 

socioeconomic circumstances in early life have been used in examining the association of 

socioeconomic position in childhood with adult mortality (Galobardes et al., 2004), there is a 

lack of research comparing the various markers in their association with health. In this 

research, three indicators of socioeconomic circumstances in early life, father’s occupational 

position, education, and height, were compared in their association with all-cause and cause-

specific mortality. Results showed that the three indicators were differently (and for education 

and height independently) associated with mortality, and that this association depended on the 

specific mortality outcome considered. This implies that indicators of socioeconomic 

circumstances in early life might capture different aspects of socioeconomic conditions and, 

as is true for the indicators of socioeconomic position in adulthood, should not be used as if 

they were interchangeable. 

Another important finding of this study is the U-shaped association between height and 

mortality, observed for all mortality outcomes examined except coronary heart disease 

mortality. The finding from this research of a greater risk of mortality from cardiovascular 

disease among the taller-than-average individuals, and of cancer among the shorter-than-

average is relatively new in the literature. It has been suggested that the association between 

short stature and mortality is driven by living conditions in early life while the association 

between greater stature and mortality is probably explained by other non-social mechanisms. 

Therefore, height can be a misleading indicator of early-life socioeconomic circumstances 

when used to predict mortality.  

As discussed earlier, various interconnected pathways have been proposed to explain social 

differences in health (Townsend et al., 1992; Kaplan et al., 1996; Marmot & Wilkinson, 1999; 

Bartley, 2004). This thesis examined the role of two of those pathways, health behaviours and 

social support, in the association between socioeconomic position and mortality. One of the 

main findings was that, in the Whitehall II study, health behaviours contributed to a large 
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proportion of socioeconomic differences in mortality. This result is particularly important as, 

in the literature, behavioural factors were not considered major determinants of 

socioeconomic inequalities in health (Rose et al., 1981; Marmot et al., 1984; Lynch et al., 

2006). This study, unlike previous studies in this field, used repeated measures of health 

behaviours over the follow-up, thus allowing for changes in health behaviours over the 

follow-up to be taken into account. The role of health behaviours in explaining socioeconomic 

inequalities in mortality might thus have been underestimated in previous studies, as also 

suggested by Lynch and colleagues (Lynch et al., 2006).  

Another noteworthy finding of this research is that health behaviours explained most of the 

association between socioeconomic position and mortality in the Whitehall II study, but 

contributed little in the GAZEL study, as the social patterning of these behaviours was much 

weaker in this cohort. Possible explanations for the differences in the social distribution of 

health behaviours in the two cohorts/countries have been discussed earlier. As socioeconomic 

differences in mortality in the two cohorts were of the same magnitude, other factors are 

likely to play an important role in the socioeconomic position-mortality association in 

GAZEL. In this thesis, the role of social support in explaining socioeconomic differences in 

mortality was also examined. Results showed structural measures of social support to 

contribute to about 20% of social inequalities in all-cause mortality in Whitehall II and to 

only 4% in GAZEL. Once again, the social patterning of marital status was stronger in the 

Whitehall II study than in the GAZEL study, which helps explain the difference in its 

contribution to the socioeconomic gradient in mortality in the two cohorts. Other possible 

mechanisms through which socioeconomic position has an impact on health are material 

deprivation or financial insecurity, the workplace physical, ergonomic, biological, and 

chemical environment, or work-related psychosocial factors such as job control, job demands 

or the the balance between effort and reward (Siegrist, 1996; Marmot et al., 1997a; Lynch et 

al., 1997a; Lynch et al., 2000; Ferrie et al., 2003; Borrell et al., 2004; Hemstrom, 2005; 

Melchior et al., 2005; Rahkonen et al., 2006; Niedhammer et al., 2008; Bambra et al., 2009; 

Kaikkonen et al., 2009; Aldabe et al., 2010; Clougherty et al., 2010; Matthews et al., 2010). It 

is possible that these factors are more relevant in GAZEL than in the Whitehall II study, or 

that they are mediated through health behaviours in the Whitehall II study but not in GAZEL. 

Moreover, GAZEL includes both blue- and white-collar workers; it is therefore possible that 

physical occupational hazards and working conditions contribute more to socioeconomic 

differences in health in this cohort (Schrijvers et al., 1998; Melchior et al., 2005). However, 

restricting the analysis in GAZEL to only the white-collar workers did not appreciably change 
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the results. Differential access to health-care is another possible pathway through which 

socioeconomic position may have an impact on health. This mechanism has been scarcely 

explored in European countries with universal health-care systems, but recent research has 

shown that great differences in access to health-care exist even in these countries, especially 

concerning access to specialized services (Hanratty et al., 2007; INSEE, 2007). One previous 

study compared inequalities in access to primary care in 13 European countries and found 

them to be greater in France than in England (Or et al., 2008). Thus, it is possible that this 

mechanism plays a more important role in GAZEL than in Whitehall II. 

A further notable finding of this research was that of the three structural measures of social 

support examined - network size, social participation, and marital status - only the latter 

contributed significantly to socioeconomic differences in mortality in both cohorts. In the 

1970s, Cassel was one of the first authors to propose that the social environment, including 

social participation and social connectedness, was a crucial explanation for differences in the 

distribution of diseases within society (Cassel, 1976; Krieger, 2001). More recently, 

researchers have suggested that the social capital (“social connections and the attendant norms 

and trust” (Putnam, 1995) p.665) and social cohesion could potentially explain the reported 

association between income inequality and life expectancy at the state or community-levels 

(Wilkinson, 1992; Kawachi et al., 1997). Although both the link between income inequality 

and life expectancy and the potential role of social capital in explaining this link have been 

strongly questioned (Lynch et al., 2000; Lynch et al., 2001; Pearce et al., 2003), Link and 

Phelan have suggested that social capital, and at the individual level social support and social 

networks, might be the “fundamental cause” underlying social inequalities in health (Link et 

al., 1997). Much of the research on the link between social capital and health and on the role 

of social capital in producing social inequalities in health has been conducted at the state or 

community level (Kawachi et al., 1997; Kawachi & Kennedy, 1997). At the individual level, 

one previous study has attempted to empirically assess the contribution of social capital to 

socioeconomic differences in self-rated health and longstanding illness, and found the 

mediating role of social capital to be negligible (Dahl & Malmberg-Heimonen, 2010). Other 

studies, discussed previously, have examined the role of social networks, social participation, 

and social support in explaining socioeconomic differences health (Liu et al., 1998; Wamala 

et al., 1999; Alter et al., 2006; Avendano et al., 2006; Gorman et al., 2007; Kuper et al., 

2007). Only two of these studies (Liu et al., 1998; Avendano et al., 2006) produced some 

evidence for a contribution of structural measures of social support, the individual-level 

correspondents of social capital (Pearce et al., 2003), in explaining social inequalities. This 
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thesis, using data from two large European cohorts, adds to the evidence that social networks 

and social participation might not be important determinants of socioeconomic differences in 

health, at least at the individual-level.  

IV.4.3 Implications of the main findings for public health research 

Results of a different predictive ability for mortality of the three indicators of socioeconomic 

circumstances in early life examined in this thesis imply that the three indicators should not 

be used as if they were interchangeable. Height in particular had a U-shaped association with 

all-cause, cancer and cardiovascular mortality, a finding that is relatively new in the literature. 

In the discussion, it has been detailed that the mechanisms underlying the height-mortality 

association remain poorly understood and further research on this topic is thus needed. 

Moreover, there is a lack of studies examining the impact of early-life socioeconomic 

circumstances on adult health in France or other Southern European countries. Another 

straightforward implication of this research derives from the finding that, in the Whitehall II, 

health behaviours explained a greater proportion of socioeconomic differences in mortality 

when they were assessed longitudinally over the follow-up rather than with a baseline-only 

measurement. Future research examining the contributions of potentially time-varying 

predictors of social inequalities in health should account for the changes of these mediating 

factors over the follow-up. 

This research further suggests that the causal chain leading from socioeconomic position to 

mediating factors to mortality differs across the two cohorts. As suggested previously, it is 

possible that cultural or sociocultural factors and traditions influence the ways in which 

differences in health are shaped between countries. Culture influences the way people think 

and behave, and as such it can have an impact on the way beliefs and behaviours are 

distributed within society. A crucial implication of the findings of this research is that a 

cultural perspective is needed in the study of socioeconomic differences within and between 

countries.  

It has also been suggested that the two countries might be at a different stage of the 

epidemiological transition. The epidemiological transition theory (Omran, 2001) suggests that 

socioeconomic inequalities in health (and the mechanisms underlying them) change across the 

stages of the transition; these changes might happen at a different rate in different contexts. 

Explanations for socioeconomic differences in health might thus not only change across 

countries because of cultural differences, but also within countries during concurrent periods. 
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For example, studies from low- and middle-income countries have shown that the association 

between social factors and health differs depending on the country’s stage of economic 

development (Reddy et al., 1998; Chang et al., 2002; Reddy & Katan, 2004). A positive 

association between socioeconomic position and cardiovascular disease is observed at the 

beginning of the disease’s epidemics, but the socioeconomic gradient reverses as the 

epidemics progress (Yusuf et al., 2001). The fact that the social pattern of diseases changes, 

and by extension that its underlying mechanisms are different in different contexts implies 

that further comparative research (in different geographical areas and over time) is needed in 

order to better understand the common and unique determinants of socioeconomic 

inequalities in health. 

The finding that different mechanisms for social inequalities in health might be relevant in 

two neighbouring European countries brings us back to the fundamental causes theory of 

social inequalities in health proposed by Link & Phelan (Link & Phelan, 1996). In a way, this 

thesis supports Link & Phelan’s view that socioeconomic position causes health regardless of 

the mechanisms that at any given time or in any given context link socioeconomic position to 

health. This point has important implications for public health research. In low- and middle-

income countries a dramatic change in disease patterns is now taking place, with chronic 

diseases accounting for an increasing proportion of the total burden of disease compared with 

infectious diseases (Reddy et al., 1998). It is likely that social factors will play an increasingly 

strong role in the distribution of diseases within these societies, where most of the world’s 

population lives. Moreover, as discussed earlier, there is evidence to suggest that social 

inequalities in health are increasing even in high-income countries. In the past decades, 

research on the mechanism underlying the socioeconomic position-health association 

(including this thesis’s research) has primarily focused on the intermediate pathways (Marmot 

et al., 1997a; Lynch et al., 1997a; Lynch et al., 2000; Ferrie et al., 2003; Borrell et al., 2004; 

Hemstrom, 2005; Melchior et al., 2005; Rahkonen et al., 2006; Niedhammer et al., 2008; 

Bambra et al., 2009; Kaikkonen et al., 2009; Aldabe et al., 2010; Clougherty et al., 2010; 

Matthews et al., 2010), with some exceptions (Link et al., 1995; Gottfredson, 2004; Krieger, 

2005). Of course, understanding of the specific mechanisms explaining socioeconomic 

differences in health in a specific context remains essential, as it is necessary for designing 

public health interventions to address social inequalities. However, as also noted by Kaplan 

(Kaplan, 2006), it is important to keep in mind that even if it was possible to identify all the 

intermediate mechanisms that explain the association between socioeconomic position and 

health, we would still need to understand why these factors are distributed differently among 



 

 156

the socioeconomic groups. In other words, we would still need understand the ‘cause of the 

causes’(Rose, 1985). Results from this research of different mechanisms playing a role on 

social inequalities in health in two neighbouring European countries support the argument 

(Krieger, 1994; House, 2002) that it is important (and urgent) that public health researchers 

shift the focus from the intermediate pathways to the fundamental causes of social inequalities 

in health.  

IV.4.4 Implications of the main findings for public health policy 

Although giving recommendations for public health policy was not among the objectives of 

this thesis, in this section some possible implications of the main finding are discussed. The 

fact that health behaviours were strong predictors of mortality in the two cohorts suggests that 

population health could be improved by targeting these behaviours irrespective of the cultural 

context. Moreover, this study suggests that health behaviours may contribute to a substantial 

part of social inequalities in mortality when they are strongly socially patterned, as in the 

Whitehall II study. On the one hand, this implies that health policies and interventions 

focusing on individual unhealthy behaviours have the potential not only to increase the 

population’s health but also to substantially reduce inequalities in health. On the other hand, it 

is clear that if health behaviours are socially patterned and determined, for example, by 

financial factors (Schrijvers et al., 1999; van Oort et al., 2005), the capacity to respond to 

health education messages (Macintyre, 2000; Purslow et al., 2008), or the environment in 

which they live (Macintyre et al., 1993), population-wide interventions aimed at improving 

the population’s health may contribute to increases in social inequalities in health. This could 

be avoided by adopting structural prevention strategies (working through structural changes in 

the environment) instead of ‘agentic’ prevention strategies (relying on individuals’ ability to 

change their behaviours) to reduce social inequalities in health (Lynch, 2008; Capewell & 

Graham, 2010). Finally, results suggest that policies specifically targeting unhealthy 

behaviours in more socially disadvantaged groups would potentially lead to decreases in 

social inequalities in health in the Whitehall II cohort but not in the GAZEL cohort, as health 

behaviours are not major mediators of the socioeconomic position-health association in 

GAZEL. The large differences between the two cohorts regarding the role of health 

behaviours in explaining the socioeconomic position-mortality association further suggest that 

policies specifically aimed at reducing social inequalities in health need to be based on a 

better understanding of the mechanisms that link socioeconomic factors to health. In 

particular, cultural differences and characteristics specific to the context need to be taken into 
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account, as they are likely to play a role in the social distribution of unhealthy behaviours 

within a given population. 

Structural measures of social support were also examined as potential mechanisms underlying 

socioeconomic differences in health. Marital status was recognized as important risk factor 

for mortality and it also contributed to socioeconomic differences in mortality, income 

differences in mortality in particular. Although material and psychological pathways were not 

examined in this research, it is possible that the role of marital status in predicting mortality 

and in explaining socioeconomic differences in mortality is related to the economic and 

emotional advantages of being married (or to the financial insecurity or lack of emotional 

support related to living alone). The material and psychological drawbacks of living alone 

should be considered when designing public health intervention to improve the population’s 

health, as social isolation is likely to affect more people from lower socioeconomic groups. 

The importance of addressing social isolation in order to reduce social inequalities in health 

has been clearly recognised by the authors of the Marmot Review (Marmot et al., 2010b). 

However, this thesis suggests that social participation and social networks (that at the 

community level are frequently referred as ‘social capital’) might not be primary contributors 

to social inequalities in mortality. To date, very few studies have attempted to evaluate the 

contribution of social support to social inequalities in health. If results from this research are 

confirmed by other studies, it would imply that other factors should be prioritized in public 

health policies aimed at improving the population’s health and reducing social inequalities in 

health. 

IV.5 Perspectives  

This thesis examined the contribution of two sets of factors, health behaviours and structural 

measures of social support, in explaining socioeconomic differences in all-cause and cause-

specific mortality. As discussed previously, the different factors on the causal chain between 

socioeconomic position and mortality are tightly interconnected. It has been frequently 

suggested that part of the effect of social support on health is mediated thought health-related 

behaviours (Berkman, 1984; Umberson, 1987; House et al., 1988b). It is thus possible that 

part of the contribution of social support to socioeconomic differences in health is indirectly 

through health behaviours. This research does not allow conclusions to be drawn on the 

relative importance of the two pathways for socioeconomic inequalities in mortality, as health 

behaviours and social support were not examined together. Future studies that integrate the 
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two pathways in the same model will allow disentangling of their contribution to 

socioeconomic inequalities in mortality. 

As already mentioned, multiple interconnected pathways have been proposed to explain 

socioeconomic differences in health. This thesis only focused on two of those pathways. 

However, in the GAZEL cohort neither health behaviours nor social support could explain a 

substantial part of the socioeconomic gradient in mortality. Material factors such as material 

deprivation or financial insecurity, psychosocial factors such as work stress or job control, 

occupational exposures to hazardous chemicals or physical strain, or differential access to 

health-care are other possible mechanisms through which socioeconomic position may 

influence health (Siegrist, 1996; Marmot et al., 1997a; Lynch et al., 1997a; Lynch et al., 2000; 

Ferrie et al., 2003; Borrell et al., 2004; Hemstrom, 2005; Melchior et al., 2005; Rahkonen et 

al., 2006; Niedhammer et al., 2008; Bambra et al., 2009; Kaikkonen et al., 2009; Aldabe et al., 

2010; Clougherty et al., 2010; Matthews et al., 2010). A comprehensive understanding of the 

complex causal chain leading from socioeconomic position to health will be possible only 

through further comparative research examining jointly the different potential mechanisms 

and their interconnections in different contexts.  

This thesis additionally showed that early-life socioeconomic circumstances predicted 

mortality in early old age. It was also shown that, in the Whitehall II study, health behaviours 

were strongly socially patterned and were strongly associated with mortality. As a 

consequence, they explained a large part of socioeconomic differences in mortality. It has 

been argued that health behaviours might be fixed early in life (Lynch et al., 1997b; van de 

Mheen et al., 1998). This issue was not examined in this study but the understanding of the 

mechanisms underlying the social patterning of health behaviours in adulthood has important 

public health implications, as it can help identify the sensitive age periods for behavioural 

change. Further research will examine the association between socioeconomic circumstances 

in early life and health behaviours over the adult life course. 

It is possible that disease is a contributor to both changes in health behaviours and mortality. 

Thus, reverse causation could in part explain the finding that health behaviours account for a 

greater proportion of socioeconomic differences in mortality when repeated measures are 

used, instead of a single baseline measure. For example, it is possible that some participants 

radically alter unhealthy behaviours after a cardiovascular event, but despite these changes the 

same cardiovascular event led to subsequent mortality. To address this issue, analyses should 
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be replicated using coronary heart disease incidence as the health outcome. The use of disease 

incidence instead of mortality will exclude the possibility that the same event has caused both 

behavioural changes and mortality. However, this will not completely rule out the possibility 

that participants at risk for cardiovascular disease have reduced their risky behaviours after 

medical counselling but that the changes were insufficient to prevent a cardiovascular event. 

Finally, this thesis showed that large differences exist in the social patterning of health 

behaviours, and as a consequence in their role in explaining social inequalities in mortality, in 

two neighbouring European cohorts. Further comparative analyses including additional 

cohorts from Southern European countries will allow better investigating both the effect of 

culture and the role of the epidemiological transition in generating and explaining North-

South differences in social inequalities in health and in the mechanisms underlying these 

inequalities.  

IV.6 Conclusions 

This thesis used data from two large cohorts to describe the magnitude of socioeconomic 

differences in mortality in two European populations in early old age, and to examine the role 

played by two sets of factors, health behaviours and social support, in shaping those 

inequalities. Findings from this thesis support research showing that socioeconomic 

circumstances in childhood are related to mortality in adulthood. However, the three 

indicators of socioeconomic position in early life examined showed different effects on 

mortality. In particular, there was a linear association between education and mortality, while 

the association between height and mortality was U-shaped, for all mortality outcomes 

examined except CHD mortality. It is hypothesised that non-social factors potentially drive 

the association between high stature and mortality; for this reason height can be a misleading 

indicator of early-life socioeconomic circumstances when used to predict mortality.  

This thesis supports and adds to the existing literature showing the persistence of 

socioeconomic differences in mortality in Europe at the beginning of the twenty-first century.  

In the Whitehall II study, health behaviours were strongly socially patterned and were found 

to contribute to a large part of social inequalities in mortality, particularly when changes in 

these behaviours over time were taken into account. Thus, previous research may have 

underestimated the role of health-related behaviours in shaping social inequalities in health. 

However, the same behaviours contributed little to explaining social inequalities in mortality 
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in the GAZEL study, because their social patterning was weak in this cohort. Marital status 

also accounted for part of the socioeconomic gradient in mortality in the Whitehall II study 

but not in GAZEL, while the role of social participation and network size was negligible in 

both cohorts.  

Results from this research suggest that the causal chain leading from socioeconomic position 

to mediating factors to mortality is different in the two cohorts. Cultural aspects and context-

specific characteristics may influence the way in which the potential factors underlying the 

socioeconomic position - mortality association are distributed within society and thus 

contribute to socioeconomic differences in health. The finding that different mechanisms 

drive these associations in two neighbouring European countries calls for further comparative 

research to understand the common and unique determinants of social inequalities in health, 

both within and between countries. Intervention policies to reduce social inequalities in health 

should also be based on a better understanding of the cultural and context-specific dynamics 

through which socioeconomic factors influence health.  
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APPENDIX A.1 Association of measures of socioeconomic position in early 

life with all-cause and cause-specific mortality. Separate analyses for the 

British Whitehall II and the French GAZEL cohorts.  

Table A1.1 Association of early-life socioeconomic measures with all-cause mortality, the British 
Whitehall II cohort (N=8409). 

  
 

  
Adjusted for age 
and sex 

Fully Adjusted b 
 

Early-life socioeconomic 
measures 

Total N Deaths  
N (Ratea) 

HR (CI 95%) HR (CI 95%) 

Father's occupational position     
Non Manual 4856 294 (3.1) 1.00 1.00 
Manual 3553 280 (3.7) 1.19 (1.02, 1.41) 1.17 (0.99, 1.39) 

Education     
University 2332 114 (2.3) 1.00 1.00 
Higher Secondary 2138 152 (3.8) 1.39 (1.09, 1.77) 1.37 (1.07, 1.75) 
Lower than Secondary 3939 308 (3.5) 1.26 (1.01, 1.58) 1.20 (0.95, 1.51) 

Height (cm)     
Shorter than mean - 2cm 3050 234 (3.6) 1.27 (1.02, 1.60) 1.28 (1.03, 1.60) 
Mean ± 2cm 2055 119 (2.9) 1.00 1.00 
Taller than mean + 2cm 3304 221 (3.5) 1.23 (0.99, 1.54) 1.24 (1.00, 1.56) 

HR=Hazard Ratio; CI=Confidence Interval 
a Age- and sex-adjusted mortality rate per 1000 person-years. 
b Adjusted for age, sex, and mutually adjusted. 

 

Table A1.2 Association of early-life socioeconomic measures with all-cause mortality, the GAZEL cohort 
(N=17044). 

  
 

  
Adjusted for age 
and sex 

Fully Adjusted b 
 

Early-life socioeconomic 
measures 

Total N Deaths  
N (Ratea) 

HR (CI 95%) HR (CI 95%) 

Father's occupational position     
Non Manual 6769 349 (2.8) 1.00 1.00 
Manual 10275 564 (2.9) 1.06 (0.92, 1.21) 1.00 (0.88, 1.15) 

Education     
University 3334 137 (2.2) 1.00 1.00 
Higher Secondary 10094 548 (2.9) 1.40 (1.16, 1.69) 1.39 (1.15, 1.68) 
Lower than Secondary 3615 228 (3.5) 1.56 (1.26, 1.93) 1.55 (1.25, 1.93) 

Height (cm)     
Shorter than mean - 2cm 7560 422 (3.0) 1.15 (0.97, 1.36) 1.13 (0.96, 1.34) 
Mean ± 2cm 4022 200 (2.6) 1.00 1.00 
Taller than mean + 2cm 5462 291 (3.0) 1.13 (0.94, 1.35) 1.13 (0.94, 1.35) 

HR=Hazard Ratio; CI=Confidence Interval 
a Age- and sex-adjusted mortality rate per 1000 person-years. 
b Adjusted for age and sex and mutually adjusted. 
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Table A1.3 Association of early-life socioeconomic measures with cancer mortality, the British Whitehall 
II cohort (N=8409). 

    
Adjusted for age 
and sex 

Fully Adjusted b 

Early -life socioeconomic measures Deaths N, (Ratea) HR (CI 95%) HR (CI 95%) 
Father's occupational position    

Non Manual 133 (1.4) 1.00 1.00 
Manual 143 (1.9) 1.32 (1.04, 1.68) 1.32 (1.04, 1.68) 

Education    
University 47 (1.3) 1.00 1.00 
Higher Secondary 82 (2.0) 1.77 (1.24, 2.52) 1.71 (1.19, 2.46) 
Lower than Secondary 147 (1.6) 1.40 (1.00, 1.97) 1.28 (0.90, 1.82) 

Height (cm)    
Shorter than mean - 2cm 104 (1.6) 1.21 (0.87, 1.67) 1.22 (0.88, 1.69) 
Mean ± 2cm 56 (1.4) 1.00 1.00 
Taller than mean + 2cm 116 (1.8) 1.36 (0.99, 1.87) 1.38 (1.01, 1.90) 

HR=Hazard Ratio; CI=Confidence Interval 
a Age- and sex-adjusted mortality rate per 1000 person-years. 
b Adjusted for age and sex and mutually adjusted. 

 
Table A1.4 Association of early-life socioeconomic measures with cancer mortality, the GAZEL cohort 
(N=17044). 

    
Adjusted for age 
and sex 

Fully Adjusted b 

Early -life socioeconomic measures Deaths N, (Ratea) HR (CI 95%) HR (CI 95%) 
Father's occupational position    

Non Manual 143 (1.3) 1.00 1.00 
Manual 235 (1.4) 1.06 (0.86, 1.30) 0.98 (0.80, 1.22) 

Education    
University 51 (0.9) 1.00 1.00 
Higher Secondary 228 (1.4) 1.55 (1.15, 2.10) 1.55 (1.14, 2.11) 
Lower than Secondary 99 (1.7) 1.86 (1.32, 2.61) 1.85 (1.31, 2.62) 

Height (cm)    
Shorter than mean - 2cm 180 (1.4) 1.27 (0.97, 1.66) 1.25 (0.95, 1.63) 
Mean ± 2cm 75 (1.1) 1.00 1.00 
Taller than mean + 2cm 123 (1.4) 1.26 (0.94, 1.67) 1.26 (0.95, 1.68) 

HR=Hazard Ratio; CI=Confidence Interval 
a Age- and sex-adjusted mortality rate per 1000 person-years. 
b Adjusted for age and sex and mutually adjusted.. 
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Table A1.5 Association of early-life socioeconomic measures with cardiovascular and coronary heart 
disease (CHD) mortality, the British Whitehall II cohort (N=8409). 

   
Adjusted for age 

and sex 
Fully Adjusted b 

Early -life socioeconomic measures Deaths N, (Ratea) HR (CI 95%) HR (CI 95%) 
CARDIOVASCULAR MORTALITY     
Father's occupational position    

Non Manual 91 (1.0) 1.00 1.00 
Manual 76 (1.0) 1.08 (0.80, 1.47) 1.04 (0.76, 1.74) 

Education    
University 34 (0.8) 1.00 1.00 
Higher Secondary 44 (1.1) 1.40 (0.89, 2.19) 1.41 (0.90, 2.21) 
Lower than Secondary 89 (1.0) 1.28 (0.85, 1.92) 1.26 (0.83, 1.92) 

Height (cm)    
Shorter than mean - 2cm 72 (1.1) 1.29 (0.86, 1.92) 1.30 (0.87, 1.94) 
Mean ± 2cm 36 (0.8) 1.00 1.00 
Taller than mean + 2cm 59 (0.9) 1.11 (0.73, 1.68) 1.12 (0.74, 1.69) 

CHD MORTALITY     
Father's occupational position    

Non Manual 49 (0.5) 1.00 1.00 
Manual 43 (0.6) 1.15 (0.76, 1.74) 1.08 (0.71, 1.66) 

Education    
University 19 (0.4) 1.00 1.00 
Higher Secondary 22 (0.6) 1.27 (0.69, 2.35) 1.28 (0.70, 2.37) 
Lower than Secondary 51 (0.6) 1.37 (0.80, 2.34) 1.33 (0.76, 2.31) 

Height (cm)    
Shorter than mean - 2cm 44 (0.7) 1.29 (0.77, 2.15) 1.30 (0.76, 2.16) 
Mean ± 2cm 22 (0.5) 1.00 1.00 
Taller than mean + 2cm 26 (0.4) 0.80 (0.45, 1.41) 0.80 (0.46, 1.42) 

HR=Hazard Ratio; CI=Confidence Interval 
a Age- and sex-adjusted mortality rate per 1000 person-years. 
b Adjusted for age and sex and mutually adjusted. 
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Table A1.6 Association of early-life socioeconomic measures with cardiovascular and coronary heart 
disease (CHD) mortality, the GAZEL cohort (N=17044). 

    
Adjusted for age 

and sex 
Fully Adjusted b 

Early -life socioeconomic measures Deaths N, (Ratea) HR (CI 95%) HR (CI 95%) 
CARDIOVASCULAR MORTALITY     
Father's occupational position    

Non Manual 55 (0.49) 1.00 1.00 
Manual 68 (0.39) 0.77 (0.54, 1.10) 0.74 (0.51, 1.06) 

Education    
University 22 (0.39) 1.00 1.00 
Higher Secondary 68 (0.41) 1.12 (0.69, 1.81) 1.20 (0.74, 1.76) 
Lower than Secondary 33 (0.53) 1.58 (0.92, 2.72) 1.69 (0.98, 2.93) 

Height (cm)    
Shorter than mean - 2cm 59 (0.47) 1.66 (0.99, 2.79) 1.67 (0.99, 2.80) 
Mean ± 2cm 19 (0.28) 1.00 1.00 
Taller than mean + 2cm 45 (0.51) 1.86 (1.09, 3.18) 1.85 (1.08, 3.17) 

CHD MORTALITY     
Father's occupational position    

Non Manual 33 (0.3) 1.00 1.00 
Manual 35 (0.2) 0.66 (0.41, 1.06) 0.62 (0.39, 1.02) 

Education    
University 14 (0.2) 1.00 1.00 
Higher Secondary 39 (0.22) 1.02 (0.56, 1.89) 1.11 (0.60, 2.07) 
Lower than Secondary 15 (0.3) 1.18 (0.57, 2.46) 1.29 (0.61, 2.70) 

Height (cm)    
Shorter than mean - 2cm 36 (0.3) 1.63 (0.85, 3.13) 1.66 (0.86, 3.19) 
Mean ± 2cm 12 (0.2) 1.00 1.00 
Taller than mean + 2cm 20 (0.2) 1.31 (0.64, 2.69) 1.30 (0.64, 2.67) 

HR=Hazard Ratio; CI=Confidence Interval 
a Age- and sex-adjusted mortality rate per 1000 person-years. 
b Adjusted for age and sex and mutually adjusted. 
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APPENDIX A.2 The role of health behaviours and structural of measures 

of social support in explaining income inequalities in all-cause and 

cardiovascular mortality. 

A.2.1 The role of health behaviours in explaining income inequalities in all-cause and 

cardiovascular mortality. 

Table A2.1 Characteristics of the Whitehall II and GAZEL participants included in analyses on the role of 
health behaviours in explaining the association between income and mortality. 
 Income  Overall 
 High Intermediate Low  
WHITEHALL II      
N (%) 7405 (76.6) 1662 (17.2) 604 (6.3) 9671 
Deaths (Ratea) 497 (3.3) 125 (4.2) 67 (6.5) 689 (3.6) 
Mean age (SD) 44.3 (6.0) 44.1 (6.3) 45.5 (6.2) 44.4 (6.1) 
GAZEL      
N (%) 1302 (7.6) 11924 (69.6) 3905 (22.8) 17131 
Deaths (Ratea) 48 (2.2) 560 (2.8) 262 (4.1) 870 (3.1) 
Mean age (SD) 44.1 (3.7) 43.3 (3.5) 43.4 (3.5) 43.4 (3.5) 

SD=Standard Deviation 
aAge- and sex-adjusted mortality rate per 1000 person-years. 
 
Table A2.2 Association of income with health behaviours in the British Whitehall II and the French 
GAZEL cohort studies. 
 WHITEHALL II  GAZEL  Pb 
 ORa (95%CI)  ORa (95%CI)   
FIRST FOLLOW -UP 

Smoking 3.00 (2.56, 3.53) 1.40 (1.22, 1.60) <0.001 
Heavy drinking 1.14 (0.94, 1.40) 1.08 (0.93, 1.25) =0.17 
Unhealthy diet 3.97 (2.93, 5.38) 1.65 (1.41, 1.94) <0.001 
Physically inactive 4.71 (3.98, 5.59) 2.30 (2.03, 2.59) <0.001 

LAST FOLLOW -UP 
Smoking 3.25 (2.52, 4.19) 1.15 (0.95, 1.40) <0.001 
Heavy drinking 0.99 (0.78, 1.25) 0.87 (0.75, 1.01) =0.08 
Unhealthy diet 5.85 (3.70, 9.25) 2.11 (1.54, 2.88) <0.001 
Physically inactive 3.88 (3.21, 4.68) 1.97 (1.74, 2.23) <0.001 

OR=Odds Ratio; CI=Confidence Interval 
N=9671 at first and N=7099 at last follow-up in Whitehall II and N=17131 at first and N=14859 at last follow-up in GAZEL. 
a Odds Ratio for lowest versus highest occupational position adjusted for age and sex. 
b P for interaction between income and cohort in logistic regression. 
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Table A2.3 Role of health behaviours used as time dependent covariates in explaining the association 
between income and all-cause and cardiovascular mortality in the British Whitehall II and the French 
GAZEL cohort studies. 

 WHITEHALL II GAZEL 
 HR (95% CI) %∆ c  HR (95% CI) %∆ c  
All-cause mortality     
Model 1a 1.90 (1.49, 2.41)  2.05 (1.60, 2.63)  
Model 1 + Smoking 1.60 (1.26, 2.04) -26 1.99 (1.56, 2.55) -4 
Model 1 + Alcohol 1.78 (1.40, 2.26) -10 1.95 (1.52, 2.50) -7 
Model 1 + Diet 1.71 (1.34, 2.19) -16 1.98 (1.54, 2.53) -5 
Model 1 + Physical activity 1.68 (1.31, 2.14) -19 1.90 (1.49, 2.44) -10 
Fully adjusted Model b 1.32 (1.03, 1.70) -56 1.74 (1.36, 2.23) -23 
Cardiovascular mortality     
Model 1a 2.84 (1.87, 4.31)  2.18 (1.16, 4.07)  
Model 1 + Smoking 2.40 (1.57, 3.68) -16  2.10 (1.13, 3.92) -4  
Model 1 + Alcohol 2.46 (1.62, 3.76) -14  2.09 (1.12, 3.92) -5  
Model 1 + Diet 2.76 (1.74, 4.08) -6  2.14 (1.14, 4.00) -17  
Model 1 + Physical activity 2.37 (1.54, 3.64) -17 1.91 (1.02, 3.58) -2  
Fully adjusted Model b 1.84 (1.18, 2.86) -42  1.80 (0.96, 3.37) -25  

HR=Hazard Ratio, CI=Confidence Interval 
N=9 671, Deaths=689 for all-cause and 200 for cardiovascular mortality in Whitehall II; N=17 131, Deaths=870 for all-cause 
and 148 for cardiovascular mortality. 
a HR for lowest versus highest occupational position adjusted for age at baseline and sex. 
b HR for lowest versus highest occupational position adjusted for age at baseline, sex, and all health behaviours. 
c Percent attenuation in log HR= 100 x (β Model 1 - β Model 1+ health behaviour(s))/( β Model 1 ), where β =log(HR). 
 

A.2.2 The role of measures of social support in explaining income inequalities in all-

cause and cardiovascular mortality. 

Table A2.4 Characteristics of the Whitehall II and GAZEL participants included in analyses on the role of 
social support in explaining the association between income and mortality. 
 Income  Overall 
 High Intermediate Low  
WHITEHALL II      
N (%) 7677 (76.1) 1761 (17.4) 653 (6.5) 10091 
Deaths (Ratea) 521 (3.3) 138 (4.3) 78 (7.1) 737 (3.7) 
Mean age (SD) 44.4 (6.0) 44.2 (6.3) 45.6 (6.0) 44.0 (6.2) 
GAZEL      
N (%) 1279 (7.6) 11749 (69.7) 3863(22.7) 16864 
Deaths (Ratea) 48 (2.1) 590 (2.9) 276 (4.2) 914 (3.1) 
Mean age (SD) 44.0 (3.7) 43.3 (3.5) 43.4 (3.5) 43.4 (3.5) 

SD=Standard Deviation 
aAge- and sex- adjusted mortality rate per 1000 person-years. 
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Table A2.5 Association of income with measures of social support in the British Whitehall II and the 
French GAZEL studies. 
 WHITEHALL II  GAZEL  

 ORb (95% CI) ORb (95% CI) 
FIRST FOLLOW -UP   
Low network size 1.93 (1.57, 2.36) 0.43 (0.36, 0.55) 
Low social participation 1.65 (1.41, 1.92) 0.98 (0.86, 1.11) 
Not married/cohabiting 16.39 (13.94, 19.26) 11.95 (10.17, 14.01) 
LAST FOLLOW -UP   
Low network size 2.08 (1.43, 3.04) 0.94 (0.73, 1.21) 
Low social participation 3.06 (2.24, 4.18) 1.32 (1.15, 1.50) 
Not married/cohabiting 10.38 (8.38, 12.87) 10.49 (8.63, 12.76) 

OR=Odds Ratio; CI=Confidence Interval 
N=10091 at first and N=6679 at last follow-up in Whitehall II and N=16864 at first and N=14553 at last follow-up in 
GAZEL. 
a Odds Ratio for lowest versus highest income adjusted for age and sex. 
b All p for interaction between income and cohort <0.01 apart from marital status at last follow-up (p=0.85). 

 
Table A2.6 Role of measures of social support used as time dependent covariates in explaining the 
association between income and all-cause and cardiovascular mortality in the Whitehall II and the 
GAZEL studies. 

 WHITEHALL II  GAZEL  
 HR (95% CI)  %∆ c  HR (95% CI)  %∆ c  
All -cause mortality     
Model 1a 2.62 (1.62, 3.54)  2.11 (1.66, 2.69)  
Model 1 + Network size 1.99 (1.58, 2.49) -3  2.11 (1.65, 2.68) 0  
Model 1 + Social participation 1.97 (1.57, 2.47) -4  2.10 (1.65, 2.67) -1  
Model 1 + Marital status 1.71 (1.35, 2.18) -24  1.82 (1.42, 2.33) -20  
Fully adjusted Model b 1.65 (1.29, 2.10) -29  1.80 (1.41, 2.30) -21  
Cardiovascular mortality      
Model 1a 2.87 (1.91, 4.31)  2.22 (1.20, 4.11)  
Model 1 + Network size 2.74 (1.82, 4.13) -4 2.15 (1.16, 4.01) -4 
Model 1 + Social participation 2.78 (1.85, 4.18) -3 2.22 (1.20, 4.11) 0 
Model 1 + Marital status 1.95 (1.26, 3.03) -37 1.94 (1.04, 3.93) -17 
Fully adjusted Model b 1.83 (1.17, 2.85) -43 1.89 (1.01, 3.54) -20 

HR=Hazard Ratio, CI=Confidence Interval 
N=10091, Deaths=737 for all-cause and N=10187, Deaths=207 for cardiovascular mortality in Whitehall II; N=16864 
Deaths=914 for all-cause and Deaths=139 for cardiovascular mortality in GAZEL. 
a HR for lowest versus highest occupational position adjusted for age at baseline  
b HR for lowest versus highest occupational position adjusted for age at baseline and all measures of social support. 
c Percent attenuation in log HR= 100 x (β Model 1 - β Model 1+ social support(s))/( β Model 1 ), where β =log(HR). 
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APPENDIX A.3 The role of measures of social support in explaining the 

socioeconomic gradient in all-cause and cause-specific mortality. Analyses 

stratified by sex. 

Table A3.1 Characteristics of the Whitehall II and GAZEL participants included in analyses on the role of 
social support in explaining the socioeconomic gradient in mortality. 
 Occupational position  Overall 
 High Intermediate Low pb  
WHITEHALL II       
Men      
N (%) 2629 (38.4) 3582 (52.4) 631 (9.2)  6842 
Deaths (Ratea) 189 (3.2) 244 (3.8) 75 (6.4) <0.001 508 (3.7) 
Mean age (SD) 45.2 (5.8) 43.1 (5.9) 44.5 (6.3)  44.0 (6.0) 
No friends or relatives N (%) 320 (12.2) 371 (10.4) 72 (11.4) =0.08 763 (11.2) 
Low social participation N (%) 361 (13.7) 633 (17.7) 146 (23.1) <0.001 1140 (16.7) 
Not married/cohabiting N (%) 282 (10.7) 783 (21.9) 270 (42.8) <0.001 1335 (19.5) 
Women      
N (%) 377 (11.2) 1324 (39.5) 1653 (49.3)  3354 
Deaths (Ratea) 17 (2.9) 95 (4.0) 123 (3.6) =0.38 235 (3.7) 
Mean age (SD) 43.2 (5.7) 44.0 (6.1) 46.7 (5.8)  45.3 (6.1) 
No friends or relatives N (%) 47 (12.5) 138 (10.4) 112 (6.8) <0.001 297 (8.9) 
Low social participation N (%) 64 (19.6) 386 (29.2) 668 (40.4) <0.001 1128 (33.6) 
Not married/cohabiting N (%) 153 (40.6) 602 (45.5) 548 (33.2) <0.001 1303 (38.9) 
GAZEL       
Men      
N (%) 4026 (31.3) 7182 (55.8) 1659 (12.9)  12867 
Deaths (Ratea) 204 (2.8) 472 (3.8) 145 (5.4)  821 (3.6) 
Mean age (SD) 44.5 (2.9) 44.0 (2.9) 43.6 (2.9)  44.1 (2.9) 
No friends or relatives N (%) 526 (13.1) 444 (6.2) 78 (4.7) <0.001 1048 (8.1) 
Low social participation N (%) 1142 (28.4) 1668 (23.2) 412 (24.8) <0.001 3222 (25.0) 
Not married/cohabiting N (%) 451 (11.2) 1018 (14.2) 221 (13.3) <0.001 1690 (13.3) 
Women      
N (%) 403 (8.8) 3018 (65.6) 1179 (25.6)  4600 
Deaths (Ratea) 13 (1.9) 81 (1.5) 37 (1.9) =0.82 131 (1.6) 
Mean age (SD) 41.4 (4.8) 41.6 (4.1) 40.6 (4.1)  41.3 (4.2) 
No friends or relatives N (%) 43 (10.7) 225 (8.5) 100 (7.5) =0.06 368 (8.0) 
Low social participation N (%) 147 (36.5) 1151 (38.1) 456 (38.7) =0.74 1754 (38.1) 
Not married/cohabiting N (%) 144 (35.7) 963 (31.9) 392 (33.3) =0.26 1499 (32.6) 

SD=Standard Deviation 
aAge-adjusted mortality rate per 1000 person-years. 
bTest for heterogeneity across socioeconomic groups. 
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Table A3.2 Association of occupational position with measures of social support in men (N=6842 at first 
and N=4768 at last follow-up) and women (N=3354at first and N=1978 at last follow-up) of the Whitehall 
II study and in men (N=12867 at first and N=11052 at last follow-up) and women (N=4600 at first and 
N=3984 at last follow-up) of the GAZEL study. 
 WHITEHALL II  GAZEL  

 Men Women Men Women 
 ORa (95% CI) ORa (95% CI) ORa (95% CI) ORa (95% CI) 

FIRST FOLLOW -UP    
No friends or relatives 0.82 (0.64, 1.05) 0.50 (0.35, 0.70) 0.24 (0.19, 0.29) 0.90 (0.61, 1.31) 
Low social participation 1.87 (1.55, 2.29) 2.56 (2.03, 3.22) 0.76 (0.67, 0.86) 1.07 (0.87, 1.33) 
Not married/cohabiting 5.92 (4.84, 7.24) 0.53 (0.43, 0.65) 1.29 (1.10, 1.52) 0.98 (0.78, 1.22) 
LAST FOLLOW -UP    
No friends or relatives 1.15 (0.74, 1.80) 0.95 (0.99, 1.85) 0.42 (0.32, 0.54) 1.07 (0.72, 1.61) 
Low social participation 9.19 (6.08, 13.90) 8.88 (4.46, 17.70) 1.10 (0.97, 1.26) 1.31 (1.03, 1.65) 
Not married/cohabiting 6.02 (4.60, 7.86) 0.85 (0.65, 1.10) 1.71 (1.39, 2.12) 0.90 (0.69, 1.16) 

OR=Odds Ratio; CI=Confidence Interval  
a Odds Ratio for lowest versus highest occupational position adjusted for age and sex. 
b All p for interaction between occupational position and cohort <0.05 apart from network size and marital status at last 
follow-up in women where p=0.65 and p=0.76 respectively. 

 
Table A3.3 Association between measures of social support and all-cause mortality in men (N=6842, 
Deaths=456) and women (N=3354, Deaths=218) of the Whitehall II study and in men (N=12867, 
Deaths=821) and women (N=4600, Deaths=131) of the GAZEL study. 
 WHITEHALL II  GAZEL  
 Men Women Men Women 
 HR  a (95% CI) HR  a (95% CI) HR  a (95% CI)  HR  a (95% CI) 
Network size     
More than 2 friends or 1.00 1.00 1.00 1.00 
1-2 friends or relatives 1.06 (0.81, 1.38) 1.23 (0.86, 1.75) 1.07 (0.92, 1.26) 1.01 (0.69, 1.47) 
No friends or relatives 1.56 (1.14, 2.13) 0.97 (0.51, 1.84) 0.85 (0.65, 1.10) 1.13 (0.65, 1.96) 

Social participation     
High  1.00 1.00 1.00 1.00 
Intermediate 1.18 (0.95, 1.45) 1.30 (0.89, 1.89) 0.95 (0.78, 1.14) 0.77 (0.46, 1.30) 
Low 1.44 (1.11, 1.88) 1.39 (0.94, 2.05) 1.12 (0.91, 1.37) 0.96 (0.57, 1.63) 

Marital st atus     
Married/cohabiting  1.00 1.00 1.00 1.00 
Non married/cohabiting 1.82 (1.49, 2.22) 1.33 (1.03, 1.72) 1.80 (1.47, 2.20) 2.04 (1.44, 2.89) 

HR=Hazard Ratio, CI=Confidence Interval 
a Model adjusted for age at baseline . 
b All p for interaction between measures of social support and cohort >0.05 apart from network size in men (p=0.02) and 
marital status in women (p=0.04). 
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Table A3.4 Association between measures of social support and cardiovascular mortality in men (N=6842, 
Deaths=161) and women (N=3354, Deaths=49) of the Whitehall II study and in men (N=12867, 
Deaths=141) and women (N=4600, Deaths=5) of the GAZEL study. 
 WHITEHALL II  GAZEL  
 Men Women Men Women 
 HR  a (95% CI) HR  a (95% CI) HR  a (95% CI) HR  a (95% CI) 
Network size     
More than 2 friends or 1.00 1.00 1.00 1.00 
1-2 friends or relatives 1.55 (1.03, 2.34) 1.51 (0.73, 3.14) 0.96 (0.65, 1.51) 1.96 (0.28, 14.00) 
No friends or relatives 1.63 (0.93, 2.85) 0.51 (0.07, 3.60) 0.58 (0.28, 1.20) 1.51 (0.23, 27.72) 

Social participation      
High  1.00 1.00 1.00 NA 
Intermediate 0.88 (0.61, 1.26) 1.92 (0.73, 5.03) 0.90 (0.58, 1.39) NA 
Low 1.27 (0.81, 1.98) 2.17 (0.81, 5.80) 0.89 (0.54, 1.46) NA 

Marital status     
Married/cohabiting  1.00 1.00 1.00 1.00 
Non married/cohabiting 1.78 (1.01, 3.15) 2.76 (1.99, 3.92) 1.90 (1.18, 3.05) 1.98 (0.33, 11.95) 

HR=Hazard Ratio, CI=Confidence Interval, NA=Not Available 
a Model adjusted for age at baseline . 
b All P for interaction between measures of social support and cohort >0.05 apart from network size in men (p=0.05). 

 
Table A3.5 Role of measures of social support used as time dependent covariates in explaining the 
association between occupational position and all-cause mortality in men (N=6843, Deaths=456) and 
women (N=3357, Deaths=218) of the Whitehall II study and in men and women of the GAZEL study. 

 WHITEHALL II  GAZEL  
 HR (95% CI)  %∆ c  HR (95% CI)  %∆ c  
Men     
Model 1a 2.00 (1.53, 2.61)  2.00 (1.61, 2.47)  
Model 1 + Network size 1.98 (1.52, 2.59) -1  2.01 (1.62, 2.49) 1  
Model 1 + Social participation 1.94 (1.59, 2.44) -4  2.00 (1.62, 2.47) 0  
Model 1 + Marital status 1.73 (1.31, 2.27) -21  1.95 (1.57, 2.42) -4  
Fully adjusted Model b 1.69 (1.28, 2.22) -24  1.95 (1.57,2.92) -3  
Women     
Model 1e 1.19 (0.80, 1.77)  1.30 (0.70, 2.42)  
Model 1 + Network size 1.20 (0.81, 1.78) NA 1.30 (0.70, 2.43) NA 
Model 1 + Social participation 1.15 (0.77, 1.72) NA 1.28 (0.69, 2.38) NA 
Model 1 + Marital status 1.25 (0.84, 1.87) NA 1.31 (0.71, 2.43) NA 
Fully adjusted Model b 1.21 (0.81, 1.82) NA 1.30 (0.70, 2.40) NA 

HR=Hazard Ratio, CI=Confidence Interval 
a HR for lowest versus highest occupational position adjusted for age at baseline. 
b HR for lowest versus highest occupational position adjusted for age at baseline and all measures of social integration. 
c Percent attenuation in log HR= 100 x (β Model 1+ social support(s)- β Model 1)/( β Model 1 ), where β =log(HR). 
e In Whitehall II, HR for lowest and intermediate versus highest occupational position adjusted for age at baseline. 
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Table A3.6 Role of measures of social support used as time dependent covariates in explaining the 
association between occupational position and cardiovascular mortality in men (N=6843, Deaths=161) and 
women (N=3357, Deaths=218) of the Whitehall II study and in men and women of the GAZEL study. 

 WHITEHALL II  GAZEL  
 HR (95% CI)  %∆ c  HR (95% CI)  %∆ c  
Men     
Model 1a 3.35 (2.12, 5.32)  2.16 (1.29, 2.61)  
Model 1 + Network size 3.23 (2.04, 5.13) -3  2.09 (1.24, 3.52) -4  
Model 1 + Social participation 3.28 (2.06, 5.20) -2  2.15 (1.29, 3.60) -1  
Model 1 + Marital status 2.55 (1.59, 4.10) -23  2.10 (1.26, 3.52) -4  
Fully adjusted Model b 2.44 (1.51, 3.92) -26  2.03 (1.21,3.42) -8  
Women     
Model 1a 3.31 (1.19, 9.24)  NA  
Model 1 + Network size 3.33 (1.19, 9.32) 1    
Model 1 + Social participation 3.13 (1.11, 8.84) -5    
Model 1 + Marital status 3.79 (1.34, 10.71) 11    
Fully adjusted Model b 3.58 (1.25, 10.23) 7    

HR=Hazard Ratio, CI=Confidence Interval 
a HR for lowest versus highest occupational position adjusted for age at baseline.  
b HR for lowest versus highest occupational position adjusted for age at baseline and all measures of social support. 
c Percent attenuation in log HR= 100 x (β Model 1+ social support(s)- β Model 1)/( β Model 1 ), where β =log(HR). 
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BEHAVIOURS AND SOCIAL SUPPORT  
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APPENDIX B.1 Health behaviours - Whitehall II – Phase 1 (1985-1988) 
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APPENDIX B.2 Health behaviours – GAZEL – First Time Window (1989 – 
1992)  
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APPENDIX B.3 Social Support – Whitehall II – Phase 1 (1985-1988) 
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APPENDIX B.4 Social Support – GAZEL - First Time Window (1989 – 
1992)  
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Explaining social inequalities in mortality: Evidence from the British Whitehall II and the French 
GAZEL studies  
 
ABSTRACT 
Differences in morbidity and mortality between socioeconomic groups constitute one of the most consistent 
findings of epidemiologic research. However, research on social inequalities in health has yet to provide a 
comprehensive understanding of the mechanisms underlying this association. Data from two large European 
cohorts were used to examine socioeconomic differences in all-cause and cause-specific mortality in two 
populations in early old age, as well as the role played by health behaviours and social support in shaping 
those inequalities. Indicators of socioeconomic circumstances in early life were found to be related to 
mortality in adulthood, even though the association of the three measures examined, father’s occupational 
position, education and height, with mortality did not have the same shape and depended on the cause of 
mortality being examined. Indicators of socioeconomic position in adulthood, occupational position and 
income, were strongly associated with all-cause and cardiovascular mortality in both cohorts. In the 
Whitehall II study, health behaviours - smoking, alcohol consumption, diet and physical activity - were 
strongly socially patterned, and were found to contribute to a large part of social inequalities in mortality, 
particularly when changes in these behaviours over time were taken into account. The same behaviours 
contributed little to explaining social inequalities in mortality in the GAZEL cohort, as their social 
patterning was weak in this cohort. Of the measures of social support examined, marital status also 
accounted for part of the socioeconomic gradient in mortality in the Whitehall II cohort but not in GAZEL, 
while the role of social participation and network size was negligible in both cohorts. Different mechanisms 
may be driving social inequalities in health in two neighbouring European countries. This finding calls for 
further comparative research to understand the common and unique determinants of social differences in 
health within and between countries, and for additional research addressing the fundamental causes of social 
inequalities in health. 
Key words: Mortality, socioeconomic status, life course, health behaviours, social support 
 
 
Mécanismes des inégalités sociales de mortalité: analyse comparative des études Whitehall II et 
GAZEL 
 
RESUME 
Les différences de morbidité et de mortalité entre les groupes socioéconomiques constituent un des résultats 
le plus cohérent de la recherche épidémiologique. Cependant, les mécanismes qui sous-tendent cette 
association demeurent encore mal compris. Les données de deux grandes cohortes européennes ont été 
utilisées pour décrire l'ampleur des différences socioéconomiques de mortalité toutes causes et spécifique, et 
examiner le rôle des comportements de santé et du soutien social dans ces inégalités. Les indicateurs de la 
situation socioéconomique dans l’enfance se sont révélés liés à la mortalité à l'âge adulte, même si toutefois 
les trois mesures examinées – position socioprofessionnelle du père, niveau d’études et taille – étaient 
différemment liées à la mortalité. Les indicateurs de la position socioéconomique à l'âge adulte, catégorie 
socioprofessionnelle et revenu, étaient associés à la mortalité toutes causes et cardiovasculaire dans les deux 
cohortes. Dans l'étude Whitehall II, les comportements de santé étaient socialement distribués et 
expliquaient une grande partie des inégalités sociales de mortalité, en particulier lorsque les changements 
dans ces comportements au cours du suivi étaient pris en compte. Les mêmes comportements expliquaient 
très peu les inégalités sociales de mortalité dans l'étude GAZEL, leur répartition sociale étant faible dans 
cette cohorte. Parmi les mesures de soutien social considérées, le statut marital expliquait également une 
partie du gradient socioéconomique de mortalité dans l'étude Whitehall II, mais pas dans GAZEL, tandis que 
le rôle de la participation sociale et du réseau social était négligeable dans les deux cohortes. Différents 
mécanismes semblent jouer un rôle dans les inégalités sociales de santé dans ces deux pays européens 
voisins. Cela implique que des recherches comparatives visant à comprendre les déterminants communs et 
spécifiques des différences sociales de santé sont nécessaires. D’autres recherches visant davantage les 
causes fondamentales des inégalités sociales de santé sont également souhaitables. 
Mots clés : Mortalité, statut socioéconomique, approche vie entière, comportements de santé, soutien social 


