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Abstract
Background: Socioeconomic level of residential environment was found to influence cognitive performance.
However, individuals from the same place of residence may be affected differently. We aim to investigate for the
first time the influence of individual activity space on the association between neighborhood socioeconomic status
(NSES) and the risk of dementia.
Methods: In the frame of the Three-City cohort, a French population-based study, we followed longitudinally
(12 years) 7009 participants aged over 65. The activity space (i.e., the spatial area through which a person moves
daily) was defined using two questions from Lawton’s Instrumental Activities of Daily Living scale (“Goes shopping
independently”,“Travels alone”), and one question about mobility restriction. The survival analysis was performed
using a Cox marginal model that takes into account intra-neighborhood correlations and includes a large number
of potential confounders.
Results: Among people with a limited activity space (n = 772, 11%), risk of dementia is increased in subjects living
in a deprived area (characterized by high GINI index or low median income) compared to those living in more
favored.
Conclusion: This study shows that the individual activity space modifies the association between NSES and the risk
of dementia providing a more complete picture of residential inequalities. If confirmed in different populations,
these findings suggest that people with limited activity space and living in a deprived neighborhood are particularly at
risk and should be targeted for prevention.
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Background
Social inequalities in health can be determined by place
of residence [1, 2]. Recent studies suggested that the living environment might influence cognitive aging [3–8]
and the risk of dementia [9, 10]. However, some individual characteristics could modify the impact of neighborhood characteristics on cognition [11], such as ethnicity
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[12, 13] or social class [14]. For instance, we showed that
the risk of dementia is increased only in women living in
the most deprived neighborhoods [9]. Such effect of
contextual risk factors on dementia incidence only in
women might be related by their greater propensity to
perform their activities in their neighborhood of residence. Indeed, women of this generation are less likely
to work and to have a driving license, and live more
often alone.
In order to explore this assumption, we defined the
construct of activity space. Activity space has been defined as “the subset of all locations within which an
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individual has direct contact as a result of his or her
day-to-day activities” [15]. It is a measure of daily mobility, and reflects the spatial area through which a person
moves over a specific time period [16]. Activity space
may better reflect the individual exposure to the living
environment because it captures the spatial range of
daily experience [17, 18]. People move in and out of
their residential neighborhood in the course of their
daily activities, and may encounter different types and
levels of resources [19]. Whether the activity space could
modulate the neighborhood influence on cognition is
still unknown.
Based on the hypothesis that the activity space might
contribute to inequalities in the contextual exposure to
deprivation and resource access [17, 20], we investigated
whether activity space modifies the relation between living environment and dementia risk in a cohort of
community-living older people.

Methods
Study population

Data were analyzed in 2018 from the Three-City Study
(3C), a longitudinal community-living cohort of people
aged 65 years and over included from the electoral rolls
of three French cities (Bordeaux, Dijon, and Montpellier)
between 1999 and 2001. The 3C study main objective
[21] was to assess the risk of dementia and cognitive impairment related to vascular factors.
Among the 9294 participants, we selected those with
identifiable geographical area of residence and data on environmental exposure, and we restricted the analyses to
geographical areas where at least five participants were living (n = 8457). We also excluded 213 subjects with prevalent dementia, 816 without follow-up, and 419 subjects
with missing data for individual covariates. Finally, we included 7009 individuals in the analysis.
Each participant signed an informed consent. The study
protocol was approved by the Ethics Committees of the
Hospital of Kremlin-Bicêtre and Sud-Méditerranée III.
Activity space

We created the activity space proxy on an empirical
basis and expert advice, using three questions included
in the 3C protocol. This proxy indicated the degree of
mobility within the living space. The first two questions
were from the Lawton’s Instrumental Activities of Daily
Living (IADL) scale (“Goes shopping independently” and
“Travels alone using different means of transport”) [22].
The last one (“Do you have trouble moving?”) was from
the mobility scale and had four possible answers (“Confined to bed or chair”; “Confined at home”; “Confined to
the neighborhood”, and “No restriction”).
We considered individuals as having a limited activity
space when they needed help to go shopping, or were
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unable to move without being accompanied, or were
confined at home or to their neighborhood; otherwise,
we classified them as having an unlimited activity space.
Neighborhood socio-economic status (NSES)

Based on geocoding of postal addresses of participants,
we matched them to their IRIS neighborhood of residence [9, 23]. IRIS is the smallest and most detailed census aggregation level employed by the French National
Institute of Statistics and Economic Studies to disseminate information (i.e., “Ilots Regroupés pour l’Information
Statistique”, IRIS).
We used data from the 1999 census and the 2001
“household tax income” to evaluate the NSES at baseline. The NSES is generally regarded as the combination
of socioeconomic variables at the individual or household level, and is often assessed using a poverty index.
We previously defined a 3C deprivation score [9] by
Principal Component Analysis. The 3C deprivation score
was characterized by a positive score and high weight
for the following components: proportion of households
without a car, of tenants and single parents, Gini index
(an indicator of income inequality), unemployment rate,
and settlement index; and a negative score for the tax
household income. The IRIS neighborhood position on
this axis defines its degree of deprivation. We categorized the 3C deprivation score in tertiles (T1, T2 and T3;
from the least to the most deprived neighborhood) [9].
Diagnosis of dementia

First, at baseline and each follow-up, the evaluation of
neuropsychological tests (Mini-Mental State 130 Examination (MMSE), the Isaacs Set Test, and the Benton
Visual Retention Test) is performed by trained psychologist. Participants underwent dementia screening with
neuropsychological exams during the 12-year follow-up
of the 3C study. As detailed previously [9], diagnosis of
dementia was assessed through two- (all subjects examined by a neurologist) or three- (selection of subject according to neuropsychological battery results) step
procedure according to the center and time of exam.
The final step was the case review by an independent
committee of neurologists to obtain a consensus on the
diagnosis according to the DSM-IV criteria [24]. For the
analyses, we considered all incident cases of all-cause dementia over the 12-year follow-up period.
Other variables

We evaluated the individual socio-economic status (SES)
using the following variables: sex, age, study center, level
of education (primary, secondary and higher), monthly
household income (≥2287€ and < 2287€) and former occupational category (blue collars: workers, farmers, artisans; and white collars). We also considered behavior
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variables and vascular risk factors as potential confounders: alcohol consumption (non-consumer; 1–36 g/
day; > 36 g/day), smoking status (current smoker; former
smoker; non-smoker), body mass index (BMI) categories
(underweight: BMI < 18.5 kg/m2; normal: 18.5 ≤ BMI <
25 kg/m2; overweight: 25 ≤ BMI < 30 kg/m2; obesity:
BMI ≥ 30 kg/m2), diabetes (antidiabetic treatment, or glycemia > 7.0 mmol/L, or diabetes history), hypertension
(systolic blood pressure > 140 mmHg or diastolic blood
pressure > 90 mmHg, or antihypertensive drug intake),
hypercholesterolemia (fasting total cholesterol > 6.2
mmol/L, or lipid-lowering drug intake), and APOEε4
carrier (defined as the presence of at least one ε4 allele).
We also included self-reported history of cardiovascular
diseases (CVD) (including stroke, angina pectoris, myocardial infarction and cardiac and vascular surgery), depressive symptoms (Center for Epidemiologic Studies
Depression Scale score ≥ 17 for men and ≥ 23 for
women, or too depressed to respond), and IADL limitations defined using the three questions of the Lawton
scale shared by both sexes and not included in the activity space proxy: ability to use the phone, responsibility
for taking medications and ability to manage the budget
(IADL «budget, medication, phone»).
To investigate social isolation, we recorded whether
the person lived alone (yes/no), and used a social network index (SNI) for the sensitivity analyses. The 3C
SNI was inspired by the Berkman-Syme Social Network
Index [25], and was available only for the Montpellier
and Dijon centers (5083 participants). This is a composite measure of three types of social connections: marital
status (no: 0; yes: 1), sociability/contacts with close
friends and relatives (never or sometimes: 0; regularly or
often: 1), and participation in organization(s)/club(s)
(never or almost never: 0; all other options: 1). Based on
the total SNI score, we defined a person as socially isolated (score = 0), moderately isolated (score = 1), moderately integrated (score = 2), and socially integrated
(score = 3).
Statistical analysis

We performed longitudinal analysis to study all variables associated with the risk of dementia using a marginal Cox
model with age as the time scale [26]. This model, which uses
a robust sandwich variance estimator, takes into account the
correlations between individuals in the same geographical
area. We conducted univariate and multivariate analyses. We
selected individual covariates for multivariate analysis by combining information from univariate analyses (selection of variables with p < 0.20) and literature [27, 28]. Therefore, for the
multivariate analyses, we retained individual sociodemographic variables (sex, study center, educational level, income
and occupational grade) and health status variables (APOEε4,
diabetes, cardiovascular disease, depressive symptoms and
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IADL «budget, medication, phone»). We tested the interactions between activity space and NSES determinants or sex.
In view of our previous results [9], we decided to perform
additional analyses restricted to women.
We expressed results as hazard ratios (HR) and 95%
confidence intervals (CI). We used the Cochran-Armitage
trend test to analyze the dose-effect, when appropriate.
We used the SAS (SAS version 9.4) procedure PHREG to
estimate the parameters. In a subsample analyses, we used
chi-square test to evaluate the association between activity
space and 3C SNI.

Results
Subjects characteristics

Among the 7009 people retained for this study (54,857
person-years (py)), 789 developed incident dementia over
the 12-year follow-up period, corresponding to an annual
incidence rate of 14.4/1000 py. The median age at enrollment was 73.5 years and participants had been living in
the same residence for 25 years on average (SD 15).
Among the 7009 participants, 62% were women, 37% lived
alone, 24% had only primary education, 18% were blue
collars, 13% had depressive symptoms, 38% were current
smokers or former smokers, 52% were overweight or
obese, 9% had diabetes and 9% had history of CVD.
Among the 789 people who developed dementia, 554 had
Alzheimer’s dementia (68.7%).
Individual characteristics according to the activity space

Activity space was limited in 11% of participants (n =
772). Compared with participants with unlimited activity
space, people with limited activity space were older,
more often women and widowed, and frequently lived
alone (Table 1). They were less likely to consume alcohol
and tobacco. Conversely, underweight, diabetes, CVD
history, hypertension and depression were more frequent
in people with limited activity space, as well as dependency for daily activities (8.0% vs 0.8% for unlimited activity space). Dementia incidence also was higher among
people with limited activity space (38.4/1000py vs 12.2/
1000 py for unlimited activity space).
Activity space and dementia

In univariate models, individuals with limited activity
space (to move, shopping or use public transport) were
at greater risk of developing dementia (HR = 2.06, 95%
CI = 1.75–2.42), compared with individuals with
unlimited activity space. After adjusting for socioeconomic (sex, study center, educational level, income and
occupational grade) and health characteristics (APOEε4,
diabetes, cardiovascular disease, depressive symptoms
and IADL «budget, medication, phone»), this risk decreased but remained significant (adjusted HR = 1.55,
95% CI = 1.31–1.84).
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Table 1 Distribution of individual baseline characteristics according to activity space
Individual characteristics, N (%)

No limited activity space (n = 6237)

Limited activity space (n = 772)

pa

3735 (59.9)

591 (76.6)

<.0001

73.6 (5.1)

78.4 (6.1)

Socio-demographic and socio-economic factors
Female
b

Age at inclusion (years)
Study center

<.0001
<.0001

Bordeaux

1362 (21.8)

223 (28.9)

Dijon

3641 (58.4)

439 (56.9)

Montpellier

1234 (19.8)

110 (14.3)

Familial status (n = 6988)

<.0001

Divorced or single

906 (14.6)

126 (16.3)

Married

3737 (60.2)

346 (44.9)

Widowed

1567 (25.2)

299 (38.8)

Primary study

1407 (22.6)

266 (34.5)

<.0001

Income ≥2287 €

2169 (34.8)

145 (18.8)

<.0001

Blue collars

1072 (17.2)

189 (24.5)

<.0001

Living alone (n = 6992)

2217 (35.6)

372 (48.4)

<.0001

IADL « budget, medication, phone »

51 (0.8)

62 (8.0)

<.0001

Non consumer

1148 (18.7)

254 (33.5)

<.0001

1-36 g/day

4474 (72.9)

474 (62.5)

> 36 g/day

513 (8.4)

31 (4.1)

Current smoker

342 (5.5)

29 (3.8)

Former smoker

2112 (33.9)

186 (24.2)

Non-smoking

3782 (60.7)

555 (72.1)

1250 (20.0)

140 (18.1)

Factors related to lifestyle
Alcohol consumption (n = 6901)

Smoking status (n = 7013)
<.0001

Factors related to health
Presence of the APOEε4
Body mass index

0.21
<.0001

Underweight (< 18.5)

123 (2.0)

58 (7.5)

Normal (18.5–25)

2869 (46.0)

290 (37.6)

Overweight [25–30]

2459 (39.4)

274 (35.5)

Obese (> 30)

786 (12.6)

150 (19.4)

Diabetes

536 (8.6)

112 (14.5)

<.0001

History of CVD

508 (8.1)

118 (15.3)

<.0001

c

Hypertension (n = 6858)

2499 (40.9)

386 (51.8)

<.0001

Hypercholesterolemiad (n = 7000)

3580 (57.5)

406 (52.7)

0.0123
<.0001

Depressive syndrome (n = 6924)

697 (11.2)

193 (25.0)

Incidence rate of dementia (/1000 py)

12.2

38.4

a

Wilcoxon test for age, chi-square test for other variables
MEAN (SD)
Hypertension: systolic blood pressure > 140 mmHg or diastolic blood pressure > 90 mmHg or antihypertensive drug intake)
d
Hypercholesterolemia: fasting total cholesterol> 6.2 mmol/L or lipid-lowering drug intake
CVD, cardiovascular diseases; IADL, Instrumental Activities of Daily Living
Note: People with limited activity space = people who have need to help to go shopping, or if they are unable to move without being accompanied, or if people
are confined at home or at their neighborhood
b
c
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Deprived or unequal neighborhoods, activity space and
dementia

Interactions between some neighborhood composition indicators and activity space were detected: 3C deprivation score
(p = 0.07), proportion of blue-collar workers (p = 0.14), of
households without car (p = 0.03), and of people aged 60
years or over (p = 0.06), Gini index (p = 0.04) and median
household net taxable income (p = 0.03). These analyses did
not highlight any interaction between activity space and sex.
These neighborhood composition indicators modulated the risk of dementia mainly when activity space
was limited. Specifically, the 3C deprivation score was
associated with the risk of incident dementia only in
people with limited activity space. The number of incident dementia cases was lower (13.2/1000py) in the least
deprived neighborhoods (T1), and progressively increased with the neighborhood deprivation (13.9/1000py
in the intermediate (T2), and 16.0/1000py in the most
deprived neighborhoods (T3)). In univariate analyses
(with age as baseline time), the risk of dementia was significantly increased only for the most disadvantaged
neighborhoods compared with the least disadvantaged
(T3 HR = 1.45, 95% CI 1.01–2.06), but was no longer
significant after adjustments for confounders (Table 2).
Moreover, the dementia risk was higher for people who
lived in neighborhoods with high proportion of car-free
households (> 29.0%; T3) than for those in neighborhoods with low proportion (< 21.2%; T1), but only if
their activity space was limited. This association
remained significant after adjusting for individual SES
and health status variables (T3 adjusted HR = 1.42, 95%
CI 1.00–2.03) (Table 2). People with limited activity
space and residing in neighborhoods with high Gini
index, where income inequalities were higher, also had a
higher risk of dementia (T3 adjusted HR = 1.60, 95% CI
1.04–2.45) (Table 2). Compared with those living in a
neighborhood where the proportion of blue-collar
workers was lower than 13.6% (T1), living in a neighborhood with a high proportion of blue-collar
workers (> 20.8%; T3) also was associated with a
higher risk of dementia only for individuals with limited activity space (T3 HR = 1.38, 95% CI = 1.00–1.90)
After adjustment for individual characteristics, this
association was no longer significant (T3 adjusted
HR = 1.19, 95% CI 0.85–1.67) (Table 2).
Advantaged neighborhoods, activity space and dementia

The risk of dementia was decreased for people with a
limited activity space only when they lived in quite
wealthy neighborhoods, where the median household
net taxable income per consumption unit was higher
than 15,500 € (T2 HR = 0.68, 95% CI 0.49–0.94; T3 HR
= 0.64, 95% CI 0.46–0.90), even after adjustment (T2
adjusted HR = 0.67, 95% CI = 0.48–0.94; T3 adjusted HR
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= 0.68, 95% CI = 0.46–1.00) (Table 3). The risk of
dementia for individuals with limited activity was reduced also when they lived in a neighborhood with
higher proportion of people over 60 years (T2 adjusted
HR = 0.65, 95% CI = 0.47–0.91; T3 adjusted HR = 0.71,
95% CI = 0.51–0.99) (Table 3).
Complementary analyses

When we restricted these analyses to women only, we
did not find the negative effect of disadvantaged neighborhoods for the limited activity space group (T3 3C
deprivation score HR = 1.49, 95% CI = 0.96–2.30)
(Table 5). Conversely, we confirmed the protective effect
of advantaged neighborhood characteristics (median income and proportion of people aged 60 years or over) in
the case of limited activity space (T3 HR = 0.61, 95% CI
= 0.41–0.89; and T3 adjusted HR = 0.68, 95% CI = 0.48–
0.96, respectively) (Table 6).
Other complementary analyses on a subsample with
available data (participants from Montpellier and
Dijon) showed that the activity space was associated
with the 3C SNI (Table 4). Specifically, people with
limited activity space were more socially isolated
(10.8% vs 5.2%, p < 0.0001). The influence of the activity space on social isolation remained significant
after adjustment for physical activity.

Discussion
The results of our study suggests that the individual activity space, a concept that reflects the local areas within
which people move in the course of their daily activities
[29], influences vulnerability to the neighborhood environment. Specifically, in our cohort of people older than
65 years of age, the risk of dementia was higher among
those living in deprived neighborhood only if their activity space was limited. On the other hand, an advantaged
neighborhood was associated with a lower risk of dementia only for people with limited activity space, and
individual characteristics only slightly changed this
effect.
People with a limited activity space are more exposed
to risk factors of cognitive decline, such as depressive
symptoms [30] or poorer physical activity [31]. In our
study, the health status and individual socioeconomic
variables reduced the strength of the association between
contextual features and dementia risk. However, this association remained significant for several NSES indicators, suggesting that such risk is not fully explained by
socioeconomic individual factors and medical problems.
To our knowledge, three previous studies found that
greater activity space is associated with reduced cognitive decline, but none examined its influence on the risk
of dementia [32–34]. It is not fully understood how activity space can influence cognition [35]. Activity space
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Table 2 Association between deprived and unequal neighborhood characteristics and risk of dementia, according to activity space
Deprived and unequal neighborhood characteristics
3C deprivation score

All-type dementia (n = 789)

Univariate model

n

HR (95% IC)

Multivariate modela
p

HR (95% IC)

p

No limited activity space
T1 (most privileged)

192

1

–

1

–

T2

202

0.97 (0.79–1.18)

0.73

0.97 (0.80–1.17)

0.74

T3 (most deprived)

218

1.06 (0.85–1.31)

0.62

1.04 (0.83–1.29)

Global p-value

0.64

0.76
0.80

Limited activity space
T1 (most privileged)

47

1

–

1

–

T2

51

1.09 (0.73–1.63)

0.68

1.07 (0.72–1.60)

0.74

T3 (most deprived)

79

1.45 (1.01–2.06)

0.04

1.37 (0.92–2.05)

0.12

Global p-value
Proportion of blue collar workers

0.06

0.23

No limited activity space
T1 (< 13.6)

215

1

–

1

–

T2 (13.6–20.8)

186

0.98 (0.81–1.18)

0.81

0.90 (0.75–1.08)

0.24

T3 (> 20.8)

211

1.13 (0.93–1.38)

0.21

0.95 (0.78–1.15)

0.32

Global p-value

0.61
0.51

Limited activity space
T1 (< 13.6)

50

1

–

1

–

T2 (13.6–20.8)

52

1.01 (0.71–1.44)

0.96

0.94 (0.65–1.35)

0.73

T3 (> 20.8)

75

1.38 (1.00–1.90)

0.05

1.19 (0.85–1.67)

0.32

0.09

Global p-value
Proportion of households without car

0.37

No limited activity space
T1 (< 21.2)

188

1

–

1

–

T2 (21.2–29.0)

221

1.17 (0.96–1.43)

0.13

1.20 (1.00–1.44)

0.05

T3 (> 29.0)

203

1.00 (0.81–1.24)

0.99

1.00 (0.83–1.22)

0.19

Global p-value

0.98
0.08

Limited activity space
T1 (< 21.2)

44

1

–

1

–

T2 (21.2–29.0)

56

1.28 (0.86–1.90)

0.22

1.36 (0.92–2.01)

0.13

T3 (> 29.0)

77

1.48 (1.04–2.12)

0.03

1.42 (1.00–2.03)

0.05

0.09

Global p-value
Gini index

0.14

No limited activity space
T1 (< 0.31)

191

1

–

1

–

T2 (0.31–0.35)

214

1.05 (0.85–1.29)

0.64

1.09 (0.89–1.33)

0.42

T3 (> 0.35)

207

0.93 (0.75–1.15)

0.48

0.97 (0.78–1.20)

0.39

Global p-value

0.75
0.42

Limited activity space
T1 (< 0.31)

48

1

–

1

–

T2 (0.31–0.35)

62

1.23 (0.82–1.84)

0.32

1.28 (0.86–1.89)

0.22

T3 (> 0.35)

67

1.45 (0.98–2.15)

0.06

1.60 (1.04–2.45)

0.03

Global p-value
a

0.16

0.10

Marginal Cox model adjusted for sex, study center, education level, income, occupational category, APOEε4 carrier status, diabetes, history of cardiovascular
diseases, depressive symptoms and disability (IADL « budget, medication, phone »)
Note: People with limited activity space = people who have need to help to go shopping, or if they are unable to move without being accompanied, or if people
are confined at home or at their neighborhood
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Table 3 Association between advantaged neighborhood characteristics and risk of dementia, according to activity space

Median household net taxable income

Multivariate modela

All-type dementia (n = 789) Univariate model

Advantaged neighborhood characteristics

n

HR (95% IC)

p

HR (95% IC)

p

T1 (< 15,487)

210

1

–

1

–

T2 (15487–18,091)

202

1.00 (0.81–1.24)

0.99

1.06 (0.86–1.31)

0.58

T3 (> 18,091)

200

0.92 (0.76–1.10)

0.34

1.01 (0.83–1.24)

No limited activity space

Global p-value

0.55

0.91
0.83

Limited activity space
–

81

1

T2 (15487–18,091)

53

0.68 (0.49–0.94) 0.02

T3 (> 18,091)

43

0.64 (0.46–0.90) 0.009 0.68 (0.46–1.00) 0.05

Global p-value

1

–

T1 (< 15,487)

0.67 (0.48–0.94) 0.02

0.008

0.03

Proportion of people aged 60 years or over No limited activity space
T1 (< 20.0)

214

1

–

1

–

T2 (20.0–24.7)

190

0.89 (0.73–1.09)

0.26

0.93 (0.77–1.14)

0.49

T3 (> 24.7)

208

0.97 (0.79–1.19)

0.78

0.97 (0.80–1.19)

Global p-value

0.48

0.78
0.78

Limited activity space
–

79

1

T2 (20.0–24.7)

42

0.61 (0.44–0.85) 0.003 0.65 (0.47–0.91) 0.01

T3 (> 24.7)

56

0.68 (0.49–0.95) 0.02

Global p-value

0.004

1

–

T1 (< 20.0)

0.71 (0.51–0.99) 0.04
0.02

a

Marginal Cox model adjusted for sex, study center, education level, income, occupational category, APOEε4 carrier status, diabetes, history of cardiovascular
diseases, depressive symptoms and disability (IADL « budget, medication, phone »)
Note: People with limited activity space = people who have need to help to go shopping, or if they are unable to move without being accompanied, or if people
are confined at home or at their neighborhood

modulates the relationship with the environment, the
daily access to resources, and participation in social,
cultural, recreational and physical activities [36, 37]. Furthermore, unrestricted activity space correlates positively
with quality of life [38] and active social participation
[39, 40]. Conversely, a restricted life-space mobility may
decrease social integration, whereas the maintenance of social participation contributes to successful aging [41–43].
Moreover, a deprived residential environment is associated with poorer mental health [44]. It can also exert a
stronger influence on the cognitive decline of people
whose activity space is limited to their neighborhood of
residence, possibly because they are more present and

consequently the neighborhood’s influence is greater.
Conversely, an advantaged neighborhood of residence is
beneficial for health and facilitates cognitive stimulation.
Hand and Howrey showed that a higher proportion of
neighborhood residents aged 65 and older is associated
with increased odds of more frequent participation in
social activities, such as club attendance [45], and this
can reduce the risk of dementia [46].
To our knowledge, only another study showed that the
activity space influences the association between neighborhood of residence and mental health. Vallée et al.
found that people living in more deprived neighborhoods are significantly more depressed that those living

Table 4 Distribution of social isolation (SNI 3C) according to activity space in a subsample (n = 5083)
N (%)

No limited activity space (n = 4592)

Limited activity space (n = 491)

Social Network index 3C
Socially isolated

237 (5.2)

53 (10.8)

Moderatly isolated

1268 (27.6)

198 (40.3)

Moderatly integrated

2063 (44.9)

183 (37.3)

Socially integrated

1024 (22.3)

57 (11.6)

*Chi-square test

p*
<.0001
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Table 5 Association between deprived and unequal neighborhood characteristics and risk of dementia only in women
Deprived and unequal neighborhood characteristics
3C deprivation score

All-type dementia (n = 517)

Univariate model

n

HR (95% IC)

Multivariate modela
p

HR (95% IC)

p

No limited activity space
T1 (most privileged)

110

1

–

1

–

T2

120

1.03 (0.78–1.35)

0.85

1.01 (0.79–1.30)

0.91

T3 (most deprived)

151

1.24 (0.97–1.60)

0.09

1.25 (0.98–1.60)

0.08

Limited activity space

Proportion of blue collar workers

T1 (most privileged)

36

1

–

1

–

T2

40

1.07 (0.68–1.73)

0.68

1.08 (0.68–1.70)

0.76

T3 (most deprived)

60

1.49 (0.96–2.30)

0.08

1.39 (0.89–2.16)

0.15

T1 (< 13.6)

135

1

–

1

–

T2 (13.6–20.8)

119

0.98 (0.74–1.29)

0.87

0.87 (0.68–1.10)

0.24

T3 (> 20.8)

127

1.06 (0.83–1.36)

0.63

0.87 (0.69–1.09)

0.23

T1 (< 13.6)

42

1

–

1

–

T2 (13.6–20.8)

39

0.92 (0.62–1.38)

0.68

0.93 (0.61–1.40)

0.72

T3 (> 20.8)

55

1.21 (0.84–1.74)

0.32

1.11 (0.78–1.60)

0.56

T1 (< 21.2)

110

1

–

1

–

T2 (21.2–29.0)

137

1.14 (0.89–1.46)

0.30

1.19 (0.96–1.49)

0.12

T3 (> 29.0)

134

1.10 (0.84–1.46)

0.49

1.11 (0.86–1.44)

0.43

T1 (< 21.2)

34

1

–

1

–

T2 (21.2–29.0)

41

1.20 (0.75–1.91)

0.46

1.29 (0.82–2.02)

0.27

T3 (> 29.0)

61

1.43 (0.91–2.25)

0.12

1.46 (0.94–2.26)

0.09

T1 (< 0.31)

113

1

–

1

–

T2 (0.31–0.35)

133

1.09 (0.84–1.41)

0.53

1.10 (0.87–1.41)

0.43

T3 (> 0.35)

135

1.04 (0.80–1.35)

0.80

1.14 (0.89–1.45)

0.30

T1 (< 0.31)

39

1

–

1

–

T2 (0.31–0.35)

47

1.25 (0.78–2.00)

0.35

1.32 (0.86–2.04)

0.22

T3 (> 0.35)

50

1.36 (0.86–2.16)

0.19

1.28 (0.82–2.01)

0.28

No limited activity space

Limited activity space

Proportion of households without car

No limited activity space

Limited activity space

Gini index

No limited activity space

Limited activity space

a

Marginal Cox model adjusted for study center, education level, income, occupational category, APOEε4 carrier status, diabetes, history of cardiovascular diseases,
depressive symptoms and disability (IADL « budget, medication, phone »)
Note: People with limited activity space = people who have need to help to go shopping, or if they are unable to move without being accompanied, or if people
are confined at home or at their neighborhood

in more advantaged neighborhood [20]. Other studies
showed that taking into account the activity space increases the magnitude of the association between living
environment and self-rated health or health screening. A
higher exposure to less disadvantaged non-residential
neighborhoods during the daily activities is associated
with a proportionally better self-rated health [47].
Women living in low medical-density neighborhoods
have a significantly higher risk of delayed health

screening, but only those who concentrate their daily activities within their neighborhood of residence [48].
The design of this study cohort is one of the main
strength of the present study. The 3-City cohort is a
large population-based sample with long follow-up and
active search of dementia cases, validated by adjudication committee. Furthermore, this study gathered major
individual SES variables and documented health status
and health risk factors, which gave more strength and
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Table 6 Association between advantaged neighborhood characteristics and risk of dementia only in women

Median household net taxable income

Multivariate modela

All-type dementia (n = 517) Univariate model

Advantaged neighborhood characteristics

n

HR (95% IC)

p

HR (95% IC)

p

T1 (< 15,487)

139

1

–

1

–

T2 (15487–18,091)

125

0.97 (0.75–1.26)

0.83

0.96 (0.76–1.20)

0.70

T3 (> 18,091)

117

0.85 (0.67–1.09)

0.21

0.89 (0.70–1.14)

0.37

T1 (< 15,487)

59

1

–

1

–

T2 (15487–18,091)

45

0.73 (0.50–1.05) 0.09 0.76 (0.53–1.07)

T3 (> 18,091)

32

0.61 (0.41–0.89) 0.01 0.67 (0.44–1.02) 0.06

T1 (< 20.0)

145

1

–

1

–

T2 (20.0–24.7)

113

0.80 (0.61–1.04)

0.10

0.85 (0.67–1.09)

0.21

T3 (> 24.7)

123

0.84 (0.66–1.07)

0.17

0.87 (0.69–1.10)

0.24

T1 (< 20.0)

63

1

–

1

–

T2 (20.0–24.7)

30

0.59 (0.38–0.89) 0.01 0.60 (0.39–0.92) 0.02

T3 (> 24.7)

43

0.69 (0.47–0.99) 0.04 0.68 (0.48–0.96) 0.03

No limited activity space

Limited activity space

0.11

Proportion of people aged 60 years or over No limited activity space

Limited activity space

a

Marginal Cox model adjusted for study center, education level, income, occupational category, APOEε4 carrier status, diabetes, history of cardiovascular diseases,
depressive symptoms and disability (IADL « budget, medication, phone »)
Note: People with limited activity space = people who have need to help to go shopping, or if they are unable to move without being accompanied, or if people
are confined at home or at their neighborhood

confidence in our multivariate analyses results. The results are in line with those previously reported for
women [9], although interactions between activity space
and sex were not significant, certainly due to the lack of
statistical power in the sub-groups. Despite this small
subsample, in women only, we confirmed the protective
effect of advantaged neighborhood characteristics in the
case of limited activity space but do not evidenced the
deleterious effect of deprivation.
Our study also has some limitations. First, our population
sample is recruited in three French urban areas limiting the
generalization of our results. Comparison between subjects
included in analyses and those excluded for absence of
follow-up or missing data, show that the later lived more
frequently in disadvantaged neighborhoods and had poorer
health status. The multiplicity of tests due to different
neighborhood variables may increase the risk of Type 1
error but each contextual variables represent a different dimension even if some are correlated. Furthermore, the concept of activity space is often assessed using geographic
information system methods, and sometimes with the
Life-Space Assessment (LSA) questionnaire [49], to score
the distance and frequency of movement and assistance
needed in moving. However, we did not have access to this
kind of data. Therefore, we chose to create a simple and
original measure of activity space, by combining two questions of the Lawton’s IADL scale and one about mobility restriction. Activity space represented a major construct in

this study. The documentation of activity space is based on
existing data sources (IADL-scores) which have not been
implemented in the basic study for this purpose and therefore represent a surrogate marker. Our results remained
significant when adjusted for disability (the other part of
the IADL scale), indicating that our activity space variable
goes beyond the loss of autonomy; it is more a “loss of
neighborhood”. Overall, as detailed in this discussion, some
of our results are difficult to interpret and require further
quantitative and qualitative studies.

Conclusion
For individuals with limited activity space, living in a deprived neighborhood is detrimental for cognitive ageing,
whereas living in an advantaged neighborhood is associated with a lower risk of dementia. Activity space may
provide a more complete picture of the inequalities induced by residential neighborhood exposure [50]. If confirmed in different populations, these findings suggest
that people with limited activity space and living in a deprived neighborhood are particularly at risk and should
be targeted for prevention.
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