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Finalement, je remercie vivement ma famille, notamment mes parents et ma soeur, pour leur soutien et leur encouragement continus tout au long de ma thèse. les maladies cardiovasculaires sont associées à un risque augmenté de développer des symptômes dépressifs et vice versa. La relation entre dépression et maladies cardiovasculaires pourrait être expliquée par des facteurs de confusion ou de médiation, comme une prévalence accrue des facteurs de risque cardiovasculaire traditionnels mais aussi des voies biologiques partagées (par exemple anomalies du système nerveux autonome). Dans ce travail de thèse, nous nous sommes concentrés sur deux mécanismes potentiels. Premièrement, la personnalité pourrait confondre l'association entre dépression et maladies cardiovasculaires car certains traits de personnalité sont à la fois des facteurs de risque de dépression et des maladies cardiovasculaires. Plus spécifiquement, les traits d'hostilité pourraient augmenter à la fois la probabilité de développer une dépression et une maladie cardiovasculaire. Deuxièmement, le manque d'adhésion au traitement médicamenteux des facteurs de risque cardiovasculaire traditionnels pourrait être un facteur médiateur de cette association car la dépression semble associée négativement à l'adhésion aux traitements médicamenteux préventifs des maladies cardiovasculaires.

LIST OF ABBREVATIONS

Nous avons testé ces deux mécanismes/hypothèses dans deux grandes cohortes prospectives Françaises : les cohortes GAZEL et CONSTANCES.

Objectifs

L'objectif de ce travail de thèse était d'étudier si les traits d'hostilité ou le manque d'adhésion au traitement médicamenteux des facteurs de risque cardiovasculaire traditionnelles pourraient expliquer la relation entre dépression et maladies cardiovasculaires.

Ainsi, les trois objectifs suivants ont été poursuivis :

1. Étudier si les traits d'hostilité expliquent la relation prospective entre les symptômes dépressifs et les évènements cardiaques incidents dans la cohorte GAZEL.

2. Étudier si les symptômes dépressifs modifient la relation prospective entre les facteurs de risque cardiovasculaire modifiables par un traitement médicamenteux (l'hypertension, le diabète et la dyslipidémie) et les évènements cardiaques incidents dans la cohorte GAZEL.

3. Étudier la relation prospective entre les symptômes dépressifs et la non-adhésion au traitement médicamenteux des facteurs de risque cardiovasculaire (l'hypertension, le diabète et la dyslipidémie) dans la cohorte CONSTANCES.

Méthodologie

Les bases de données

Les données de la cohorte GAZEL utilisées pour les deux premiers objectifs

La cohorte GAZEL est une cohorte française créée en 1989 portant sur 20,625 employés d'Électricité de France (EDF) et Gaz de France (GDF) [START_REF] Olusi | Serum lipid concentrations in patients with major depressive disorder[END_REF]614 

Les données de la cohorte CONSTANCES utilisées pour le troisième objectif

La cohorte CONSTANCES est une cohorte épidémiologique française créée qui a inclus entre 

Variables utilisées

Les variables utilisées sont décrites de façon plus détaillée dans les chapitres/articles.

Les symptômes dépressifs

Pour les deux premiers objectifs

Parmi les participants de la cohorte GAZEL, les symptômes dépressifs ont été évalués lors du recrutement puis tous les trois ans par la version Française de l'échelle Center for Epidemiological Studies-Depression (CES-D). Cette échelle est composée de 20 items portant sur les symptômes dépressifs et elle a un coefficient de cohérence interne élevé de 0,8 à 0,9 en population générale. Les items portent notamment sur la tristesse, la perte d'intérêt, la perte de l'appétit, le sommeil, la culpabilité, la fatigue, l'agitation et les pensées suicidaires au cours de la semaine précédente sur une échelle de 0 (< 1 jour) à 3 (5 à 7 jours). Afin de rester cohérent avec les précédentes publications issues de la cohorte GAZEL, les femmes qui ont obtenu un score ≥ 23 et les hommes qui ont obtenu un score ≥ 17 ont été considérés comme cliniquement déprimés, selon la première étude de validation de la version française [START_REF] Fuhrer | La version française de l'échelle CES-D (Center for Epidemiologic Studies-Depression Scale). Description et traduction de l'échelle d'autoévaluation [The French version of the CES-D (Center for Epidemiologic Studies-Depression Scale)[END_REF].

Pour le troisième objectif

Dans la cohorte CONSTANCES, les symptômes dépressifs ont été évalués à l'inclusion par l'échelle de CES-D. Conformément à l'étude de validation la plus récente et la plus complète de la version française, les volontaires (hommes et femmes) qui ont obtenu un score ≥ 19 ont été considérés comme cliniquement déprimés (sensibilité et spécificité> 85% pour le diagnostic de la dépression majeure).

Variables utilisées uniquement pour les deux premiers objectifs

Les évènements cardiaques

Les participants ont été suivis du 1 janvier 1994 au 31 décembre 2014 pour les évènements cardiaques. Les évènements cardiaques ont été identifiés à partir de deux sources différentes.

Premièrement, pour les volontaires qui travaillaient toujours pour EDF-GDF au moment de l'événement, les maladies coronariennes ont été identifiées de façon exhaustive par le registre mis en place par le service médical de EDF-GDF et ont été validées médicalement.

Deuxièmement, pour les participants retraités, les diagnostics ont été basés sur des événements cardiaques auto-déclarés qui ont été systématiquement validés. Plus précisément, les participants ont dû remplir le questionnaire annuel en précisant s'ils avaient reçu le diagnostic ou bien été hospitalisés au cours des 12 derniers mois pour de nombreuses maladies y compris les évènements cardiaques (angine de poitrine ou infarctus du myocarde).

Les participants ayant signalé au moins un évènement cardiaque ont été contactés à partir de 2009 pour transmettre leur dossier médical. Tous les évènements cardiaques recensés ont été validés par deux investigateurs indépendants formés.

L'hypertension, le diabète et la dyslipidémie

L'hypertension, le diabète et les dyslipidémies ont été évalués chaque année entre 1993 au 2013 à partir des déclarations des participants sur les questions suivantes : 1) « Au cours des 12 mois précédents, avez-vous souffert de ces maladies ? » 2) « Parmi ces maladies, lesquelles sont apparues au cours des 12 derniers mois ? » 

L'hostilité (uniquement pour le deuxième objectif

Co-variables

Variables utilisées uniquement pour le troisième objectif

La non-adhésion aux traitements médicamenteux des facteurs de risque cardiovasculaires

La non-adhésion aux traitements médicamenteux des facteurs de risque cardiovasculaire a été mesurée en suivant le remboursement des médicaments ad hoc sur deux périodes consécutives de 18 mois : 18 mois après la date d'inclusion et 18 mois après (19-36 mois).

Nous avons mesuré l'adhésion aux traitements médicamenteux par la proportion de trimestres avec au moins un médicament délivré. Pour calculer la non-adhésion des médicaments, nous avons calculé la somme des trimestres avec au moins un médicament délivré divisée par le nombre total de trimestres depuis la première délivrance de médicaments (6 trimestres) multipliée par 100. Le trimestre depuis la première délivrance de médicaments a été calculé par la différence entre le premier jour de délivrance de médicaments et la date d'inclusion divisée par 91, sachant que l'unité a été en jours. Si le pourcentage était inférieur à 80 %, le participant était considéré comme non-adhérent (Steiner & Prochazka, 1997).

Co-variables

Les co-variables suivantes ont été recueillies à l'inclusion : 

▪ L'âge ▪ Le sexe

ABSTRACT

Depression is associated with increased risk of cardiovascular disease, but the mechanisms remain mostly unknown and may involve hostility or poor medical adherence. The objectives were: to examine whether hostile traits explain the prospective association between depressive symptoms and incident cardiac events; to examine whether depressive symptoms modify the prospective association between treatable cardiovascular risk factors (hypertension, diabetes and dyslipidemia) and incident cardiac events; and to study the prospective association between depressive symptoms and non-adherence to medications for treatable cardiovascular risk factors. We addressed these objectives using two large French population-based prospective cohorts (GAZEL and CONSTANCES cohorts) with Cox proportional hazard regression models and logistic regression models. Three findings were obtained. First, the association between depressive symptoms and cardiac events was independent of hostile traits. Second, the association between depressive symptoms and cardiac events was not explained by a heightened impact of these cardiovascular risk factors in the presence of depression. Third, depressive symptoms were not associated with nonadherence to medications for these cardiovascular risk factors. Hence, according to these findings, depression should be considered as a cardiovascular risk factor on its own. Further research is needed to identify the mechanisms underlying the association between depression and incident cardiovascular disease. Depression and CVD are highly comorbid, and this association could be bidirectional.

Keywords

For instance, CVD could increase the risk of developing depressive symptoms [START_REF] Kearney | Global burden of hypertension: analysis of worldwide data[END_REF] whereas depression could predict CVD onset (International Diabetes Federation, 2017;World Health Organization, 2009, 2016, 2017) or CVD recurrence [START_REF] Van Melle | Prognostic association of depression following myocardial infarction with mortality and cardiovascular events: a meta-analysis[END_REF].

There are multiple mechanisms that could explain the association between depression and the increased risk of CVD, including an increased prevalence of traditional CVD risk factors, potential confounding factors such as socioeconomic status, or biological pathways such as inflammation or autonomous nervous system abnormalities. In this PhD thesis, we focused on two possible mechanisms which were my hypotheses. The first hypothesis that the association between depression and increased risk of CVD could be explained by personality. In other terms, hostility could act as a confounder: hostile traits could increase the subsequent risk of depression (Nabi, Singh-Manoux, et al., 2010), and they could be associated with CVD [START_REF] Chida | The association of anger and hostility with future coronary heart disease: a meta-analytic review of prospective evidence[END_REF]. The second hypothesis is that a substantial part of the association between depression and cardiovascular disease could be explained by a lack of adherence to preventive measures targeting treatable risk factors (i.e. hypertension, diabetes and dyslipidemia). This second hypothesis leads to two predictions:

1. The prospective association between depression and incident CVD is of greater magnitude among participants who present with treatable cardiovascular risk factors than among those who do not.

2. The association of depression with incident CVD is partly explained by poor adherence to preventive measures such as medications targeting treatable cardiovascular risk factors.

In this hypothesis we considered hypertension, diabetes and dyslipidemia as treatable cardiovascular risk factors because they are known as cardiovascular risk factors with established pharmacologic treatment.

Therefore, we tested several predictions derived from these hypotheses in two large population-based prospective cohorts of French subjects (i.e. GAZEL and CONSTANCES cohorts). Hence, the objectives were the following:

1. To examine whether hostile traits explain the prospective association between depressive symptoms and incident cardiac events in the GAZEL cohort.

2. To examine whether depressive symptoms modifies the prospective association between treatable cardiovascular risk factors and incident cardiac events in the GAZEL cohort.

3. To study the prospective association between depressive symptoms and non-adherence to medications of treatable cardiovascular risk factors in the CONSTANCES cohort. [START_REF] Tzoulaki | Worldwide Exposures to Cardiovascular Risk Factors and Associated Health Effects: Current Knowledge and Data Gaps[END_REF]. Around 60% of the global CVD deaths were at age >70, and the rest were at age between 30-70. Most of these CVD deaths result mainly from hypertension, then followed by smoking in men and obesity in women [START_REF] Tzoulaki | Worldwide Exposures to Cardiovascular Risk Factors and Associated Health Effects: Current Knowledge and Data Gaps[END_REF].

CHAPTER II: LITERATURE REVIEW

Beside these traditional risk factors, some psychological risk factors which are also modifiable could be associated with CVD such as psychological stress, anxiety, depression and others [START_REF] Lane | Effects of depression and anxiety on mortality and quality-of-life 4 months after myocardial infarction[END_REF]Nicholson, Kuper, & Hemingway, 2006;World Health Organization, 2017, May 17).

The modifiable traditional cardiovascular risk factors can be treated, and evidence showed that the risk of CVD decreases after treating and managing these risk factors [START_REF] Tzoulaki | Worldwide Exposures to Cardiovascular Risk Factors and Associated Health Effects: Current Knowledge and Data Gaps[END_REF]. For instance, smoking cessation, changing in diet such as increase consumption of vegetables and fruits and decrease consumption of salt, increase physical activity, are associated with decrease risk of CVD [START_REF] Tzoulaki | Worldwide Exposures to Cardiovascular Risk Factors and Associated Health Effects: Current Knowledge and Data Gaps[END_REF], partly because of their favorable effects on the control for each of hypertension, diabetes and dyslipidemia.

Hypertension, diabetes and dyslipidemia are also controlled and managed by established pharmacologic treatments. In this PhD thesis, they were referred as treatable cardiovascular risk factors.

Finally, in this PhD thesis, we focused on psychological risk factors and mainly on depression and we wanted to study its association with the increased risk of CVD.

Depression and CVD

Depression is a serious mental health disorder (World Health Organization, 2018, March 22) known either by clinical depression or major depressive disorder (MDD) (The National Institute of Mental Health, 2018). It is not similar to the person's usual responses to his/her daily activities in terms of feelings, emotions and mood fluctuations (World Health Organization, 2018, March 22). In order to be diagnosed with depression, individuals must have severe symptoms at least all days for at least two weeks that affect their appetite, sleep, function at school, work and in their families. In other terms these symptoms affect the person's ability to handle his/her daily activities.

Depression is the leading cause disability (World Health Organization, 2018, March 22) worldwide according to WHO. For instance, more than 300 million individuals are currently affected by depression (World Health Organization, 2018, March 22). In France, the prevalence of depression is estimated at 5 to 12% in the general population (Chan [START_REF] Chee | The current state of mental health surveillance in France[END_REF]. Depression causes functional impairment or disability in daily activities whether at school, in the workplace or in social relationships, leading to economic and social burden (World Health Organization, 2018, March 22). For instance, depression could lead to absenteeism and presenteeism which both result in employment cessation. It also reduces the social interactions with family members, coworkers or/and friends (interpersonal relationships), and contributes to loss of interest in maintaining household responsibilities including financial ones. In addition, if depression is not treated and severe, it can lead to suicide which was the eighteenth leading cause of death in the general population in 2016 (World Health Organization, 2018). For instance, around 800 thousand deaths per year are due to suicide which is equivalent to 1 person dies every forty seconds worldwide.

Depression and CVD are highly comorbid especially in the general population. This comorbidity could be explained to some extent by shared risk factors (e.g. tobacco consumption [START_REF] An | Smoking, heavy drinking, and depression among U.S. middle-aged and older adults[END_REF][START_REF] Dierker | Smoking and depression: an examination of mechanisms of comorbidity[END_REF][START_REF] Yun | Effect of potentially modifiable risk factors associated with myocardial infarction in 52 countries (the INTERHEART study): case-control study[END_REF]. The association between these two conditions could also be bi-directional. According to previous epidemiological studies, there is a bidirectional association between depression and incidence of CVD: depressed patients have a higher risk of sudden cardiac death, overall cardiovascular mortality and new onset morbidity than those non-depressed [START_REF] Case | Atypical depression and double depression predict new-onset cardiovascular disease in U.S. adults[END_REF][START_REF] Dong | Depression and risk of stroke: a metaanalysis of prospective studies[END_REF][START_REF] Ford | Depression is a risk factor for coronary artery disease in men: the precursors study[END_REF][START_REF] Hare | Depression and cardiovascular disease: a clinical review[END_REF][START_REF] Van Der Kooy | Depression and the risk for cardiovascular diseases: systematic review and meta analysis[END_REF] as well patients with CVD are at a higher risk of developing depression than those with no CVD [START_REF] Freak-Poli | Depressive symptoms prior to and after incident cardiovascular disease and long-term survival. A population-based study of older persons[END_REF][START_REF] Huang | Chronic diseases and risk for depression in old age: a meta-analysis of published literature[END_REF][START_REF] Thombs | Prevalence of depression in survivors of acute myocardial infarction[END_REF]. Indeed, according to previous prospective studies, depressed individuals are on average 1.5 to 2 times more likely to develop CVD incident cases compared to nondepressed (Nicholson et al., 2006).

Beyond shared risk factors (e.g. genetic risk factors, environmental hazards and others) that may confound the association between depression and increased risk of CVD morbidity and mortality, there are multiple mechanisms that could explain the causality of this association [START_REF] Carney | Depression as a risk factor for cardiac mortality and morbidity: a review of potential mechanisms[END_REF]. It could be explained by biological pathways where depression could lead to alteration or changes in the autonomic nervous system triggering increased risk of CVD (de Jonge, [START_REF] De Jonge | Differential association of cognitive and somatic depressive symptoms with heart rate variability in patients with stable coronary heart disease: findings from the Heart and Soul Study[END_REF][START_REF] Veith | Sympathetic nervous system activity in major depression. Basal and desipramineinduced alterations in plasma norepinephrine kinetics[END_REF]. For example, the hypothalamic-pituitary-adrenal axis (HPA) and the autonomous nervous system may display functional abnormalities in depression. In addition, the biological pathways include reduce or absence of coagulation factors such as pro-inflammatory cytokines, plasminogen activator inhibitor-1 (PAI-1) and fibrinogen [START_REF] Brouwers | Positive affect dimensions and their association with inflammatory biomarkers in patients with chronic heart failure[END_REF] dysregulation of the platelet reactivity [START_REF] Ziegelstein | Depression and coronary artery disease: is there a platelet link?[END_REF], lower heart rate variability. Furthermore, there are other mechanisms which could explain the association between depression and increase CVD risk. Among these mechanisms, we focused on two in this PhD thesis. First, a potential confounding role of hostility: Depression and hostility are highly correlated [START_REF] Stewart | Hostility now, depression later? Longitudinal associations among emotional risk factors for coronary artery disease[END_REF][START_REF] Suls | Anger, anxiety, and depression as risk factors for cardiovascular disease: the problems and implications of overlapping affective dispositions[END_REF] and hostile traits could increase the subsequent risk of depression (Nabi, Singh-Manoux, et al., 2010), as well as the risk of CVD [START_REF] Chida | The association of anger and hostility with future coronary heart disease: a meta-analytic review of prospective evidence[END_REF]. This hypothesis leads to the following prediction:

1. The prospective association between depression and incident CVD will be explained by hostile traits.

Second, a potential mediating role of non-adherence to medications targeting treatable cardiovascular risk factors (i.e. hypertension, diabetes and dyslipidemia). This second hypothesis leads to two predictions:

2. The prospective association between depression and incident CVD will be of greater magnitude among participants who present with treatable cardiovascular risk factors than among those who do not.

3. The association of depression with incident CVD will be partly explained by poor adherence to preventive measures such as medications targeting treatable cardiovascular risk factors.

Hostile traits, depression and CVD

Hostility is a multidimensional personality construct which includes different characteristics such as aggression, impatience, ambition, anger and competitiveness. Hostility is a presumably stable trait factor and it is a proneness to experience hostile thoughts or display hostile behaviors in addition to irritability and negativism. Hostile thoughts (i.e. cognitive hostility) could encompass resentment or distrust whereas hostile behaviors (i.e. behavioral hostility) could be direct such as direct aggression, either verbal or physical, or indirect (e.g., spreading rumors mocking someone's appearance). Therefore, the main hostile traits are cognitive hostility and behavior hostility, as well as irritability and negativism. The literature suggests that hostile traits could act as a confounder in the association between depression and CVD. In other terms, hostile traits could increase the risk of both developing depression and developing CVD, thus partially explaining their association.

Hostile traits could increase the risk of developing depression. A longitudinal study on 3,399 individuals aged between 35-55 years showed that cynical hostility measured at baseline was associated with incident depressive mood (Nabi, Singh-Manoux, et al., 2010).

For instance, individuals with the highest quartile of cynical hostility were 4.66 times more likely to develop depressive mood (odds ratio (OR) of 4.66 and 95% confidence interval (CI) of 3.41-6.36) compared to those with the lowest quartile. In addition, depression was found to be correlated with cynical hostility (correlation coefficient=0.26, P<0.01) in a longitudinal study [START_REF] Appleton | A Role for Behavior in the Relationships Between Depression and Hostility and Cardiovascular Disease Incidence, Mortality, and All-Cause Mortality: the Prime Study[END_REF]. A longitudinal study on 296 healthy men and women aged between 50 and 70 showed that baseline cognitive hostility predicted depressive symptoms (β=0.15, P=0.004) over 6 years of follow-up [START_REF] Stewart | Hostility now, depression later? Longitudinal associations among emotional risk factors for coronary artery disease[END_REF]. Therefore, the authors emphasized on the importance to address hostility while studying the association between depression and cardiovascular outcomes. In other terms, to improve the cardiovascular outcomes, the interventions on depression should include hostility treatments to have a better impact on the outcomes.

Moreover, hostile traits could increase the risk of CVD. For instance, the last recent meta-analysis on this topic showed that anger and hostility combined together predict incident CHD in participants free of CHD at baseline with a hazard ratio (HR) of 1.19 (95% CI of 1.05-1.35) [START_REF] Chida | The association of anger and hostility with future coronary heart disease: a meta-analytic review of prospective evidence[END_REF]. This study, however, was not in line with at least one study [START_REF] Sturmer | Personality, lifestyle, and risk of cardiovascular disease and cancer: follow-up of population based cohort[END_REF]. Focusing on hostility only, overall hostility was associated with CVD or CHD incidence in several studies [START_REF] Barefoot | Hostility, incidence of acute myocardial infarction, and mortality in a sample of older Danish men and women[END_REF][START_REF] Izawa | Cynical hostility, anger expression style, and acute myocardial infarction in middle-aged Japanese men[END_REF][START_REF] Meesters | Hostility and myocardial infarction in men[END_REF][START_REF] Miller | A meta-analytic review of research on hostility and physical health[END_REF][START_REF] Myrtek | Meta-analyses of prospective studies on coronary heart disease, type A personality, and hostility[END_REF], but not in other studies [START_REF] Everson | Hostility and increased risk of mortality and acute myocardial infarction: the mediating role of behavioral risk factors[END_REF][START_REF] Hearn | Hostility, coronary heart disease, and total mortality: a 33-year follow-up study of university students[END_REF][START_REF] Smith | Hostility, anger, aggressiveness, and coronary heart disease: an interpersonal perspective on personality, emotion, and health[END_REF]). Age differences may explain these discrepancies to some extent since some studies showed that hostility was associated with myocardial infarction in individuals younger than 50 [START_REF] Izawa | Cynical hostility, anger expression style, and acute myocardial infarction in middle-aged Japanese men[END_REF][START_REF] Meesters | Hostility and myocardial infarction in men[END_REF] and others in older populations (older than 50) [START_REF] Barefoot | Hostility, incidence of acute myocardial infarction, and mortality in a sample of older Danish men and women[END_REF]. Most of these studies [START_REF] Barefoot | Hostility, incidence of acute myocardial infarction, and mortality in a sample of older Danish men and women[END_REF][START_REF] Everson | Hostility and increased risk of mortality and acute myocardial infarction: the mediating role of behavioral risk factors[END_REF][START_REF] Hearn | Hostility, coronary heart disease, and total mortality: a 33-year follow-up study of university students[END_REF][START_REF] Izawa | Cynical hostility, anger expression style, and acute myocardial infarction in middle-aged Japanese men[END_REF][START_REF] Meesters | Hostility and myocardial infarction in men[END_REF] measured hostility using the Cook-Medley Hostility Scale which measures cynical hostility and not overall hostility.

In addition to cynical hostility, some other hostile traits could be associated with adverse CVD outcomes. There is an inconsistency on the topic in the literature. Several studies showed a significant association between irritability and CVD [START_REF] Fava | Current Psychosomatic Practice[END_REF][START_REF] Mendes De Leon | Anger and impatience/irritability in patients of low socioeconomic status with acute coronary heart disease[END_REF][START_REF] Perlis | Prevalence and clinical correlates of irritability in major depressive disorder: a preliminary report from the Sequenced Treatment Alternatives to Relieve Depression study[END_REF][START_REF] Porcelli | The Clinical Utility of the Diagnostic Criteria for Psychosomatic Research: A Review of Studies[END_REF][START_REF] Siegman | Antagonistic behavior, dominance, hostility, and coronary heart disease[END_REF][START_REF] Sirri | Type A behaviour: a reappraisal of its characteristics in cardiovascular disease[END_REF][START_REF] Sonino | Persistent psychological distress in patients treated for endocrine disease[END_REF]. When assessed with the Diagnostic Criteria for Psychosomatic Research (DCRP), the prevalence of irritable mood may be as high as 10-15% in medical patients, including patients with myocardial infarction [START_REF] Fava | Current Psychosomatic Practice[END_REF]. Another study showed that the rate of DCPR irritable mood was higher in patients with vs. without cardiac disease [START_REF] Sirri | Type A behaviour: a reappraisal of its characteristics in cardiovascular disease[END_REF].

Moreover, in a case-control study in patients free of myocardial infarction and with a low socioeconomic status, irritability was associated with cardiac events (myocardial infarction and unstable angina) (Mendes de Leon, 1992). However, in a case-control study on men, irritability was not associated with myocardial infarction adjusting for age, smoking status and hypertension [START_REF] Meesters | Dimensions of hostility and myocardial infarction in adult males[END_REF]. Moreover, the observed hostility which is known as a behavioral hostility was positively associated with incidence of CHD [START_REF] Newman | Observed hostility and the risk of incident ischemic heart disease: a prospective population study from the 1995 Canadian Nova Scotia Health Survey[END_REF]. This study examined the association between observed hostility at baseline and the incidence of CHD for a follow-up period of 10 years on 1749 adults of the '1995 Canadian Nova Scotia Health Survey' and found that participants with observed hostility were at a higher risk of developing CHD compared to their counterparts (adjusted HR=2.06, 95% CI= 1.04-4.08). This finding was not observed in Hearn, Murray and Luepker's study [START_REF] Hearn | Hostility, coronary heart disease, and total mortality: a 33-year follow-up study of university students[END_REF]. However, another study on personality traits including hostility and CVD mortality in 2008 [START_REF] Nabi | Does personality predict mortality? Results from the GAZEL French prospective cohort study[END_REF] showed that CVD mortality was neither associated with total hostility nor cognitive hostility but it was associated with behavioral hostility after adjusting for age, sex, marital status and education (HR= 2.32, 95% CI=1.02-5.27).

Depression and cardiovascular risk factors

The association between depression and increased risk of CVD could be explained by the cooccurrence of depression with cardiovascular risk factors [START_REF] An | Smoking, heavy drinking, and depression among U.S. middle-aged and older adults[END_REF][START_REF] Buckner | Problematic alcohol and cannabis use among young adults: the roles of depression and discomfort and distress tolerance[END_REF][START_REF] Dierker | Smoking and depression: an examination of mechanisms of comorbidity[END_REF][START_REF] Guo | Associations between depression risk, bullying and current smoking among Chinese adolescents: Modulated by gender[END_REF] , 2015). Smokers are 2 times more likely to be depressed compared to non-smokers [START_REF] Luger | How robust is the association between smoking and depression in adults? A meta-analysis using linear mixed-effects models[END_REF]. The association varies by gender and may be stronger in females [START_REF] Park | Associations between smoking and depression in adolescence: an integrative review[END_REF]. Alcohol drinkers are two times more likely to have depression compared to their counterparts [START_REF] Buckner | Problematic alcohol and cannabis use among young adults: the roles of depression and discomfort and distress tolerance[END_REF]. As for diabetes, individuals with diabetes are around 2 to 2.5 times more likely to suffer from depression compared to their counterparts without diabetes [START_REF] Mommersteeg | The association between diabetes and an episode of depressive symptoms in the 2002 World Health Survey: an analysis of 231,797 individuals from 47 countries[END_REF]. Hence, individuals with cardiovascular diseases risk factors are more prone to have depression and worse depression outcomes compared to their counterparts [START_REF] Compare | Clinical Psychology and Cardiovascular Disease: An Up-to-Date Clinical Practice Review for Assessment and Treatment of Anxiety and Depression[END_REF][START_REF] Glassman | Depression and cardiovascular comorbidity[END_REF][START_REF] Hare | Depression and cardiovascular disease: a clinical review[END_REF][START_REF] Lichtman | Depression and coronary heart disease: recommendations for screening, referral, and treatment: a science advisory from the American Heart Association Prevention Committee of the Council on Cardiovascular Nursing, Council on Clinical Cardiology, Council on Epidemiology and Prevention, and Interdisciplinary Council on Quality of Care and Outcomes Research: endorsed by the American Psychiatric Association[END_REF].

However, the association between depression and cardiovascular risk factors could be bidirectional. Individuals with depression have a higher risk of sudden cardiac death and overall cardiovascular mortality compared individuals without depression [START_REF] Hare | Depression and cardiovascular disease: a clinical review[END_REF].

In addition, individuals with depression are at a higher risk of being obese, alcohol users smokers, with hypertension and diabetes compared to those without depression [START_REF] Cleal | Diabetes and depression in Denmark 1996-2010: national data stratified by occupational status and annual income[END_REF][START_REF] Lagrotte | The relative association of obstructive sleep apnea, obesity and excessive daytime sleepiness with incident depression: a longitudinal, population-based study[END_REF][START_REF] Mannan | Is there a bi-directional relationship between depression and obesity among adult men and women? Systematic review and bias-adjusted meta analysis[END_REF][START_REF] Park | Associations between smoking and depression in adolescence: an integrative review[END_REF][START_REF] Pedrelli | Alcohol use and depression during adolescence and young adulthood: a summary and interpretation of mixed findings[END_REF].

Several studies showed that depression was associated with CVD incidence independently of traditional cardiovascular risk factors [START_REF] Almas | Severity of Depression, Anxious Distress and the Risk of Cardiovascular Disease in a Swedish Population-Based Cohort[END_REF][START_REF] Case | Atypical depression and double depression predict new-onset cardiovascular disease in U.S. adults[END_REF][START_REF] Gaye | High level of depressive symptoms as a barrier to reach an ideal cardiovascular health. The Paris Prospective Study III[END_REF][START_REF] Meneton | A Global View of the Relationships between the Main Behavioural and Clinical Cardiovascular Risk Factors in the GAZEL Prospective Cohort[END_REF]Nabi, Kivimaki, et al., 2010;Nicholson et al., 2006;[START_REF] Polanka | Are Cardiovascular Risk Factors Stronger Predictors of Incident Cardiovascular Disease in U.S. Adults With Versus Without a History of Clinical Depression?[END_REF][START_REF] Rutledge | Relationships between cardiovascular disease risk factors and depressive symptoms as predictors of cardiovascular disease events in women[END_REF][START_REF] Seldenrijk | Depression, anxiety and 6-year risk of cardiovascular disease[END_REF][START_REF] Van Der Kooy | Depression and the risk for cardiovascular diseases: systematic review and meta analysis[END_REF][START_REF] Whang | Depression and risk of sudden cardiac death and coronary heart disease in women: results from the Nurses' Health Study[END_REF][START_REF] Wu | Depression and the Risk of Myocardial Infarction and Coronary Death: A Meta-Analysis of Prospective Cohort Studies[END_REF][START_REF] Wulsin | Do depressive symptoms increase the risk for the onset of coronary disease? A systematic quantitative review[END_REF]. However, only two studies explored the interaction between depression and cardiovascular risk factors and found statistical interactions of depression with diabetes in women [START_REF] Rutledge | Relationships between cardiovascular disease risk factors and depressive symptoms as predictors of cardiovascular disease events in women[END_REF] and with hypertension in the general population [START_REF] Polanka | Are Cardiovascular Risk Factors Stronger Predictors of Incident Cardiovascular Disease in U.S. Adults With Versus Without a History of Clinical Depression?[END_REF]. In other words, few studies explored the hypothesis that depression may increase the risk of CHD in the presence of treatable cardiovascular risk factors, as one could expect based on studies suggesting that depression could be associated with poor medication adherence.

Depression and poor or non-adherence to medications for treatable cardiovascular risk factors

Adherence to medications is defined by the active involvement of the patients to take their prescribed medications. It includes the frequency, dosage, duration and timing of the medications prescribed by their physicians.

The prevalence of non-adherence to medications in treatable cardiovascular risk factors, which are hypertension, diabetes and dyslipidemia, is estimated to be 50% in developed countries [START_REF] Dimatteo | Patient adherence and medical treatment outcomes: a meta-analysis[END_REF]World Health Organization, 2003). Moreover, around 20% of newly prescribed medications are never filled, and around 50% of those filled are not taken correctly in terms of frequency, dosage, duration and timing (Osterberg & Blaschke, 2005). Therefore, improving adherence to medications treating these conditions is a critical challenge for public health (DiMatteo, 2004;[START_REF] May | We need minimally disruptive medicine[END_REF]Ting, Shojania, Montori, & Bradley, 2009).

Regarding the association between depression and adherence to medications for hypertension, diabetes and dyslipidemia, majority of the studies assessed the adherence to medication of each condition separately. There was an inconsistency in the findings. A recent meta-analysis on depression and adherence to medications in the United States showed that depressed individuals were 1.73 (95% CI: 1.24-2.87) and 1.79 times (95% CI: 1.28-2.51) more likely to be non-adherent to medications compared to non-depressed individuals with diabetes, and with hypertension or hyperlipidemia, respectively (Grenard et al., 2011). This suggests that the odds of being non-adherent with anti-diabetic medications is comparable to that with antihypertensive or lipid lowering medications. For instance, focusing on dyslipidemia, one study examined the adherence to medications for lowering the cholesterol level (Stilley, Sereika, Muldoon, Ryan, & Dunbar-Jacob, 2004) and it showed a significant negative correlation between depression and anxiety together and medication adherence.

Focusing on hypertension, a recent systematic review on the association between depression and adherence to antihypertensive medications showed that the rates of adherence to Meier, 2007;[START_REF] Sturmer | Personality, lifestyle, and risk of cardiovascular disease and cancer: follow-up of population based cohort[END_REF] but not in others [START_REF] Hashmi | Factors associated with adherence to anti-hypertensive treatment in Pakistan[END_REF]; E. Y. [START_REF] Kim | Does knowledge matter?: intentional medication nonadherence among middle-aged Korean Americans with high blood pressure[END_REF]Maguire, Hughes, & McElnay, 2008;Steiner et al., 2009;Wang et al., 2002). Focusing on diabetes, in the latest meta-analysis on diabetes treatment adherence and depression [START_REF] Gonzalez | Depression and diabetes treatment nonadherence: a meta-analysis[END_REF], only two articles studied the association between depression and adherence to anti-diabetic medications (Gonzalez et al., 2007;Kilbourne et al., 2005) and showed a negative association between these two variables. In addition, we found a significant negative association between depression and adherence to medications in individuals with diabetes in most of the previous studies (Dirmaier et al., 2010;Gonzalez, Safren, et al., 2008;Katon et al., 2009;Katz et al., 2016;Lin et al., 2004;Lunghi, Zongo, Moisan, Gregoire, & Guenette, 2017;Raum et al., 2012). Only one study did not show an association between these two variables when medication adherence was assessed using electronic caps (Kilbourne et al., 2005), whereas a negative association was observed when medication adherence was assessed using pharmacy data and self-reports.

Only five studies examined the association between depression and medication adherence to more than one condition jointly [START_REF] Aggarwal | Lifestyle and psychosocial risk factors predict non-adherence to medication[END_REF][START_REF] Berntson | Depressive symptoms and self-reported adherence to medical recommendations to prevent cardiovascular disease: NHANES 2005-2010[END_REF][START_REF] Hennein | Barriers to medication adherence and links to cardiovascular disease risk factor control: the Framingham Heart Study[END_REF][START_REF] Katzmann | Association of medication adherence and depression with the control of low-density lipoprotein cholesterol and blood pressure in patients at high cardiovascular risk[END_REF][START_REF] Weidenbacher | Extent and reasons for nonadherence to antihypertensive, cholesterol, and diabetes medications: the association with depressive symptom burden in a sample of American veterans[END_REF]). Among them, three studies assessed adherence to medication for hypertension and hypercholesterolemia jointly: one of them showed that depression was negatively associated with medication adherence [START_REF] Katzmann | Association of medication adherence and depression with the control of low-density lipoprotein cholesterol and blood pressure in patients at high cardiovascular risk[END_REF] and the other two studies showed no associations [START_REF] Aggarwal | Lifestyle and psychosocial risk factors predict non-adherence to medication[END_REF][START_REF] Berntson | Depressive symptoms and self-reported adherence to medical recommendations to prevent cardiovascular disease: NHANES 2005-2010[END_REF]. The two other studies assessed the three conditions jointly [START_REF] Hennein | Barriers to medication adherence and links to cardiovascular disease risk factor control: the Framingham Heart Study[END_REF][START_REF] Weidenbacher | Extent and reasons for nonadherence to antihypertensive, cholesterol, and diabetes medications: the association with depressive symptom burden in a sample of American veterans[END_REF] and both of them showed an association between depression and poor adherence to medication adherence.

To understand if the association between depression and increased risk of CVD could be explained by personality traits, we aimed to first examine the prospective association between depressive symptoms and incident cardiac events among the GAZEL volunteers, and then examine whether this association would change after further adjustment for hostility measures. However, the first step would have duplicated some results already published as a part of our study described in chapter 4. Therefore, for publication purposes, we modified the objective of this first study, which was indeed the second to be published, as follows:

The main objective of this published study was to examine whether different hostile traits (i.e.

cognitive hostility, behavioral hostility, irritability and negativism) measured at baseline predict incident cardiac events independently of depression measured at baseline and at repeated assessments. This objective was addressed among 10,304 GAZEL middle-aged workers free of CVD in 1993 ( Supplementary Figure 1) and followed over 20 years from 1994-2014 for validated incident cardiac events. Cardiac events were events due to angina pectoris or myocardial infarction.

The association between several hostile traits and incident cardiac events was studied after adjusting 1) for baseline socio-demographics and family history of CHD, then additionally 2)

for depressive symptoms and 3) for yearly self-reported modifiable cardiovascular risk factors (physical activity, smoking, body mass index (BMI), diabetes, dyslipidemia and hypertension). Models 2 and 3 were computed considering depression as either timeindependent or time-dependent.

The baseline characteristics of the 10,304 GAZEL participants included in the analyses are displayed in Supplementary Table 1.

Between 1994-2014, 581 new cardiac events were identified. After adjustment for socio-demographics, family history of CHD and time-independent depressive symptoms (time-independent Model 2), overall hostility was associated with incident cardiac events (HR for one interquartile range [95% CI]: 1.14 [1.01-1.29]), as was the irritability subscale (1.19 [1.04-1.37]) (Supplementary Table 2). These associations were no longer significant when depressive symptoms were considered as a time-dependent state or when additional modifiable risk factors were considered. Similar findings were observed when depressive symptoms were modeled as a continuous variable with a significant association for irritability vanishing when considering depressive symptoms as a time-dependent variable (Supplementary Table 3).

In contrast, regarding the first objective of our thesis, depressive symptoms measured as a time-dependent binary variable remained a significant predictor of incident cardiac events, whatever the hostile trait included in the model, even when adjusting for modifiable risk factors (Supplementary Table 2). Similar findings were observed when depressive symptoms were modelled as a time-dependent continuous variable (Supplementary Table 3).

In order to test whether hostile traits could increase the subsequent risk of depression (exploratory analyses), we additionally investigated the association between hostile traits and incident depressive symptoms adjusting for socio-demographics, family history of CHD and modifiable cardiovascular risk factors (exploratory analyses). We found that all hostile traits were significant predictors of incident depressive symptoms (Supplementary Table 4).

Compared to previous studies, this is the first study that investigated several hostile traits in relation to incident cardiac events. As well, it is the first study that assesses the association between hostile traits and incident cardiac events using time-dependent covariates. 

Supplementary

CHAPTER IV: DEPRESSION, TREATABLE CARDIOVASCULAR RISK FACTORS AND INCIDENT CARDIAC EVENTS IN THE GAZEL COHORT

To challenge the hypothesis that a lack of adherence to medications for treatable cardiovascular risk factors (i.e. hypertension, diabetes and dyslipidemia) could partly explain the association between depression and incident CVD, we first decided to examine whether depression modifies the prospective association between these treatable risk factors and incident cardiac events. This hypothesis would lead to the a priori prediction of an association between depression and incident CVD of greater magnitude in the presence of cardiovascular risk factors to treat. The incident cardiac events were either angina pectoris or myocardial infarction.

This objective was addressed in a French cohort study of 10,541 middle-aged men and women free of CVD at baseline, 1993 (Supplementary Figure 2) and followed over 20 years, from 1994-2014 for validated incident cardiac events. We wanted to study the interaction between depressive symptoms and each of treatable cardiovascular risk factors after adjusting for potential confounders (age, sex, parental history of CHD, occupational grade, obesity, smoking status and physical inactivity). Depressive symptoms, treatable cardiovascular risk factors and the confounders were studied as time-dependent variables except for sex, age, parental CHD history. In addition, to further explore whether depressive symptoms could predict incident cardiac events independently of hypertension, diabetes and dyslipidemia, analyses in different subpopulations were conducted.

The characteristics of participants who completed the Center for Epidemiologic

Studies Depression Scale (CES-D) compared to those who did not complete the CES-D questionnaire were displayed in Supplementary Table 5. Similarly, the characteristics of our final population, compared to excluded individuals due to at least one missing covariate were displayed in Supplementary Table 6. Between 1994-2014, 592 new cardiac events were identified.

Contrary to the a priori prediction derived from the hypothesis of poor medication adherence explaining the association between depression and incident CVD, no evidence of modification of the effects of hypertension, diabetes or dyslipidemia by depressive symptoms was found. Depressive symptoms were significantly associated with incident cardiac events, as were hypertension, diabetes and dyslipidemia. The effect size of depressive symptoms was similar to the effect size of each of hypertension and dyslipidemia on incident cardiac events (similar HR) and 0.61 times less than the impact of diabetes. Hence, we cannot neglect the potential impact of depressive symptoms in relation to cardiac events. Likewise, in the INTERHEART study, the psychological factors including depression accounted for 32.5% of acute MI whereas hypertension, diabetes and dyslipidemia accounted for 17.9%, 9.9% and 492.2% respectively (population-attributable risk) (Yusuf et al., 2004). Finally, interactions between depressive symptoms and these risk factors were not statistically significant and stratified analyses did not provide compelling indication that depression could predict incident cardiac events to a different extent among individuals with or without these risk factors over the entire follow-up. 

Supplementary

CHAPTER V: DEPRESSION AND NON-ADHERENCE TO TREATABLE CARDIOVASCULAR RISK FACTORS' MEDICATIONS IN THE CONSTANCES COHORT

To further examine whether lack of adherence to medications for treatable cardiovascular risk factors, which are hypertension, diabetes and dyslipidemia, could explain to some extent the association between depression and CVD in the general population, we decided in addition to the previous article to test the prospective association between depression and non-adherence to medications for treatable cardiovascular risk factors (hypertension, diabetes and dyslipidemia). We addressed this objective in the CONSTANCES cohort, a large-scale, diverse adult population living in France which includes information on medication adherence.

This objective was addressed among 4,998 individuals with hypertension, 793 with diabetes and 3,852 with dyslipidemia at baseline over 36 months of follow-up (two subsequent periods of 18 months). These individuals were followed over 36 months for medication non-adherence (i.e. less than 80% of trimesters with at least one drug dispensed).

The association between depression and non-adherence to medications treating type 2 diabetes and dyslipidemia were adjusted for socio-demographics, body mass index and personal history of cardiovascular disease at inclusion.

Among individuals with hypertension, diabetes and dyslipidemia, respectively 13.1% vs. 11.5%, 10.5% vs. 5.8% and 29.3% vs. 26.7% of those depressed versus those nondepressed were non-adherent over 18 months of follow-up, 15.9% versus 13.6%, 11.1% vs.

7.4% and 35.3% vs. 35.7% were non-adherent between 19-36 months.

Depression was neither associated with non-adherence to medications for hypertension, diabetes and dyslipidemia over the first 18 months of follow-up, nor afterwards.

Compared to previous studies, this is the first study that examines the association between depression and non-adherence to medications targeting the three main treatable cardiovascular risk factors in a single prospective, population-based cohort using administrative claim databases.

According to these results, the association between depression and CVD in the general population is unlikely to be explained by non-adherence to medications targeting hypertension, diabetes and dyslipidemia.

ABSTRACT:

Aims: Depression is associated with increased risk of cardiovascular disease and the role of poor medical adherence is mostly unknown. We studied the association between depression and non-adherence to medications targeting treatable cardiovascular risk factors in the CONSTANCES population-based French cohort.

Methods and Results:

We used CONSTANCES data linked to the French national healthcare database to study the prospective association between depression (assessed at inclusion with the Center for Epidemiological Studies Depression scale) and non-adherence to medications (less than 80% of trimesters with at least one drug dispensed) treating type 2 diabetes, hypertension and dyslipidaemia over 36 months of follow-up. Binary logistic regression models were adjusted for socio-demographics, body mass index and personal history of cardiovascular disease at inclusion. Among 4,998 individuals with hypertension, 793 with diabetes and 3,852 with dyslipidaemia at baseline, respectively 13.1% vs. 11.5%, 10.5% vs. 5.8% and 29.3% vs. 26.7% of those depressed versus those non-depressed were non-adherent over the first 18 months of follow-up (15.9% versus 13.6%, 11.1% vs. 7.4% and 35.3% vs. 35.7% between 19-36 months). Adjusting for all covariates, depression was neither associated with non-adherence to medications for hypertension, diabetes and dyslipidaemia over the first 18 months of follow-up, nor afterwards.

Conclusion:

Non-adherence to medications targeting treatable cardiovascular risk factors is unlikely to explain much of the association between depression and CVD at a population level. Depression should be considered as CVD risk factor on its own and other pathways should be further explored to identify innovative targets for preventive strategies.

INTRODUCTION

Depression is not only one of leading causes of disability worldwide, but it has been repeatedly associated with cardiovascular disease (CVD) 1, 2 . In addition, the prevalence of cardiovascular risk factors is highly increased in the presence of depression 3-5 . The association between depression and CVD could be partially explained by poor adherence to medications regarding treatable cardiovascular risk factors, namely hypertension, diabetes mellitus and dyslipidaemia. The prevalence of non-adherence to medications in chronic diseases, including hypertension, diabetes and dyslipidaemia 6 , is estimated to be 50% in developed countries 7 . Moreover, around 20% of newly prescribed medications are never filled, and around 50% of those that are filled are not taken correctly in terms of frequency, dosage, duration and timing 8 . As hypertension, diabetes, and hypercholesterolemia contribute to 68% of all deaths worldwide 6 , improving adherence to medications treating these conditions is a critical challenge for public health 9, 10 .

Overall, depression has been associated with poor adherence to medications in patients with these three conditions in various settings 11 . A recent meta-analysis showed that depressed patients are 1.76 times more likely to be non-adherent to chronic disease medications compared to their non-depressed counterparts. Specifically, the adjusted odds ratios (OR) of being non-adherent among depressed patients are 1.73 (95% confidence interval (CI): 1.24-2.87) and 1.79 (95% CI: 1.28-2.51) compared to non-depressed patients in six studies on diabetes and eight studies on hypertension or dyslipidaemia, respectively 11 .

However, adjustment variables differ from one study to the other and residual confounding could not be excluded. In addition, most of these data were gathered from clinical samples and evidence from the general population is sparse. To our knowledge, eight studies assessed these associations using population-based samples, but only three were prospective studies using objective measures of treatment adherence 12-14 and none of these studies assessed the three conditions jointly.

Taking advantage of a population-based cohort study linked to administrative claim database, we aimed to examine the prospective association between depression and subsequent non-adherence to medications targeting each of hypertension, diabetes type 2 and dyslipidaemia at two different time points in a large-scale, diverse adult population living in

France.

METHODS

Study Design

The CONSTANCES cohort is a large population-based study of 18-69 years old volunteers randomly selected from 22 health-screening centres (HSCs) in different districts across

France since 2012 that reached 200,000 participants by early 2019 15 . These volunteers were covered by the French national health insurance fund; hence, this study covered 85% of the adult population in France and excluded self-employers, farmers and undocumented immigrants.

Volunteers were asked at inclusion to complete self-administrated questionnaires by mail on lifestyle and socio-demographic characteristics as well as socio-professional and health statuses. Additionally, they underwent health examination such as laboratory tests and physical examination in the HSCs. If a new disease was discovered after the full assessment, including hypertension, diabetes and dyslipidaemia, the participants were informed and offered a medical consultation to review their results with the HSC physicians. 

Study Populations

We first defined the presence of hypertension, diabetes type 2 and dyslipidaemia by either self-reports in the medical questionnaire administrated by the physician at inclusion, or uncontrolled blood pressure/blood tests on the medical examination offered at study inclusion, or both. Uncontrolled blood pressure was defined as a systolic blood pressure of ≥140 mmHg and/or diastolic blood pressure of ≥90 mmHg. Uncontrolled glycaemia, cholesterol, triglycerides levels were defined as fasting glucose ≥7 mmol/l, fasting total cholesterol ≥6.61 mmol/l and/or fasting triglycerides ≥1.7 mmol/l respectively. Blood pressure and blood tests were collected from laboratory tests at inclusion during the visit to the HSCs based on standardized procedures 17 . For instance, blood pressure was measured using oscillometric sphygmomanometer based after 5 minutes of rest. The blood tests were collected and pretreated within a maximum of 30 minutes period, then transported to the central laboratory on the same day at 4-8 degrees 15 .

A total of 151,207 participants were enrolled in CONSTANCES between February 2012 and March 1, 2018. Among them, 128,700 had available SNIIRAM data and 45,052

were included before January 1, 2015, thus with 36 months of follow-up (Supplementary Figure 3). Among these 45,052 individuals, we included individuals with the condition, who deliverance and the date of the participant's inclusion divided by 91 since the unit was in days. If the percentage was below 80%, a commonly used threshold in studies of medication non-adherence 20 , then the participant was considered non-adherent.

Assessment of covariates

Age (continuous, years), sex, living with a partner (yes; no), country of birth (France; other), educational level (≤ high school diploma: ≤13 years of education; undergraduate degree: between 14 and 16 years of education; postgraduate degree: ≥17 years of education) and employment status (yes; no) were collected at inclusion from volunteers' self-reports.

Physical activity (0: not active to 6: very active) and prescribed and followed diet (yes, no) at inclusion were also collected from the same source for descriptive purpose. Personal history of CVD (yes: history of angina pectoris, myocardial infarction, stroke or peripheral arterial diseases; no) was collected from the medical questionnaires administrated by the physician at inclusion. Body mass index, BMI (<25; ≥25 and <30; ≥30 kg/m 2 ) was calculated at inclusion.

Statistical analysis

All analyses were conducted using the SAS system software (version 9.4, SAS Institute, Cary, NC). Descriptive statistics using independent t-tests, Chi-Square and Fisher's exact tests were computed for demographic and clinical characteristics by depression status. We studied the association between depression at inclusion and non-adherence to medications treating hypertension, diabetes or dyslipidaemia either after 18 months or between 19 and 36 months of follow-up using unadjusted and fully-adjusted logistic regression models. Fully-adjusted models were adjusted for all the covariates mentioned above, except for prescribed diet and physical activity. These two variables were excluded since they could be both part of the nonpharmacological treatment of the condition, thus capturing a part of medical adherence. In other words, adjusting for these variables may result in an artificial underestimation of the association of depression with medication non-adherence.

Since socio-demographics (i.e. age, sex and educational level) may be effect modifiers of the association between depression and non-adherence to medications, we tested for statistical interactions between depression and these variables. Should these interactions be significant, we planned to further examine the association between depression and nonadherence to medications in stratified analyses.

All analyses were computed using multiple imputations to handle missing values in the covariates. Hence, our three study populations included 4,998 individuals with hypertension, 793 individuals with diabetes and 3,852 individuals with dyslipidaemia.

RESULTS

The characteristics of participants with hypertension (N=4,998), diabetes (N=793) and dyslipidaemia (N=3,852) are presented in Table 1. The overlap between the three populations under study is displayed in Supplementary Figure 4. The prevalence of depression varied from 16.2% to 21.8% with the highest proportion found among individuals with diabetes. The majority of study participants were men, living with a partner, French by birth, nonemployed, physically active, had a high school diploma at best and a BMI between 25 and 30, did not follow a prescribed diet, did not have a personal history of CVD. Over the first 18 months of follow-up, 0.2% of individuals with hypertension, 0.4% with diabetes and 0.3% with dyslipidaemia died and thus were not included in the subsequent analyses as well as 0.9%, 1.4% and 1.0% between 19-36 months.

Among individuals with hypertension, diabetes and dyslipidaemia, respectively 13.1% vs. 11.5%, 10.5% vs. 5.8% and 29.3% vs. 26.7% of those depressed versus those nondepressed were non-adherent (i.e. non-adherence to medication was defined by a proportion of trimesters with at least one drug dispensed of <80%) over the first 18 months of follow-up (15.9% versus 13.6%, 11.1% vs. 7.4% and 35.3% vs. 35.7% between 19-36 months).

Among participants with each of diabetes, hypertension and dyslipidaemia, depression was neither associated with non-adherence to medications over the first 18 months of followup, nor afterwards (Table 2). We did not find any statistical interactions between depression and socio-demographic variables (all P≥0.06); hence, we did not stratify our models according to these variables.

DISCUSSION

This study aimed to examine the prospective association between depression and nonadherence to medications for treatable major cardiovascular risk factors, namely hypertension, diabetes type 2, and dyslipidaemia, in a population-based setting. Overall, the results suggest that depression was neither associated with non-adherence to medications for each of hypertension, diabetes and dyslipidaemia over the first 18 months, nor afterwards.

There were certain strengths in this study. First, this is the first study that examines the association between depression and non-adherence to medications targeting the three main treatable cardiovascular risk factors in a single prospective, population-based cohort using administrative claim databases. Second, the systematic linkage between a national populationbased cohort and a national healthcare administrative database offered the opportunity to use actual deliverance as dependent variable with no loss to follow-up while considering several potential confounders. Overall, except for educational level, the significant associations of these potential confounders with non-adherence to medications were somehow consistent with those found in the literature 21-24 . Third, the CONSTANCES cohort is a large community-based population in different districts and cities across France, with diversity regarding socio-demographics. Fourth, the clinical and laboratory data were collected according to standardized procedures by specialized teams at health-screening centres 17 .

Fifth, because the results of these procedures were disclosed to the participants, nonadherence is unlikely to be explained by a lack of awareness of the disease.

However, this study had also limitations and they mainly arose from the characteristics of the SNIIRAM database. First, this database does not provide detailed information on the conditions warranting the prescription of medications. For instance, some anti-diabetic medications may be prescribed to lose weight 25 . Second, the SNIIRAM database does not contain information about actual medication use. However, it is unlikely that patients with regularly filled prescriptions did not take their medication at all. Third, detailed information about non-pharmacological treatments was not available in this database.

For instance, participants who did not take pharmacological treatment were considered to be non-adherent, although some of them were perhaps prescribed non-pharmacological treatments (i.e. change in diet, loss or control of weight, increase physical activity) only 26, 27 .

Fourth, depression was assessed using the CES-D scale which measures self-reported depressive symptoms and not major depression, and it was assessed only once at baseline and may reflect a transient state that is not present later during follow-up.

The lack of association between depression and non-adherence to medications for hypertension or dyslipidaemia in the participants concerned was not in line with our hypothesis. It was indeed consistent with the results of some previous studies 28-30 but not with others 31-36 for hypertension. It was also not in line with the results of one study for dyslipidaemia 37 ; however, the authors did not assess depression by itself: they combined it with anxiety. Overall, these studies were either retrospective 29, 33 or prospective with a follow-up period of 2 years at best. Furthermore, only three studies 12-14 used prospective population-based cohorts to assess the medication adherence based on objective measures.

These studies showed a positive association between depression and non-adherence to medications over time. However, the first study measured non-persistence rather than nonadherence 13 . The second study assessed non-adherence to cardio metabolic medications among adults with diabetes 12 and the third one used either depression or anxiety as an independent factor among old adults with hypertension 14 .

In contrast, the lack of a significant association between depression and non-adherence to medications in individuals with diabetes is more difficult to reconcile with the literature 38- 45 . Only two studies 46, 47 showed no association between these two variables and mainly when medication adherence was assessed using electronic caps 47 . However, most studies linking depression with non-adherence to anti-diabetic medication were either retrospective studies 38- 40 or prospective with only one time at follow-up. It is noteworthy that, in our study, the lack of statistical significance in the association between depression and anti-diabetic medications could be explained by the small number of individuals with diabetes and the low proportion of those being non-adherent to anti-diabetic medications. Indeed, although not significant, depression had an almost two-time higher odd of being non-adherent to anti-diabetic medications, whereas this odd was close to one for antihypertensive or lipid lowering medications. Compared to hypertension and dyslipidaemia, the treatment for controlling diabetes is by far more demanding for patients, as they have not only to implement both pharmacological and non-pharmacological treatments, but also to monitor the condition several times a day, as well as being aware of possible acute complications of both the disease (e.g. ketoacidosis) and treatment (e.g. hypoglycaemia) and to be prepared to manage them in first line; hence depression can intervene at different components of the management of the disease, leaving more room to it to interfere with medication adherence. Finally, the effect of a potential association between depression at inclusion and non-adherence to anti-diabetic medication may have reduced after 18 months of follow-up because depression is a potentially transient state rather than a definitive trait.

In conclusion, in a population-based cohort, depression was not associated with nonadherence to medications for hypertension, diabetes and dyslipidaemia. Although we may have lacked power for anti-diabetic medications, our results suggest that non-adherence to medications targeting treatable cardiovascular risk factors is unlikely to explain much of the association between depression and CVD. Although this association has been established for years, ruling out the hypothesis of a mediation by medication non-adherence is critical for depression to be considered as CVD risk factor on its own 2 . Our finding suggests that other pathways including biological pathways (i.e. autonomic dysregulation 48 ) should be further explored to understand this association and identify relevant targets for preventive strategies.
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CHAPTER VI: DISCUSSION

The aim of the present PhD thesis was to test the potential explanatory hypotheses regarding the association between depression and the increased risk of CVD in two French cohorts, GAZEL and CONSTANCES cohorts. The two hypotheses were that the association between depression and increased risk of CVD could be either explained by personality traits or by lack of adherence to treatable cardiovascular risk factors.

Hence, in this section, we first present the summary of the main findings of our three articles presented in Chapters III to IV, and then we discussed their contributions to the current literature. Finally, we concluded with perspectives related to this present PhD thesis.

Summary of the results

Summary results of Chapter III

In Chapter III, we observed, after adjustment for socio-demographics, family history of CHD and time-independent depressive symptoms, that overall hostility and irritability subscales were associated with incident cardiac events. These associations, however, were no longer significant when depressive symptoms were considered as a time-dependent state or when additional modifiable risk factors were considered. Similar findings were observed when depressive symptoms were modeled as a continuous variable with a significant association for irritability vanishing when considering depressive symptoms as a time-dependent variable. In contrast, depressive symptoms remained a significant predictor of incident cardiac events, whatever the hostile trait included in the model trait (i.e. irritability, negativism, behavioral hostility or cognitive hostility), even when adjusting for modifiable risk factors.

Summary results of Chapter IV

In Chapter IV, we did not obverse statistical interactions between depressive symptoms and treatable cardiovascular risk factors (hypertension, diabetes and dyslipidemia) in relation to incident cardiac events. Stratified analyses did not provide compelling evidence that the risk of developing a cardiac event associated with depression increased in the presence of these risk factors over the entire follow-up. In addition, depressive symptoms were significantly associated with incident cardiac events independently of treatable cardiovascular risk factors.

More specifically, depressive symptoms were associated with incident cardiac events as were treatable cardiovascular risk factors.

Summary results of Chapter V

In Chapter V, we did not observe associations between depression and non-adherence to medications for treatable cardiovascular risk factors nor over the first 18 months of follow-up nor afterwards.

suggesting that depressive symptoms may mediate to some extent the association of these personality traits with incident CVD. Another explanation could be the methodology where most of these studies [START_REF] Appleton | A Role for Behavior in the Relationships Between Depression and Hostility and Cardiovascular Disease Incidence, Mortality, and All-Cause Mortality: the Prime Study[END_REF][START_REF] Barefoot | Hostility, incidence of acute myocardial infarction, and mortality in a sample of older Danish men and women[END_REF][START_REF] Everson | Hostility and increased risk of mortality and acute myocardial infarction: the mediating role of behavioral risk factors[END_REF][START_REF] Everson-Rose | Chronic stress, depressive symptoms, anger, hostility, and risk of stroke and transient ischemic attack in the multi-ethnic study of atherosclerosis[END_REF][START_REF] Hearn | Hostility, coronary heart disease, and total mortality: a 33-year follow-up study of university students[END_REF][START_REF] Izawa | Cynical hostility, anger expression style, and acute myocardial infarction in middle-aged Japanese men[END_REF][START_REF] Meesters | Hostility and myocardial infarction in men[END_REF][START_REF] Tindle | Optimism, cynical hostility, and incident coronary heart disease and mortality in the Women's Health Initiative[END_REF] measured hostility using the Cook-Medley Hostility Scale which measures mainly cynical hostility. Indeed, considering cognitive hostility, that is the BDHI subscale closest to the cynical distrust construct, adjusted models considering all variables, including depressive symptoms, as time-dependent even yielded negative association. However, we should not interpret this result as suggesting that cognitive hostility is a protective factor, since it may eventually have a detrimental effect through the increased risk of incident depressive symptoms as shown in our exploratory analyses.

Moreover, irritability was associated with incident cardiac events when further adjusting for time-independent depressive symptoms (binary and continuous measures) but this association vanished when depressive symptoms were considered as a time-dependent variable. This could be explained by depression being a potentially transient state and varying over time which results in variation of its effect on CVD risk. Indeed, when depressive symptoms were measured at baseline, they were not associated with incident cardiac events but when they were measured at repeated assessments, they became significant predictors of incident cardiac events. However, we cannot conclude that depressive symptoms could be a mediator of the association between irritability and incident cardiac events since we could not run formal mediation analyses due to the small effect size of the association between irritability and cardiac events.

A significant limitation of our study is that hostility was measured only at baseline.

Although personality is considered to be stable in adulthood [START_REF] Roberts | The rank-order consistency of personality traits from childhood to old age: a quantitative review of longitudinal studies[END_REF], hostility levels may change over time. Moreover, the only hostile trait that was associated with incident cardiac event while considering depressive symptoms as time-independent state (continuous and binary measure) was irritability, which is a symptom of depression. Indeed, irritability is prevalent in patient with MDD and it was associated with increased risk of cardiovascular disease [START_REF] Perlis | Prevalence and clinical correlates of irritability in major depressive disorder: a preliminary report from the Sequenced Treatment Alternatives to Relieve Depression study[END_REF]. Hence, irritability should be considered as a state rather than a trait since it could be a symptom of depression.

The second and third findings of our thesis suggest that the association between depression and CVD is unlikely to be substantially explained by a lack of adherence to medications for treatable cardiovascular risk factors.

First, we found no evidence of modification of the effects of hypertension, diabetes or dyslipidemia on CVD risk by depressive symptoms. Not only the interactions between depressive symptoms and these risk factors were not statistically significant, but also stratified analyses did not provide compelling indication that depressive symptoms could predict incident cardiac events to a different extent among individuals with or without these risk factors over the entire follow-up. This was not in line with two previous studies that found statistical interactions of depression with diabetes in women [START_REF] Rutledge | Relationships between cardiovascular disease risk factors and depressive symptoms as predictors of cardiovascular disease events in women[END_REF] and with hypertension in the general population [START_REF] Polanka | Are Cardiovascular Risk Factors Stronger Predictors of Incident Cardiovascular Disease in U.S. Adults With Versus Without a History of Clinical Depression?[END_REF]. In addition, depressive symptoms were robustly associated with incident cardiac events independently of other cardiovascular risk factors which was in line with most of the previous studies [START_REF] Almas | Severity of Depression, Anxious Distress and the Risk of Cardiovascular Disease in a Swedish Population-Based Cohort[END_REF][START_REF] Case | Atypical depression and double depression predict new-onset cardiovascular disease in U.S. adults[END_REF][START_REF] Gaye | High level of depressive symptoms as a barrier to reach an ideal cardiovascular health. The Paris Prospective Study III[END_REF][START_REF] Meneton | A Global View of the Relationships between the Main Behavioural and Clinical Cardiovascular Risk Factors in the GAZEL Prospective Cohort[END_REF]Nabi, Kivimaki, et al., 2010;Nicholson et al., 2006;[START_REF] Polanka | Are Cardiovascular Risk Factors Stronger Predictors of Incident Cardiovascular Disease in U.S. Adults With Versus Without a History of Clinical Depression?[END_REF][START_REF] Rutledge | Relationships between cardiovascular disease risk factors and depressive symptoms as predictors of cardiovascular disease events in women[END_REF][START_REF] Seldenrijk | Depression, anxiety and 6-year risk of cardiovascular disease[END_REF][START_REF] Van Der Kooy | Depression and the risk for cardiovascular diseases: systematic review and meta analysis[END_REF][START_REF] Whang | Depression and risk of sudden cardiac death and coronary heart disease in women: results from the Nurses' Health Study[END_REF][START_REF] Wu | Depression and the Risk of Myocardial Infarction and Coronary Death: A Meta-Analysis of Prospective Cohort Studies[END_REF][START_REF] Wulsin | Do depressive symptoms increase the risk for the onset of coronary disease? A systematic quantitative review[END_REF] and with our previous finding (analyses of Chapter III). Thus, it is unlikely that non-adherence to medications related to these risk factors substantially explains the association between depression and incident cardiac events.

Second, depression was not associated with non-adherence to medications for hypertension, diabetes and dyslipidemia over two subsequent periods of 18 months of followup. Comparing to the literature, only three studies assessed the association between depression and non-adherence to medications prospectively using objective measures of adherence (Bauer et al., 2017;Gentil, Vasiliadis, Preville, Bosse, & Berbiche, 2012;Sjosten et al., 2013). The first study measured non-persistence rather than non-adherence (Sjosten et al., 2013), the second study used either depression or anxiety as an independent factor among old adults with hypertension (Gentil et al., 2012) and the third one assessed non-adherence to cardiometabolic medications among adults with diabetes (Bauer et al., 2017). Moreover, no previous studies examined the association between depression and non-adherence to medications targeting the treatable cardiovascular risk factors jointly in a single prospective and population-based cohort using administrative claim databases.

While depression appeared to have no effect on non-adherence to antihypertensive and lipid lowering medications with odds ratios close to one, depressed individuals with diabetes tended to be almost two-times more likely to be non-adherent compared to non-depressed ones. The statistical non-significance of this association may be due to both the small number of non-adherent cases or participants with diabetes. This finding may be explained by the fact that controlling of diabetes is more demanding for the individuals with diabetes since it involves monitoring the disease in addition to be adherent to pharmacological and nonpharmacological treatments. Moreover, diabetes mellitus alone worsens the mechanisms of CVD and mainly of heart failure and atherosclerosis: around 2/3 or 66.7% of deaths are attributable to CVD in individuals with diabetes mellitus where 40% of deaths and 10% are resulted from CHD and stroke respectively [START_REF] Gregg | Changes in diabetes-related complications in the United States, 1990-2010[END_REF]. Hence, diabetes must be treated to reduce the CVD outcomes. However, managing hyperglycemia reduces significantly the risk of nephropathy and retinopathy (when additionally controlling for blood pressure), it is not the case of the reduction of CVD risk. In other terms, managing hyperglycemia by controlling the glycemic level (HbA1c) alone cannot reduce the CVD outcomes; it should be combined with aggressive management of hypertension (by lowering blood pressure) and hypercholesteremia (by lowering LDL cholesterol levels) to significantly reduce the CVD outcomes (Low [START_REF] Low Wang | Clinical Update: Cardiovascular Disease in Diabetes Mellitus: Atherosclerotic Cardiovascular Disease and Heart Failure in Type 2 Diabetes Mellitus -Mechanisms, Management, and Clinical Considerations[END_REF]. However, the role of diabetes mellitus management with regard to the prevention of CVD remains unclear and this topic needs to be further investigated since there are still some unmet needs. For example, the risk-benefit ratio as well as the timing of introduction of new drugs and interventions for lowering glucose remain unclear. Moreover, a strategy for prioritizing diabetes mellitus management in order to reduce the CVD risk is needed for individuals with diabetes who take more multiple drugs to control their glycemic level and CVD risk. Finally, further studies are also needed for the recommended blood pressure goals and anti-dyslipidemia drugs (Low [START_REF] Low Wang | Clinical Update: Cardiovascular Disease in Diabetes Mellitus: Atherosclerotic Cardiovascular Disease and Heart Failure in Type 2 Diabetes Mellitus -Mechanisms, Management, and Clinical Considerations[END_REF]. But, since depression had no impact on non-adherence to medications for hypertension and dyslipidemia, hence, this should not be an issue in our case.

Finally, in this study, although one may challenge our measure of medication adherence, this choice was based on two reasons. First, our data on medication adherence (i.e.

deliverance) was skewed to the right since most participants were adherent to their medications; hence, we assessed it as a binary variable. Second, to ease comparisons with the literature, we used the commonly used and convenient threshold in the literature for the three conditions. Therefore, this is the optimal option for assessing medication adherence for the three conditions in our study.

Conclusion

Briefly, our results first showed that the association between depressive symptoms and cardiac events is unlikely to be explained by hostile traits. From a clinical perspective, this result means that the management of depression should prevail over the management of hostility when it comes to prevent CVD. This conclusion may also apply to the hypothesis,

suggested but yet untested, that depression may mediate the association between some hostile traits, especially irritability, and CVD. Although randomized controlled trials aiming to treat depression in order to improve cardiovascular outcomes in patients with already established CVD have to date been mostly disappointing, evidence regarding primary prevention is sparse and our results leave room to hope that a better prevention and treatment of depression could contribute to some extent to prevent CVD.

Second, our results suggest that the association between depressive symptoms and cardiac events is unlikely to be explained by a heightened impact of these cardiovascular risk factors (hypertension, diabetes and dyslipidemia) and that depressive symptoms may even not be associated with non-adherence to medications for these cardiovascular risk factors. From a clinical perspective, it means that poor management of traditional cardiovascular risk factors does not explain excess risk of cardiovascular disorder among persons who are depressed and argues for a direct association.

Hence, in conclusion, the association between depression and CVD is explained neither by hostile traits nor by non-adherence to medications for treatable cardiovascular risk factors.

Our results, although not in position to rule out other behavioral pathways (e.g., poor diet, low physical activity), rather suggest that depression should be viewed and treated as a risk factor of cardiovascular disease of its own. One may argue that the treatment of depression does not prove efficient in reducing the risk of CVD, but this may as well apply to diabetes and does not justify refraining from treating people. Meanwhile, our results also add support to previous findings showing that effect sizes of the association of depression with incident CVD are within the range of those observed for the so-called "traditional" CVD risk factors.

Thus, depression appears to be a key risk factor of cardiovascular disease and should be systematically screened for and treated in primary and specialized care.

Perspectives

First, future studies may also consider irritability as potentially time-varying, that is a state rather than a trait. However, should irritability have varied according to depression, it may have remained associated with cardiac events but, in this case, would have been interpreted as a mere symptom of depression, leading to similar conclusions.

Second, since the hypothesis of a mediation for the impact of depression on incident CVD by medication non-adherence was not tested as the first assumption of such hypothesis was not verified, that is the lack of association between depression and medication nonadherence. Specifically, future studies focusing on medication non-adherence to treatable cardiovascular risk factors as a potential mediator may explore whether it could be the case in individuals with diabetes, in larger samples. Other definitions of medications non-adherence could also be tested to strengthen our conclusion on this topic.

Third, further research is needed to identify the plausible mechanisms underlying the association between depression and incident CVD. In other terms, other pathways, such as biological pathways, should be further explored to understand the association between depression and incident CVD and to identify relevant targets for efficient and specific preventive strategies.

Finally, at clinical and public health levels, depression should be considered as a cardiovascular risk factor on its own that may help to stratify the risk of future CVD. The added value of integrating depression in to CVD risk equation could be tested.
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  femmes âgées de 35 à 50 ans et 15,011 hommes âgés de 40 à 50 ans). Ces individus représentent 46 % des agents de l'ancienne compagnie EDF-GDF. Ils ont été suivis depuis 1989 à partir des autoquestionnaires annuels envoyés chaque année par courrier et des bases de données médicoadministratives. La Commission Nationale Informatique et Liberté et le comité d'éthique de l'Institut National de la Santé et de la Recherche Médicale ont approuvé l'étude et les volontaires ont donné leur consentement par écrit.

  2012 et 2019 plus de 200 000 personnes au sein de 22 centres d'examens de santé (CES) de la sécurité sociale dans 17 départements Français en 2019. Les personnes invitées à participer étaient tirées au sort et avaient entre 18 et 69 ans à l'inclusion. La population-cible représente 85 % de la population générale après avoir exclu les personnes sans autorisation de séjour, les agriculteurs et les professionnels indépendants. Les volontaires ont passé un examen de santé dans les CES et ils ont rempli des autoquestionnaires sur leur santé, leurs caractéristiques sociodémographiques et leur statut socioprofessionnel par courrier à l'inclusion. Les données des volontaires ont été appariées à la base de données du Système national d'information interrégimes de l'assurance maladie (SNIIRAM) grâce à leurs identifiants spécifiques. Cette base de données comprenait des informations sur les médicaments remboursés par l'assurance maladie depuis 1 janvier 2009 jusqu'au 31 décembre 2017. Ainsi, cette base a permis de mesurer indirectement l'adhésion au traitement médicamenteux de plusieurs maladies, y compris les facteurs de risque cardiovasculaire modifiables par un traitement médicamenteux (l'hypertension, le diabète et la dyslipidémie). La Commission nationale Informatique et des Libertés (CNIL), l'Institut national de la santé et de la recherche médicale (INSERM), le Conseil National de l'Ordre des Médecins (CNOM) et le Conseil National de l'Information Statistique (CNIS) ont approuvé l'étude.

  ) L'hostilité été évaluée en 1993 par la version Française du Buss and Durkee Hostility Inventory qui est validée dans un échantillon de 408 participants de la cohorte GAZEL. Ce questionnaire est composé de 75 items mesurant huit sous-échelles de l'hostilité : l'impulsivité, l'hostilité verbale, l'hostilité indirecte, l'irritabilité, le négativisme, le ressentiment, la suspicion et la culpabilité. L'hostilité totale est la somme de toutes ces souséchelles sauf celle mesurant la culpabilité. L'hostilité est regroupée en deux dimensions principales : l'hostilité cognitive (pensées hostiles) comprenant les sous-échelles « ressentiment » et « suspicion », et l'hostilité comportementale (actes hostiles) comprenant les sous-échelles « impulsivité », « hostilité indirecte » et « hostilité verbale ». Nous avons considéré les scores d'hostilité totale (coefficient α de Cronbach = 0,88), l'hostilité cognitive (coefficient α de Cronbach = 0,78) et l'hostilité comportementale (coefficient α de Cronbach = 0,80) ainsi que deux sous-échelles non prises en compte dans les dimensions cognitives et comportementales qui sont l'irritabilité (coefficient α de Cronbach = 0,70) et le négativisme (coefficient α de Cronbach = 0,53). L'hostilité totale et les traits d'hostilité (l'hostilité cognitive, l'hostilité comportementale, l'irritabilité et le négativisme) ont été considérés comme des variables continues en prenant leur écart interquartile comme unité de mesure.

  Les co-variables suivantes ont été recueillies annuellement entre 1993 au 2013 sauf l'âge, le sexe et les antécédents familiaux de maladies coronariennes qui ont été recueillies en 1993 : ▪ L'âge ▪ Le sexe ▪ Le groupe fonctionnel (catégories socio-professionnelles) ▪ Les antécédents familiaux de maladies coronariennes ▪ L'activité physique ▪ Le tabagisme ▪ L'obésité (indice de masse corporelle ≥ 30 kg/m 2 ) pour le premier objectif ▪ L'indice de masse corporelle catégorisé en 3 classes (< 25 ; entre ≥ 25 et < 30 ; ≥ 30 kg/m 2 ) pour le deuxième objectif

  Participants' data were matched to the 'Système National d'Information Interrégimes de l'Assurance Maladie' (SNIIRAM) database through specific identifiers. This database included information on all reimbursed medications16 , which served to identify the use and adherence to pharmacological treatments targeting several diseases including cardiovascular risk factors such as diabetes, hypertension and dyslipidaemia from January 1, 2009 to December 31, 2017. The CONSTANCES cohort received authorization from regulatory bodies supervising medical research in France which are the 'Commission de l'Informatique et des Libertés -CNIL' (authorization no. 910486), the Institutional Review Board of the National Institute for Medical Research-INSERM, the 'Conseil National de l'Ordre des Médecins -CNOM' and 'Conseil National de l'Information Statistique -CNIS' 15 .

  

  

  

  

4. Résultats 4.1. Les résultats du premier objectif/article

  

	symptômes dépressifs ont été considérés successivement comme des variables dépendantes ou
	indépendantes du temps.
	Pour le deuxième objectif, nous avons étudié la relation entre les symptômes,
	l'hypertension, le diabète et les dyslipidémies d'une part et les évènements cardiaques
	incidents d'autre part, en utilisant des modèles de régression de Cox à risque proportionnel en
	ajustant sur les co-variables. Nous avons d'abord testé les interactions entre les symptômes
	dépressifs et ces trois facteurs de risque cardiovasculaires dans les modèles multivariés. Puis,
	dans des analyses stratifiées, nous avons étudié la relation entre les symptômes dépressifs et
	les évènements cardiaques incidents selon la présence ou non de ces facteurs de risque
	cardiovasculaire en ajustant sur les même co-variables.
	Pour le troisième objectif, nous avons étudié la relation entre la dépression et la non-
	adhésion au traitement médicamenteux pour l'hypertension, le diabète et la dyslipidémie au
	cours des deux périodes de suivi (après 18 mois et entre 19-36 mois) en utilisant des modèles
	de régressions logistiques binaires en ajustant sur les co-variables sélectionnées.
	Durant ces 20 années de suivi, 581 personnes ont été victimes d'un accident cardiaque. Dans
	les modèles utilisant les symptômes dépressifs comme une variable dépendante du temps, les
	Plus précisément, pour le premier objectif, nous avons étudié la relation entre les symptômes dépressifs étaient associés aux événements cardiaques incidents indépendamment
	symptômes dépressifs et les évènements cardiaques incidents en ajustant sur les mesures des mesures d'hostilité qui, elles, ne l'étaient pas.
	d'hostilité ainsi que sur les variables sociodémographiques, les antécédents familiaux des
	maladies coronariennes et les autres facteurs de risque cardiovasculaires traditionnels. Les

▪ Le statut marital (vivre avec un partenaire ou non) ▪ Le pays de naissance ▪ Le niveau d'éducation ▪ Le statut vis-à-vis de l'emploi ▪ Les antécédents personnels de maladies cardiovasculaires ▪ L'indice de masse corporelle catégorisé en 3 classes (< 25 ; entre ≥ 25 et < 30 ; ≥ 30 kg/m 2 )

3.3. Analyses statistiques

Pour étudier les deux premiers objectifs, nous avons sélectionné les individus qui ne présentaient pas de maladies cardiovasculaires au début de suivi et qui ont complété l'échelle CES-D en 1993. Ces individus ont été suivis annuellement de l'année 1994 jusqu'à 2014 en ce qui concerne l'apparition d'un accident ou d'une maladie cardiaque éventuels.

4.2. Les résultats du deuxième objectif/article

  

	important que les cliniciens et les acteurs de la santé publique considèrent la dépression
	comme un facteur de risque cardiovasculaire en soi. Par ailleurs, des recherches
	supplémentaires sont nécessaires pour identifier les mécanismes qui sous-tendent la relation
	entre la dépression et l'incidence des maladies cardiovasculaires.	
	Mots clés : dépression ; maladie cardiovasculaire ; adhésion aux médicaments ; facteurs de
	risque	cardiovasculaire ;	épidémiologie.

2.1 Cardiovascular disease (CVD)

  .56 billion cases in 2025[START_REF] Kearney | Global burden of hypertension: analysis of worldwide data[END_REF] and 629 million cases in 2045(International Diabetes Federation, 2017) respectively, and hypercholesterolemia contributes to 29.7 million cases annually (World Health Organization, 2017). As well, diabetes contributed to 1.5 million deaths in 2012 (World Health Organization, 2016), hypertension and hypercholesterolemia contributed to 7.5 million (World Health Organization, 2009) and 2.6 million deaths (World Health Organization, 2017) annually respectively. In other terms, these three conditions contribute to 68% of all deaths (World Health Organization, 2014).

	CVD is a group of diseases that affect either the heart or the blood vessels: rheumatic heart
	disease, coronary heart disease (CHD), cerebrovascular disease (including stroke), peripheral
	arterial disease, congenital heart disease (heart disease at birth) and cardiomyopathies (World
	Health Organization, 2017, May 17). The most common type is coronary heart disease. It is
	the blockage or narrow of the heart arteries due to atherosclerosis which is an accumulation of

fatty deposits (i.e. cholesterol) on the blood vessels' inner walls causing angina pectoris (chest pain) or heart attack (myocardial infarction (MI) (World Health Organization, 2017,

May 17)

.

CVD is a leading cause of death worldwide according to the World Health Organization (WHO) (World Health Organization, 2017,

May 17)

. For instance, in 2016, worldwide, CVD contributed to 31% of total mortality, almost 17.9 million deaths. These deaths were mainly due to stroke and heart attack since both of them represented 85% of these deaths (World Health Organization, 2017,

May 17)

. The number of CVD deaths is projected to reach 23.6 million by 2030 (World Health Organization). In France, CVD is the second leading cause of death with approximately 140,000 deaths per year (Ministère des Solidarités et de la Santé, 2017, November 10) and contributed to 27% of all deaths in 2011

[START_REF] Tzoulaki | Worldwide Exposures to Cardiovascular Risk Factors and Associated Health Effects: Current Knowledge and Data Gaps[END_REF]

.

There are multiple traditional risk factors associated with CVD and mainly with stroke and heart attacks (World Health Organization, 2017,

May 17) 

and they can be classified as non-modifiable and modifiable risk factors. The main non-modifiable risk factors are family history of CVD, male sex, increase in age and ethnicity. The main modifiable risk factors include behavioral risk factors such as smoking, lack of physical activity and alcohol use as well as biological risk factors such as hypertension, diabetes, dyslipidemia and obesity (World Health Organization, 2017,

May 17)

. Adults with hypertension and diabetes are estimated to reach 1Moreover, hypertension, diabetes, hypercholesterolemia, smoking and obesity account for 9.7 million CVD deaths annually worldwide, and they are the most prevalent in Central and Eastern Europe

  medications ranged from 29 to 91% where depression was negatively associated with adherence either in bivariate or multivariate analyses (Eze-Nliam, Thombs, Lima,[START_REF] Eze-Nliam | The association of depression with adherence to antihypertensive medications: a systematic review[END_REF]. Moreover, fourteen studies were conducted on this topic: depression was associated with adherence to antihypertensive medications in some studies(Bautista, Vera- 

Cala, Colombo, & Smith, 2012; Forsyth, Schoenthaler, Chaplin, Ogedegbe, & Ravenell, 2014

; M. T.

[START_REF] Kim | Depression, substance use, adherence behaviors, and blood pressure in urban hypertensive black men[END_REF] Krousel-Wood et al., 2010; Krousel-Wood et al., 2011;[START_REF] Myrtek | Meta-analyses of prospective studies on coronary heart disease, type A personality, and hostility[END_REF] Schoenthaler, Ogedegbe, & Allegrante, 2009; Siegel, Lopez, & 

Table 1 .

 1 Hostile traits and depressive symptoms by baseline characteristics

	in the GAZEL cohort study, 1994-2014			
		Depressive symptoms (binary measure) *	Depressive symptoms (continuous measure)	Overall hostility
		N (%)	P	Mean (SD) P	Mean (SD) P
	Age		0.38		<0.0001		0.003
	39-45	767 (22.6)		13.2 (9.5)		28.6 (10.0)
	46-49	767 (22.6)		12.2 (8.6)		27.9 (9.9)
	50-54	790 (22.6)		12.4 (8.5)		27.9 (9.9)
	Male sex	1,694 (22.0) 0.03	11.6 (8.0)	<0.0001	27.8 (10.0) <0.0001
	Occupational grade		<0.0001		<0.0001		<0.0001
	Low	350 (29.1)		15.0 (10.3)		30.1 (10.5)
	Intermediate	1,346 (23.5)		13.1 (9.0)		28.7 (9.9)
	High	628 (18.6)		10.9 (7.8)		26.5 (9.4)
	Family history of CHD 297 (24.0)	0.20	12.9 (9.2)	0.13	29.2 (10.1) <0.0001
	Physical activity	1,465 (20.7) <0.0001	12.0 (8.4)	<0.0001	27.9 (9.7)	0.0007
	Smoking status		0.02		0.0001		<0.0001
	Non-smokers	970 (21.5)		12.8 (9.1)		26.9 (9.8)
	Ex-smokers	879 (22.8)		12.1 (8.3)		29.0 (9.8)
	Smokers	475 (24.6)		13.0 (9.4)		29.4 (10.0)
	Body mass index		0.29		<0.0001		<0.0001
	<25	1,254 (22.7)		13.0 (9.3)		27.8 (9.8)
	≥25 and <30	918 (22.1)		11.9 (8.2)		28.4 (9.9)
	≥30	152 (24.8)		13.1 (9.5)		29.6 (10.3)
	Diabetes	42 (26.6)	0.23	13.5 (8.7)	0.17	30.1 (10.5) 0.01
	Dyslipidemia	412 (25.3)	0.004	13.0 (8.8)	0.05	28.8 (10.2) 0.005
	Hypertension	267 (27.5)	0.0001	13.8 (9.3)	<0.0001	28.8 (10.0) 0.03
	*CES-D score ≥17 in men or ≥23 in women.			

ANOVA and Chi-square tests were computed for continuous and categorical variables respectively.

Supplementary

Table 2 .

 2 Association between a) hostile traits and b) depressive symptoms (binary measure) and cardiac event in the GAZEL cohort study, 1994-2014 (multivariable hazard ratios, HRs and 95% confidence intervals, CI). Adjusted for age, sex, occupational grade and family history of CHD. † Model 1+ additionally adjusted for depression. § Model 2+ additionally adjusted for physical activity, smoking status, BMI, diabetes, dyslipidemia and hypertension.

		Model 1∞	Model 2 †		Model 3 §	
		Time-independent	Time-independent Time-dependent	Time-independent Time-dependent
		HR (95% CI)	HR (95% CI)	HR (95% CI)	HR (95% CI)	HR (95% CI)
	Depressive symptoms*	-	1.13 (0.91-1.41)	1.51 (1.17-1.96)	1.16 (0.94-1.45)	1.40 (1.04-1.90)
	Overall hostility [IQR:35-21]	1.11 (0.99-1.25)	1.14 (1.01-1.29)	0.93 (0.73-1.19)	1.08 (0.95-1.22)	0.87 (0.65-1.17)
	Depressive symptoms *	-	1.09 (0.87-1.36)	1.53 (1.18-1.98)	1.11 (0.88-1.39)	1.42 (1.05-1.92)
	Cognitive hostility [IQR:8-3]	1.03 (0.91-1.16)	1.05 (0.92-1.19)	0.92 (0.72-1.17)	0.99 (0.87-1.13)	0.74 (0.55-1.00)
	Depressive symptoms *	-	1.09 (0.88-1.33)	1.57 (1.23-2.01)	1.14 (0.93-1.40)	1.49 (1.12-1.99)
	Behavioral hostility [IQR:18-11] 1.09 (0.98-1.22)	1.09 (0.98-1.22)	0.97 (0.78-1.21)	1.05 (0.94-1.18)	0.96 (0.74-1.25)
	Depressive symptoms *	-	1.17 (0.94-1.45)	1.58 (1.23-2.04)	1.20 (0.97-1.50)	1.47 (1.09-1.98)
	Irritability [IQR:8-4]	1.16 (1.02-1.32)	1.19 (1.04-1.37)	0.88 (0.68-1.15)	1.13 (0.99-1.30)	0.87 (0.63-1.20)
	Depressive symptoms *	-	1.06 (0.86-1.30)	1.63 (1.28-2.08)	1.12 (0.91-1.38)	1.49 (1.12-1.98)
	Negativism [IQR:3-1]	1.07 (0.94-1.22)	1.07 (0.94-1.21)	1.06 (0.83-1.37)	1.06 (0.93-1.20)	1.19 (0.88-1.61)
	Number of cardiac events: 581					

∞

Table 3 .

 3 Association between a) hostile traits and b) depressive symptoms (continuous measure) with cardiac events in the GAZEL cohort study, 1994-2014 (multivariable hazard ratios, HR and 95% confidence intervals, CI).

		Model 1∞	Model 2 †		Model 3 §	
		Time-independent	Time-independent Time-dependent	Time-independent Time-dependent
		HR (95% CI)	HR (95% CI)	HR (95% CI)	HR (95% CI)	HR (95% CI)
	Depressive symptoms* [IQR :17-6] -	1.02 (0.90-1.16)	1.26 (1.09-1.46)	1.00 (0.88-1.13)	1.27 (1.08-1.50)
	Overall hostility [IQR:35-21]	1.11 (0.99-1.25)	1.10 (0.97-1.25)	0.94 (0.73-1.20)	1.04 (0.91-1.19)	0.87 (0.64-1.16)
	Depressive symptoms* [IQR :17-6] -	1.06 (0.93-1.21)	1.27 (1.09-1.47)	1.05 (0.92-1.19)	1.27 (1.07-1.51)
	Cognitive hostility [IQR:8-3]	1.03 (0.91-1.16)	0.99 (0.87-1.14)	0.91 (0.71-1.18)	0.94 (0.82-1.08)	0.72 (0.52-0.99)
	Depressive symptoms* [IQR :17-6] -	1.04 (0.93-1.17)	1.29 (1.12-1.48)	1.01 (0.90-1.12)	1

.30 (1.11-1.52)

  Adjusted for age, sex, occupational grade and family history of CHD. † Model 1+ additionally adjusted for depression. § Model 2+ additionally adjusted for physical activity, smoking status, BMI, diabetes, dyslipidemia and hypertension.

	Number of cardiac events: 581					
	IQR interquartile range					
	*CES-D score as a continuous measure.				
	Behavioral hostility [IQR:18-11]	1.09 (0.98-1.22)	1.08 (0.97-1.21)	0.97 (0.78-1.22)	1.04 (0.93-1.16)	0.96 (0.74-1.26)
	Depressive symptoms* [IQR :17-6] -	1.00 (0.88-1.13)	1.27 (1.10-1.48)	0.97 (0.86-1.10)	1.28 (1.08-1.51)
	Irritability [IQR:8-4]	1.16 (1.02-1.32)	1.16 (1.01-1.34)	0.88 (0.67-1.16)	1.11 (0.96-1.29)	0.86 (0.62-1.19)
	Depressive symptoms* [IQR :17-6] -	1.05 (0.94-1.17)	1.30 (1.13-1.49)	1.00 (0.90-1.12)	1.29 (1.10-1.51)
	Negativism [IQR:3-1]	1.07 (0.94-1.22)	1.06 (0.93-1.20)	1.07 (0.83-1.38)	1.05 (0.93-1.20)	1.19 (0.88-1.61)

∞

Table 5 .

 5 Characteristics of the volunteers who completed the CES-D in 1993 (N=14,893) compared to those who did not (N=5,595) in the GAZEL cohort With CESD-completed Without CES-D completed P

	Mean (SD) Age	47.8 (3.5)	47.6 (3.5)	0.0003
	Male sex	10,924 (73.4)	3,972 (71.0)	0.0007
	Occupational grade			<0.0001
	Low	2,036 (13.7)	1,272 (22.9)	
	Medium	8,267 (55.8)	3,198 (57.6)	
	High	4,520 (30.5)	1,083 (19.5)	
	Parental CHD history 1,597 (30.5)	1,083 (19.5)	0.73
	Smoking status	2,729 (19.9)	458 (21.6)	0.22
	Physical inactivity	4,510 (32.4)	1,167 (37.1)	<0.0001
	Obesity	5,989 (46.6)	839 (46.7)	0.61
	Hypertension	1,377 (9.3)	225 (4.0)	< 0.0001
	Diabetes	223 (1.5)	46 (0.8)	0.0002
	Dyslipidemia	2,201 (14.8)	303 (5.4)	<0.0001
	CES-D: Center Epidemiologic Studies Depression Scale	
	Chi-square (or Fisher's exact test when necessary) and ANOVA tests were computed for
	discrete and continuous variables respectively.		

Table 6 .

 6 Characteristics of the included participants (N=10,541) compared to excluded individuals because of missing covariates (N=4020) in the GAZEL cohort

		Without missing covariates With missing covariates	P
	Mean (SD) Age	47.8 (3.5)	47.6 (3.6)	0.002
	Mean (SD) CES-D score 12.6 (8.9)	14.6 (9.9)	<0.0001
	Male sex	7,855 (74.5)	2,768 (68.9)	<0.0001
	Depression∞	2,368 (22.5)	1,161 (28.9)	<0.0001
	Occupational grade			<0.0001
	Low	1,239 (11.8)	745 (18.9)	
	Medium	5,854 (55.5)	2,225 (56.3)	
	High	3,448 (32.7)	981 (24.8)	
	Parental CHD history	1,267 (12.0)	271 (12.7)	0.36
	Smoking status	5,910 (56.1)	1,649 (58.0)	<0.0001
	Physical inactivity	3,292 (31.2)	1,094 (36.0)	<0.0001
	Obesity	4,875 (46.3)	938 (46.6)	0.01
	Hypertension	990 (9.4)	338 (8.4)	0.06
	Diabetes	159 (1.5)	55 (1.4)	0.53
	Dyslipidemia	1,664 (15.8)	455 (11.3)	<0.0001
	∞Depression was defined as having a CES-D score ≥17/23 for men/women	

Chi-square (or Fisher's exact test when necessary) and ANOVA tests were computed for discrete and continuous variables respectively.

Table 1 .

 1 Volunteers' characteristics at the inclusion in the CONSTANCES cohort study

		Hypertension	Diabetes	Dyslipidaemia
		N=4,998	N=793	N=3,852
	Depression*, %	17.5	21.8	16.2
	Mean (SD) age, years	60.3 (8.1)	61.0 (7.5)	61.0 (7.5)
	Male sex, %	56.7	69.2	61.9
	Living with a partner, %	70.3	66.0	70.3
	Country of birth (France), %	92.7	86.7	93.3
	Educational level			
	≤ High school diploma, %	60.9	67.2	61.1
	Undergraduate degree, %	25.4	19.8	24.6
	Postgraduate degree, %	13.7	13.0	14.3
	Employment status, %	38.1	33.5	34.4
	Prescribed and followed diet, %	7.0	20.8	8.1
	Physical activity			
	0 (not active), %	3.3	5.4	3.5
	1, %	7.7	10.0	6.4
	2, %	18.3	22.9	18.6
	3, %	18.4	18.5	18.5
	4, %	23.9	21.1	23.3
	5, %	13.2	10.7	14.0
	6 (very active), %	15.2	11.4	15.7
	BMI			

Table 2 .

 2 Association between depression and non-adherence to medications in volunteers with hypertension, diabetes and dyslipidaemia in the CONSTANCES cohort study, according to the duration of exposure to medications, 2012-2018 (odds ratios, ORs and 95% confidence intervals,

	CI).								
		Hypertension			Diabetes			Dyslipidaemia	
		N cases/ N	OR	P	N cases/ N	OR	P	N cases/ N	OR	P
		participants	(95% CI)		participants	(95% CI)		participants	(95% CI)
	18 months	587/4,987			54/790			1,043/3,841	
	Unadjusted								
	model		1.16 (0.93-1.44) 0.18		1.89 (1.04-3.42) 0.03		1.13 (0.94-1.37)	0.20
	Fully-adjusted								
	model*		1.08 (0.86-1.36) 0.51		1.82 (0.95-3.48) 0.07		1.09 (0.89-1.33)	0.42
	19-36 months	695/4,953			64/782			1,359/3,813	
	Unadjusted								
	model		1.19 (0.97-1.46) 0.09		1.22 (0.68-2.20) 0.51		0.98 (0.82-1.18)	0.86
	Fully-adjusted								
	model*		1.08 (0.87-1.34) 0.48		1.18 (0.64-2.20) 0.59		0.92 (0.76-1.12)	0.40

Durant ces 20 années de suivi, 592 personnes ont été victimes d'un accident cardiaque. Les personnes souffrant de dépression, de diabète, d'hypertension et de dyslipidémie étaient plus susceptibles de subir un accident cardiaque que les autres. Selon l'hypothèse d'une médiation partielle de l'association entre dépression et maladies cardiovasculaires par la non-adhésion au traitement médicamenteux de ces facteurs de risques traditionnel, la dépression devrait être associée de façon plus intense avec les maladies cardiovasculaires en présence d'un ou plusieurs de ces facteurs de risque. Contrairement à cette prédiction, nous n'avons pas trouvé d'interactions entre ces facteurs de risque et la dépression. Ainsi, la relation entre les symptômes dépressifs et les évènements cardiaques est peu probablement expliquée par un impact plus élevé de ces facteurs de risque cardiovasculaire en cas de dépression, rendant donc peu probable l'hypothèse d'une médiation par la non-adhésion.4.3. Les résultats du troisième objectif/articleContrairement à notre hypothèse, les symptômes dépressifs n'étaient associés à la nonadhésion aux traitements médicamenteux de l'hypertension, du diabète et de la dyslipidémie ni pendant les 18 premiers mois de suivi ni entre 19 et 36 mois.5. ConclusionLes symptômes dépressifs sont associés aux accidents cardiaques, indépendamment des traits d'hostilité. Les symptômes dépressifs n'ont pas modifié l'impact des facteurs de risque cardiovasculaire modifiables par un traitement médicamenteux sur les évènements cardiaques.En outre, Les symptômes dépressifs ne sont pas associés à la non-adhésion aux traitements médicamenteux de ces facteurs de risque cardiovasculaires. Même si d'autres pistes comportementales sont insuffisamment explorées (alimentation, activité physique, il est
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† Non-adherence to medication was defined by a proportion of trimesters with at least one drug dispensed of <80%.
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Assessment of depressive symptoms

Depression was assessed at baseline using the French version of the CES-D scale 19 . The CES-D scale is composed of 20 items that assess depressive symptoms in the past week such as agitation, guilt, loss of appetite and interest, fatigue, suicidal thoughts and sadness (i.e. I felt sad, I felt lonely) on a scale from 0-3 with 0 being rarely (<1 day) and 3 most of the time (5 to 7 days). Volunteers with a score of ≥19 were considered to be clinically depressed according to the validated threshold for the French version (sensitivity and specificity >85% for the diagnosis of major depression) 19 .

Assessment of non-adherence to medications

Non-adherence to the medications of the cardiovascular risk factors under study was measured by tracking the reimbursement of ad hoc medications over 18 months after the date of inclusion and 18 months afterwards (19-36 months). We defined adherence to medication by the proportion of trimesters with at least one drug dispensed. To calculate medication nonadherence, we calculated the sum of trimesters with drug divided by the total number of trimesters since the first drug deliverance (6 trimesters) multiplied by 100, where trimester since first drug deliverance was calculated using the difference between the first day of drug 

Contributions to the literature

The first finding in the present PhD thesis is that depressive symptoms are associated with incident cardiac events irrespective of the hostile trait considered in the model and independently of traditional CVD risk factors. This finding is in line with previous analyses by our group in the same population, showing that depressive symptoms are robustly associated with incident cardiac events, only when it is modeled as time-varying [START_REF] Lemogne | When Blue-Collars Feel Blue: Depression and Low Occupational Grade as Synergistic Predictors of Incident Cardiac Events in Middle-Aged Working Individuals[END_REF]. This methodological point may account for the apparent discrepancy between the present study and an early study of our group suggesting that hostility may explain the association between depression and mortality [START_REF] Lemogne | Hostility may explain the association between depressive mood and mortality: evidence from the French GAZEL cohort study[END_REF]. In this previous study, depressive mood was associated with natural mortality after adjustment of non-modifiable cardiovascular risk factors, but this association disappeared after further adjusting for cognitive hostility, which became the only significant predictor of mortality.

The second finding of this PhD thesis is that overall hostility and irritability are not robustly associated with incident cardiac events. This null finding is in line with some [START_REF] Chida | The association of anger and hostility with future coronary heart disease: a meta-analytic review of prospective evidence[END_REF][START_REF] Everson | Hostility and increased risk of mortality and acute myocardial infarction: the mediating role of behavioral risk factors[END_REF][START_REF] Hearn | Hostility, coronary heart disease, and total mortality: a 33-year follow-up study of university students[END_REF] but not all previous studies [START_REF] Appleton | A Role for Behavior in the Relationships Between Depression and Hostility and Cardiovascular Disease Incidence, Mortality, and All-Cause Mortality: the Prime Study[END_REF][START_REF] Barefoot | Hostility, incidence of acute myocardial infarction, and mortality in a sample of older Danish men and women[END_REF][START_REF] Everson-Rose | Chronic stress, depressive symptoms, anger, hostility, and risk of stroke and transient ischemic attack in the multi-ethnic study of atherosclerosis[END_REF][START_REF] Izawa | Cynical hostility, anger expression style, and acute myocardial infarction in middle-aged Japanese men[END_REF][START_REF] Meesters | Hostility and myocardial infarction in men[END_REF][START_REF] Miller | A meta-analytic review of research on hostility and physical health[END_REF][START_REF] Myrtek | Meta-analyses of prospective studies on coronary heart disease, type A personality, and hostility[END_REF][START_REF] Tindle | Optimism, cynical hostility, and incident coronary heart disease and mortality in the Women's Health Initiative[END_REF]. One explanation could be that previous studies did not assess cardiovascular risk factors as timevarying covariates, nor consider depression in their models except for Appleton et al. [START_REF] Appleton | A Role for Behavior in the Relationships Between Depression and Hostility and Cardiovascular Disease Incidence, Mortality, and All-Cause Mortality: the Prime Study[END_REF]. Moreover, in Appleton's study, the authors considered depression as a time-independent variable. Indeed, exploratory analyses in the present study showed that both overall hostility and irritability were independent predictors of incident depressive symptoms