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Introduction:

The living environment affects general health and may influence cognitive aging; however, the relationships between neighborhood characteristics and dementia are still poorly understood.

Methods:

We used data from a French population-based prospective study (the Three-City cohort) that included 7016 participants aged 65 years and older with a 12-year follow-up. We used principal components analysis of neighborhood composition indicators to construct the Three-City deprivation score. To study its impact on dementia incidence, we performed survival analyses using a marginal Cox model to take into account intraneighborhood correlations. As interaction with sex was significant, analyses were stratified by sex.

Results: Even after controlling on individual factors, women living in deprived neighborhoods were at higher risk of dementia (hazard ratio = 1.29, 95% confidence interval 1.00-1.67) and Alzheimer's disease (hazard ratio = 1.42, 95% confidence interval 1.09-1.84). No association was found for men.

Discussion: Living in a deprived neighborhood is associated with higher risk of dementia in women

Introduction

There is increasing interest in the study of environmental impact on different aspects of health and well-being, including mental health [START_REF] Tost | Environmental influence in the brain, human welfare and mental health[END_REF]. The living environment includes many dimensions (social support, socioeconomic environment, urbanicity, psychosocial stressors, air pollution, nature experience, perceived environment…). In this study, we explored socioeconomic environmental influences.

A growing body of evidence suggests that cognitive functioning in later life is related to socioeconomic environment. These complex features could be encompassed by the neighbourhood socioeconomic status (NSES) in which individual characteristics are aggregated in predefined geographical units [START_REF] Wu | The association between community environment and cognitive function: a systematic review[END_REF]. NSES is generally regarded as the combination of socioeconomic variables at the individual or household level and is often assessed using a poverty index. It was shown that NSES is related to the overall cognitive functioning of elderly people, after controlling for individual features [START_REF] Wight | Urban neighborhood context, educational attainment, and cognitive function among older adults[END_REF][START_REF] Basta | Community-level socio-economic status and cognitive and functional impairment in the older population[END_REF][START_REF] Wee | Individual and Area Level Socioeconomic Status and Its Association with Cognitive Function and Cognitive Impairment (Low MMSE) among Community-Dwelling Elderly in Singapore[END_REF][START_REF] Sisco | Neighborhood Influences on Late Life Cognition in the ACTIVE Study[END_REF], and influences cognitive decline [START_REF] Sheffield | Neighborhood context and cognitive decline in older Mexican Americans: results from the Hispanic Established Populations for Epidemiologic Studies of the Elderly[END_REF][START_REF] Wen | The effects of childhood, adult, and community socioeconomic conditions on health and mortality among older adults in China[END_REF]. Some individual characteristics, such as ethnicity [START_REF] Aneshensel | The urban neighborhood and cognitive functioning in late middle age[END_REF][START_REF] Espino | Ethnic differences in mini-mental state examination (MMSE) scores: where you live makes a difference[END_REF], social class [START_REF] Deeg | Discrepancies between personal income and neighbourhood status: effects on physical and mental health[END_REF] or APOE genotype [START_REF] Boardman | Social disorder, APOE-E4 genotype, and change in cognitive function among older adults living in Chicago[END_REF][START_REF] Lee | Neighborhood psychosocial environment, apolipoprotein E genotype, and cognitive function in older adults[END_REF], could interact and have a modifying effect on the association between living environment and dementia [START_REF] Cassarino | Environment as « Brain Training »: A review of geographical and physical environmental influences on cognitive ageing[END_REF]. For instance, in the USA population [START_REF] Aneshensel | The urban neighborhood and cognitive functioning in late middle age[END_REF][START_REF] Espino | Ethnic differences in mini-mental state examination (MMSE) scores: where you live makes a difference[END_REF], the association between disadvantaged areas and lower cognitive ability has been detected only in ethnic minority groups. This could indicate lower access to community resources, or poorer ability to engage in healthy behaviours, all of which may affect cognition [START_REF] Rosso | Neighborhood Socioeconomic Status and Cognitive Function in Late Life[END_REF].

It has been hypothesized that associations between health and neighborhood characteristics are different for men and women [START_REF] Stafford | Gender differences in the associations between health and neighbourhood environment[END_REF]. For example, neighborhood deprivation exerts a stronger influence on the cardiovascular health of women [START_REF] Matheson | Neighbourhood chronic stress and gender inequalities in hypertension among Canadian adults: a multilevel analysis[END_REF]; and is a stronger predictor of hypertension among women than men. The magnitude of the association between various contextual domains and self-rated health appears to be larger for women in a large cross sectional study [START_REF] Stafford | Gender differences in the associations between health and neighbourhood environment[END_REF]. These studies suggest that the residential context is related to health for both men and women but that the salient factors are different for the two sexes [START_REF] Stafford | Gender differences in the associations between health and neighbourhood environment[END_REF]. Studies on residential context conducted on elderly subjects are limited.

To our knowledge, no study has been performed on the impact of the living environment on incident dementia; let alone considered the association with cognitive function according to sex [START_REF] Besser | Neighborhood Environment and Cognition in Older Adults: A Systematic Review[END_REF]. Considering the importance of the living environment on health and the vulnerability of older people to the environment, it is crucial to better evaluate the influence of the living environment on incident dementia in order to better define and adapt prevention strategies. Our aim was to analyse how different contextual characteristics (i.e., living environment-related variables), independently of individual features (i.e., level of education, occupation, health status) can influence the risk of dementia and Alzheimer's disease (AD) in a longitudinal community-living elderly cohort. Our analyses were performed separately for men and women.

Methods

Study design and participants

For the present study, we used data from the Three-City (3C) community-living cohort of elderly (≥65 years of age) people who were enrolled from the electoral rolls of three French cities (Bordeaux, Dijon, and Montpellier) between 1999 and 2001. The longitudinal 3C study main objective [START_REF] Study | Vascular factors and risk of dementia: design of the Three-City Study and baseline characteristics of the study population[END_REF] was to assess the risk of dementia and cognitive impairment related to vascular factors. Each participant signed an informed consent. The study protocol was approved by the Ethics Committee of the Hospital of Kremlin-Bicêtre and Sud-Méditerranée III.

Among the 9,294 participants, we selected those with identifiable geographical area of residence (n= 9,247).

Analyses were restricted to geographical areas where at least five participants were living (n = 9,051). We also excluded 213 subjects with prevalent dementia, and 816 lost to follow-up. Finally, 8,022 subjects without dementia at baseline and followed at least once were included. Then, we excluded subjects who had missing data for environmental exposure and individual covariates (sex, level of education, former occupation, income, APOEε4 carrier status, diabetes, depressive symptoms, or cardiovascular history). The analytic sample included 7,016 individuals (Figure 1).

2.2

Individual socioeconomic status (SES) Individual SES measures included level of education (primary/secondary and higher, according to the classification by the French National Institute of Statistics and Economic Studies (INSEE)), monthly household income (≥2287€/<2287€), former occupational category (blue collars: workers, farmers, artisans/white collars) and living alone (yes/no).

2.3

Neighborhood SES (NSES) We used IRIS ("Ilots Regroupés pour l'Information Statistiques") data, the smallest census aggregation level used by INSEE to disseminate information. Postal addresses were geocoded to match participants to their IRIS neighborhood of residence [START_REF] Grimaud | Gender differences in the association between socioeconomic status and subclinical atherosclerosis[END_REF].

To evaluate NSES at baseline, we used the census and "household net taxable income" data for 1999 and 2001, respectively. Instead of using the usual deprivation indices which have never been validated as gold standards [START_REF] Carstairs | Deprivation: explaining differences in mortality between Scotland and England and Wales[END_REF][START_REF] Townsend | Deprivation[END_REF], we defined a 3C deprivation score by Principal Component Analysis (PCA). This multidimensional approach to data reduction is commonly used in the existing literature [START_REF] Rey | Ecological association between a deprivation index and mortality in France over the period 1997 -2001: variations with spatial scale, degree of urbanicity, age, gender and cause of death[END_REF]. The 3C deprivation score for each IRIS neighborhood was defined as the first axis of the PCA with 12 NSES measures: median household net taxable income per consumption unit (CU), interquartile range of the household net taxable income per CU, interdecile ratio of household net taxable income per CU, proportion of blue collar workers, proportion of residents without secondary education, proportion of tenant occupancy, proportion of households without a car, proportion of single parents, proportion of people aged 60 or over, Gini index (an indicator of income inequality), adult unemployment rate, and settlement index (ratio between overcrowded and non-overcrowded housing).

The first axis summarized the best composition data of the neighborhoods in the sample (41.5% variance explained) (Figure 2). It was characterized by the positive score and high weight of the following components: proportion of households without a car, of tenants and single parents, Gini index, unemployment rate, and settlement index; and negative for the tax household income. The position of IRIS on this axis defines its degree of deprivation. This 3C deprivation score was categorized in tertiles (T1, T2 and T3; from the least to the most deprived neighborhood).

2.4

Diagnosis of dementia At baseline, all participants from Bordeaux and Montpellier were examined by a neurologist, whereas in Dijon only those suspected of having dementia, based on their neuropsychological performances. During the follow-up, only participants suspected of having dementia were seen by a neurologist, with the exception of the Montpellier centre where everybody included in the 3C cohort received a neurological follow-up. An independent committee of neurologists reviewed all data on these patients to obtain a consensus diagnosis according to the Diagnostic and Statistical Manual of Mental Disorders IV criteria [START_REF]American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders: DSM-IV[END_REF]. For the present analyses, we considered all incident cases of all-cause dementia and AD during the 12-year follow-up. Patients with AD were classified according to the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association criteria [START_REF] Mckhann | Clinical diagnosis of Alzheimer's disease Report of the NINCDS-ADRDA Work Group under the auspices of Department of Health and Human Services Task Force on Alzheimer's Disease[END_REF].

2.5

Covariates at baseline Beside the individual SES, we considered sex, age, study centre, and living status (living alone, marital status).

Behavioural variables and vascular risk factors included alcohol consumption, smoking status, body mass index (BMI) categories (underweight: BMI <18.5; normal: 18.5BMI<25 kg/m²; overweight: 25BMI<30 kg/m 2 ; obesity: BMI ≥30 kg/m²), diabetes (antidiabetic treatment or glycaemia >7.0 mmol/L or diabetes history), hypertension (systolic blood pressure >140 mm Hg, diastolic blood pressure >90 mm Hg, or antihypertensive treatment), and hypercholesterolemia (fasting total cholesterol >6.2mmol/L or lipid-lowering treatment). We recorded also the self-reported history of cardiovascular diseases (CVD) (stroke, angina pectoris, myocardial infarction and cardiac and vascular surgery), depressive symptoms (defined by a Center for Epidemiologic Studies Depression Scale score ≥17 for men and ≥23 for women, or too depressed to respond) [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[END_REF], and disability (based on the results of the Instrumental Activities of Daily Living (IADL): dependent for at least 1/5 activities for men and 1/8 activities for women). APOE4 carrier status was defined as the presence of at least one 4 allele.

2.6

Statistical analysis To investigate the association between NSES and the risk of dementia or AD, a marginal Cox model with age as the time scale was used [START_REF] Thiébaut | Choice of time-scale in Cox's model analysis of epidemiologic cohort data: a simulation study[END_REF]. This model, which used a robust sandwich variance estimator, allows taking into account the correlations between individuals in the same geographical area. Individual covariates for multivariate analysis were selected by combining data from univariate analyses (selection of variables with p<0.20) and literature [START_REF] Plassman | Systematic review: factors associated with risk for and possible prevention of cognitive decline in later life[END_REF]. After the crude analyses, analyses were adjusted for individual sociodemographic (sex, study centre, educational level, income, and occupational category) and health status (APOEε4, diabetes, cardiovascular diseases, depressive symptoms, and disability) variables. Results were expressed as hazard ratios (HR) and 95% confidence intervals (CI). Interactions between each NSES determinant and some individual variables (age, sex, APOEε4, education and occupation) were tested. The Cochran-Armitage trend test was used to analyse the doseeffect. Analyses were conducted using SAS version 9.4. The SAS procedure PHREG was used to estimate the HR and PRINCOMP for the PCA.

Results

3.1

Subjects characteristics Among the 7,016 volunteers retained for this study (54,907 person-years (py)), 792 (11.3%) developed dementia during the 12-year follow-up, corresponding to an annual incidence rate of 14.4/1000 py. The mean age at enrolment was 74 years (SD 5.4) and participants had been living in the same residence for 25 years on average (SD 15). Moreover, 62% of participants were women, 37% lived alone, 24% had only primary education, 18% were former blue collars, 13% had depressive symptoms, 38% were smokers or former smokers, 52% were overweight or obese, 9% had diabetes, and 9% had a history of CVD. Among the 792 cases of dementia, 544 were classified as AD (68.7%) (Table 1).

Compared with the people included in the analysis, excluded individuals had a lower level of education (primary education: 35% vs 24%), were more often former blue collars (23% vs. 18%) and had a poorer general health.

They lived in more disadvantaged neighborhoods, with a higher unemployment rate (14.9% vs. 14%), higher proportion of residents without secondary education (49.2% vs. 48.1%) and of single parents (16% vs. 15.3%), and also lower income per household (data not shown).

3.2

Individual and contextual characteristics according to sex Women had a lower level of education and income than men had, and were more often widowed or living alone.

They consumed less alcohol and tobacco. Overweight, diabetes, history of CVD and hypertension were less frequent in women than men. Conversely, hypercholesterolemia and depression were more frequent in women as well as dependency for daily activities (9.8% vs 6.2% for men, p<0.0001). Dementia incidence was higher in women than in men (14.9 vs 13.6/1000 py) (Table 1). The contextual baseline characteristics were comparable between sexes (data not shown).

3.3

Individual SES characteristics and risk of dementia Participants with secondary or higher education level had a lower risk of dementia than those with primary education (adjusted HR= 0.70, 95% CI 0.60-0.82) (Table 2). Similarly, the risk of developing dementia was 1.23 times higher among former blue than white collars (adjusted HR= 1.23, 95% CI 1.01-1.49). Higher income was associated with a decreased risk of dementia in univariate analysis, but not in multivariate models.

NSES and risk of dementia

The proportion of participants who developed dementia during the follow-up increased linearly with the 3C deprivation score (p trend = 0.006) from 10.3% for the most affluent neighborhoods to 12.8% for the most disadvantaged neighborhoods; however, the HR were not significantly different (Table 3). In crude analyses, some NSES categories were associated with higher risk of dementia, particularly high unemployment rate (HR= 1.24, 95% CI 1.03-1.48), and high proportion of blue collars (HR= 1.22, 95% CI 1.01-1.47). Conversely the risk was lower for participants living in areas with high median household net taxable income (HR= 0.82, 95% CI 0.70-0.98), or with an intermediate proportion (20-25%) of people aged 60 or over (HR= 0.80, 95% CI 0.66-0.96).

Similar results were obtained when examining AD risk (data not shown). In multivariate analyses, the proportion of blue collars and the median household net taxable income were no longer associated with the risk of dementia.

In these analyses, a significant interaction with sex was detected for some indicators of neighborhood composition: 3C deprivation score (p for interaction=0.009), proportion of tenant occupancy (p=0.01), of people aged 60 years or over (p=0.02), and of unemployed people (p=0.08). Additional sex-stratified multivariate analyses are presented in Figure 3 for the risk of all-type dementia and of AD.

3.5

Sex, living environment and dementia When testing the association between the risk of incident dementia and the 3C deprivation score, the trend observed in both sexes was confirmed only in women (p=0.0004). The percentage of incident dementia was lower (10.3%) in the least deprived neighborhoods (T1), 11.0% in the intermediate (T2), and 14.6% in the most deprived neighborhoods (T3). HR was significantly different only for the most disadvantaged neighborhoods, even after adjustment (adjusted HR= 1.29, 95% CI 1.00-1.67) (Figure 3). Moreover, women had greater risk of dementia when they lived in neighborhoods with high proportion (>58.6%) than with low proportion (<44.2%) of tenant occupancy. This association remained significant when adjusting for individual SES and health status variables (adjusted HR= 1.31, 95% CI 1.03-1.65). Women residing in neighborhoods with high unemployment rates (>14.6%) also had a higher risk of dementia than those living in low unemployment rate areas (<10.3%) (adjusted HR= 1.36, 95% CI 1.06-1.75). Conversely, living in a neighborhood with higher proportion of subjects older than 60 years of age was associated with decreased risk of dementia in women. This association remained significant after adjustment (T2: adjusted HR= 0.77, 95% CI = 0.62-0.96; T3: adjusted HR= 0.79, 95% CI 0.64-0.97).

These results were confirmed for AD (Figure 3). Women had a higher risk of AD when residing in the most disadvantaged neighborhoods (T3 adjusted HR= 1.42, 95% CI 1.09-1.85), or with high proportion of tenant occupancy (T3 adjusted HR= 1.48, 95% CI 1.16-1.88), or unemployment rate (adjusted HR= 1.47, 95% CI 1.11-1.94). They had a lower risk of AD when living in areas with the highest proportion of elderly people (≥60 years of age) (T2: adjusted HR= 0.78, 95% CI 0.62-0.98; T3: adjusted HR= 0.76, 95% CI 0.60-0.96). No association with any NSES component was evidenced in men for all-type dementia and for AD (Figure 3).

Discussion

To our knowledge, this is the first report showing the sex-related association between NSES and incident dementia risk. Specifically, the risk of dementia is higher among women living in areas with the highest deprivation score, or in neighborhoods with the highest unemployment rate and proportion of tenant occupancy. Conversely, the risk was reduced among women living in neighborhoods with a high proportion of people older than 60 years of age.

These findings indicate that contextual risk factors are significantly associated with dementia/AD incidence only in women. Controlling for individual SES and health status only slightly changed the results. The only published contextual study on prevalent dementia did not find any socioeconomic environmental effect [START_REF] Wu | Community environment, cognitive impairment and dementia in later life: results from the Cognitive Function and Ageing Study[END_REF]. One explanation of this discrepancy is that results were not analysed according to the participants' sex.

According to Stafford and Marmot, a disadvantaged socioeconomic status, at the individual level but also at the neighborhood level, increases the risk of poor general and mental health [START_REF] Stafford | Neighbourhood deprivation and health: does it affect us all equally?[END_REF]. A favourable environment could associate the best living conditions, greater density of recreational resources (recreation centres, parks, walking paths, healthy food stores), social and cultural resources (libraries, bookstores, community centres, social clubs) [START_REF] Wen | The effects of childhood, adult, and community socioeconomic conditions on health and mortality among older adults in China[END_REF][START_REF] Aneshensel | The urban neighborhood and cognitive functioning in late middle age[END_REF][START_REF] Espino | Ethnic differences in mini-mental state examination (MMSE) scores: where you live makes a difference[END_REF][START_REF] Deeg | Discrepancies between personal income and neighbourhood status: effects on physical and mental health[END_REF][START_REF] Boardman | Social disorder, APOE-E4 genotype, and change in cognitive function among older adults living in Chicago[END_REF][START_REF] Lee | Neighborhood psychosocial environment, apolipoprotein E genotype, and cognitive function in older adults[END_REF][START_REF] Cassarino | Environment as « Brain Training »: A review of geographical and physical environmental influences on cognitive ageing[END_REF][START_REF] Rosso | Neighborhood Socioeconomic Status and Cognitive Function in Late Life[END_REF] and therefore promote protective health behaviours (e.g., exercise) and facilitate cognitive stimulation (e.g., social interactions and cognitive activities, such as reading and game practice). These latter factors are negatively associated with the risk of dementia at the individual level [START_REF] Plassman | Systematic review: factors associated with risk for and possible prevention of cognitive decline in later life[END_REF]. Conversely, people living in deprived neighborhoods are more exposed to health risks due to the lower availability of such resources (less cognitive stimulation) and higher presence of environmental stressors [START_REF] Sheffield | Neighborhood context and cognitive decline in older Mexican Americans: results from the Hispanic Established Populations for Epidemiologic Studies of the Elderly[END_REF]. Deprived neighborhoods have been associated also with individual depression [START_REF] Vallée | The role of daily mobility in mental health inequalities: the interactive influence of activity space and neighbourhood of residence on depression[END_REF], a risk factor of dementia. Pollution, which might increase the risk of dementia [START_REF] Chen | Living near major roads and the incidence of dementia, Parkinson's disease, and multiple sclerosis: a population-based cohort study[END_REF], also could be higher in disadvantaged environments, and neighborhood social stressors amplify the association between air pollution and cognitive function [START_REF] Ailshire | Neighborhood social stressors, fine particulate matter air pollution, and cognitive function among older U.S. adults[END_REF]. Disadvantaged areas could also be noisier and this might favour sleep troubles that could increase the risk of cognitive decline [START_REF] Spira | Impact of Sleep on the Risk of Cognitive Decline and Dementia[END_REF].

The association between proportion of people aged 60 years or older and reduced risk of incident dementia is in agreement with a recent study showing that living in a neighborhood with a higher percentage of older people (≥65 years) is related to better individual cognition at baseline [START_REF] Friedman | Neighborhood age structure and cognitive function in a nationally-representative sample of older adults in the U[END_REF]. This is in accordance with the hypothesis that living in these neighborhoods may be more suitable for older people (responsive services, better social interactions...) [START_REF] Bennett | The effect of social networks on the relation between Alzheimer's disease pathology and level of cognitive function in old people: a longitudinal cohort study[END_REF][START_REF] Barnes | Social resources and cognitive decline in a population of older African Americans and whites[END_REF].

We can hypothesize that risk factors of cognitive decline may contribute more to the dementia risk in women than in men [START_REF] Mielke | Clinical epidemiology of Alzheimer's disease: assessing sex and gender differences[END_REF]. For example, APOEε4 has a stronger effect in women [START_REF] Altmann | Alzheimer's Disease Neuroimaging Initiative Investigators. Sex modifies the APOE-related risk of developing Alzheimer disease[END_REF]. Moreover, lower education levels and occupational attainment are more common in women [START_REF] Afsa | L'activité féminine en France: quelles évolutions récentes, quelles tendances pour l'avenir?[END_REF]. In addition, women seem to be more vulnerable and react differently to their environment. For instance, the insecurity stress affects more women than men and influences also their physical activity level [START_REF] Bengoechea | Gender differences in perceived environmental correlates of physical activity[END_REF]. Older women also are less mobile than men: they were less likely to work and to drive a car between 1950 and 1980 [START_REF] Dalen | Gender differences in environmental related behaviour[END_REF]. Consequently, women focus most of their activities in their neighborhood of residence, the characteristics of which may affect them more. Indeed, some authors suggest a greater vulnerability to the neighborhood characteristics, especially deprivation, in people with a limited activity space [START_REF] Vallée | The role of daily mobility in mental health inequalities: the interactive influence of activity space and neighbourhood of residence on depression[END_REF].

Even if individual risk factors differ according to sex, none of them explain differences between men and women.

Our main results are only slightly modified when controlling for major dementia risk factors in the models. The mechanisms behind the greater influence of socioeconomic environment in women needs further exploration. It remains unclear whether it is due to biological (sex) or sociocultural (gender) differences.

The main strengths of the present study include the longitudinal design, large population-based sample, active screening of dementia cases confirmed by an independent expert committee and adjustment for major individual SES variables and previously identified health factors. Even if we carefully selected confounding factors included in the models, we cannot excluded possible over-adjustment. The sample size also allowed the study of effect modifiers by strata. Our results were confirmed by analysing various aspects of deprivation (indicators of neighborhood composition and deprivation score) and we found similar results for dementia and AD. Some limitations should also be noted. The analysis focused on three French urban areas. Therefore, generalization across all France or to different countries is questionable. Furthermore, the characteristics of the individuals not included in the present study were different compared with those of the subjects included in the analyses. Specifically, they lived more frequently in disadvantaged neighborhoods and had poorer health status. Other dimensions of the neighborhood's social environment could also be important, such as safety, built environment, walkability and subjective poverty; however data on these factors were not collected at baseline and this restriction limits the interpretation and discussion of the results. At the individual level, we did not have a good indicator of social contact or isolation; we therefore used living alone (yes/no) as a proxy, which was not associated with the risk of dementia.

In conclusion, this study highlights the importance of examining cross-level interactions. A deprived neighborhood is detrimental for cognitive ageing only among women, independently of their individual characteristics. If confirmed in different population, this specificity should be taken into account by future public policies.

* median income (n=450), Gini index (n=516), interdecile ratio of household net taxable income (n=594) † former occupation (n=23), education level (n=12), APOE4 carrier status (n=394), history of cardiovascular diseases (n=2), diabetes (n=1) ‡ Subjects not included in the analyses were more depressed and lived in more disadvantaged neighbourhoods. 
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 12 Figure 1: Flow chart showing how participants from the French 3C cohort were selected for this study
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 3 Figure 3: Association between the neighbourhood composition indicators and risk of all-type dementia and Alzheimer disease (AD), according to sex: survival analysis (marginal Cox model, adjusted model * ) All-type dementia (n=792/7016)

  

Table 1 : Distribution of individual characteristics at baseline according to sex

 1 

	Individual characteristics, n (%)	All participants	Men	Women	p *
		(n=7016)	(n=2685)	(n=4331)	
	Sociodemographic and socioeconomic factors				
	Age (years) †	74.1 (5.4)	74.0 (5.4)	74.2 (5.4)	0.07
	Study centre				0.69
	Bordeaux	1585 (22.6)	606 (22.6)	979 (22.6)	
	Dijon	4084 (58.2)	1550 (57.7)	2534 (58.5)	
	Montpellier	1347 (19.2)	529 (19.7)	818 (18.9)	
	Civil status (n=6988)				<.0001
	Divorced or single	1032 (14.8)	203 (7.6)	829 (19.2)	
	Married	4087 (58.5)	2188 (82.0)	1899 (44.0)	
	Widow	1869 (26.8)	278 (10.4)	1591 (36.8)	
	Primary education	1676 (23.9)	569 (21.2)	1107 (25.6)	<.0001
	Income ≥ 2287 €	2317 (33.0)	1267 (47.2)	1050 (24.2)	<.0001
	Former blue collar workers	1261 (18.0)	561 (20.9)	700 (16.2)	<.0001
	Living alone (n=6999)	2592 (37.0)	399 (14.9)	2193 (50.8)	<.0001
	Disability (IADL) (n=6969)	590 (8.4)	166 (6.2)	424 (9.8)	<.0001
	Factors related to lifestyle				
	Alcohol consumption (n=6901)				
	Non-consumer	1403 (20.3)	217 (8.2)	1186 (27.9)	<.0001
	1-36 g/day	4952 (71.8)	1951 (73.6)	3001 (70,6)	
	>36 g/day	546 (7.9)	483 (18.2)	63 (1.5)	
	Smoking status (n=7013)				
	Current smoker	371 (5.3)	213 (7.9)	158 (3,7)	<.0001
	Former smoker	2301 (32.8)	1659 (61.8)	642 (14.8)	
	Non-smoker	4341 (61.9)	812 (30.3)	3529 (81.5)	
	Factors related to health				
	Incident dementia	792 (11.3)	273 (10.2)	519 (12.0)	0.02

* Wilcoxon test for age, Chi-square test for other variables † MEAN (SD) ‡ Hypertension: systolic blood pressure >140 mm Hg, diastolic blood pressure >90 mm Hg, or antihypertensive drug intake) § Hypercholesterolemia: fasting total cholesterol>6.2mmol/L or lipid-lowering drug intake) CVD, cardiovascular diseases; IADL, Instrumental Activities of Daily Living

Table 2 : Associations between individual characteristics at baseline and risk of dementia onset, survival analysis (marginal Cox model)

 2 

		All-type dementia (n=792)	Univariate		Multivariate †	
	Individual characteristics	n (% )	p *	HR (95% CI)	p	HR (95% CI)	p
	Level of education		<.0001				
	Primary	275 (16.4)		1	-	1	-
	Secondary or higher	517 (9.7)		0.57 (0.49-0.67)	<.0001	0.70 (0.60-0.82)	<.0001
	Income		<.0001				
	< 2287 €	594 (12.6)		1	-	1	-
	≥ 2287 €	198 (8.6)		0.72 (0.62-0.84)	<.0001	0.88 (0.73-1.05)	0.16
	Former occupation		<.0001				
	White collar worker	601 (10.4)		1	-	1	-
	Blue collar worker	191 (15.2)		1.64 (1.39-1.94)	<.0001	1.23 (1.01-1.49)	0.04
	Living alone (n=6999)		0.0002				
	No	449 (10.2)		1	-	1	-
	Yes	341 (13.2)		1.03 (0.91-1.17)	0.66	0.93 (0.80-1.08)	0.35

* Chi-square test † Model adjusted for sex, study centre, educational level, income, occupational category, APOEε4 carrier status, diabetes, history of cardiovascular diseases, depressive symptoms and disability (IADL)

Table 3 : Associations between neighborhood characteristics at baseline and risk of dementia onset, survival analysis (marginal Cox model)
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		All-type dementia (n=792)	Univariate	
	Neighborhood characteristics	n (%)	p *	HR (95% CI)	p
	3C deprivation score				
	T1 (< -0.94)	239 (10.3)	0.006	1	-
	T2 (-0.94-0.28)	255 (10.8)		0.99 (0.82-1.21)	0.94
	T3 (>0.28)	298 (12.8)		1.15 (0.93-1.42)	0.21
	Proportion of residents without secondary education				
	T1 (<40.3)	271 (11.8)	0.38	1	-
	T2 (40.3-54.6)	224 (9.5)		0.88 (0.73-1.06)	0.19
	T3 (>54.6)	297 (12.6)		1.18 (0.99-1.41)	0.06
	Gini index				
	T1 (<0.31)	240 (10.2)	0.08	1	-
	T2 (0.31-0.35)	276 (11.8)		1.07 (0.87-1.32)	0.53
	T3 (>0.35)	276 (11.9)		1.00 (0,79-1.24)	0.96
	Proportion of tenants				
	T1 (<44.2)	235 (10.2)	0.003	1	-
	T2 (44.2-58.6)	254 (10.8)		1.00 (0.81-1.24)	0.98
	T3 (>58.6)	303 (12.9)		1.15 (0.93-1.41)	0.19
	Unemployment rate				
	T1 (<10.3)	220 (9.3)	0.0004	1	-
	T2 (10.3-14.6)	280 (12.0)		1.21 (1.00-1.47)	0.05
	T3 (>14.6)	292 (12.6)		1.24 (1.03-1.48)	0.02
	Proportion of blue collar workers				
	T1 (<13.6)	267 (11.1)	0.23	1	-
	T2 (13.6-20.8)	239 (10.5)		0.99 (0.84-1.18)	0.94
	T3 (>20.8)	286 (12.2)		1.22 (1.01-1.47)	0.04
	Proportion of households without a car				
	T1 (<21.2)	232 (9.9)	0.02	1	-
	T2 (21.2-29.0)	278 (12.0)		1.19 (0.98-1.46)	0.08
	T3 (>29.0)	282 (12.0)		1.11 (0.90-1.37)	0.33
	Proportion of single parents				
	T1 (<11.9)	254 (10.8)	0.49	1	-
	T2 (11.9-16.5)	270 (11.7)		1.03 (0.85-1.26)	0.74
	T3 (>16.5)	268 (11.4)		0.98 (0.79-1.21)	0.83
	Settlement index				

* p for trend
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