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Abstract
Background: In the light of urbanization and aging, a crucially relevant policy question is how to shape
neighborhoods to foster healthy aging. An important debate is whether older adults should group in
neighborhoods, or whether a more mixed neighborhood age composition is more beneficial to health and wellbeing. We therefore assessed the association between neighborhood age structure and mental health and the
mediating role of individual perceptions of neighborhood social factors.
Methods: We conducted multivariable linear regression models and causal mediation analyses in 1255 older adults
of the Dutch Globe study. The neighborhood age structure was measured in 2011 as the homogeneity of the age
composition (using the Herfindahl-Hirschman index, range from 0 to 100, a higher score indicating more
homogeneity) and the percentage of specific age groups in a neighborhood. Mental health was measured in 2014
by the Mental Health Inventory-5 score (range 0 to 100, a higher score indicating better mental health). Potential
mediators were assessed in 2011 and included perceptions of neighborhood social cohesion, feeling at home in a
neighborhood, and social participation.
Results: A more homogeneous age composition (not specified for age) and a higher percentage of children living
in a neighborhood were associated with better mental health, the other age categories were not. Social cohesion,
feeling at home and social participation did not mediate the associations.
Conclusions: The neighborhood age composition may be an interesting but currently insufficiently understood
entry point for policies to improve older adult’s mental health status.
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Background
An increasing number of older adults can be expected to
live longer independently at home and become more reliant on their social environment. Accordingly, the
neighborhood might be increasingly important for older
adults’ health and well-being. A crucially relevant policy
question is how to shape neighborhoods to foster
healthy aging and a relevant debate [1] is whether older
adults should group in neighborhoods, or whether a
more mixed neighborhood age composition is more
beneficial [2]. The neighborhood age composition may
affect how people feel about their neighborhood [3], and
influence community life, including opportunities for social engagement, social cohesion, loneliness, and social
participation. In turn, these individual perceptions of
neighborhood social factors may be associated with older
adult’s mental health status [3].
Previous studies on the association between the neighborhood age structure and health only assessed the percentage of older adults in a neighborhood and provided
mixed results [4, 5]. Some studies found a high percentage
of older adults in a neighborhood to be associated with
better health outcomes [6, 7], potentially because older
adults living in neighborhoods with a high proportion of
older adults have more active social ties and social engagement [8]. Others did not observe an association [9, 10], or
observed an association with worse health outcomes [4,
11], which may be explained by lower social support from
neighbors. A previous study of Cagney et al. (2006) suggests that not only the proportion of older adults but also
the neighborhood age composition may be relevant for
health [12]. It is thought that a mixed neighborhood age
composition, where younger and older age groups live together, may promote healthy aging through individual
perceptions of neighborhood social factors such as providing social participation [13–15], and a higher perceived social cohesion [16–18].
So far, the association between the neighborhood age
composition and mental health remains unclear. Most
previous studies on the neighborhood age composition
and health used only cross-sectional data, which limits
the interpretation of the results. Moreover, little attention has been paid to underlying pathways in the association between the neighborhood age composition and
health. In this study, we aim to assess the association between the neighborhood age composition and mental
health of older adults in the Netherlands and to explore
important mediating pathways through social (neighborhood) factors.
Methods
Study population

A longitudinal sample of respondents participating in
the 2011 and 2014 waves of the Dutch population-based
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cohort study GLOBE (a Dutch acronym for ‘Health and
Living Conditions of the Population of Eindhoven and
surroundings’) was used. The sampling and design of the
GLOBE study are described elsewhere [19]. Briefly, the
GLOBE study was initiated in 1991 and invited residents
from Eindhoven (The Netherlands) and surrounding cities, aged between 15 and 75 years old. Participants were
asked to fill out a survey, and were asked for follow-up
in 1997, 2004, 2011 and 2014. In addition to this study
sample, a new sample was included for the representativeness of the study sample in 2004 and 2014. In our
study, we included all individuals who were included in
1991 or in 2004 with data available in 2011 and 2014. In
2011, respondents residing in Eindhoven and surrounding cities, aged 25 years and over were invited to fill out
a survey. In 2011, a total of 3862 persons responded to
the survey (response 67.1%). In 2014 all participants
were invited again for a follow-up from which 2724 participants responded. The current study is restricted to
1380 respondents that were aged 65 years and over in
2011. For the current study, we excluded respondents
with less than three items available on a total of five
items to calculate the mental health status in 2014 (N =
75) or no valid locational information necessary to link
the neighborhood information in 2011 (N = 49). Under
the Dutch law for medical-scientific research (WMO),
ethical approval of this type of non-invasive survey research is not required. The participants were not asked
to actively sign an informed consent form but the background and objectives of the study were communicated
on the first page of the questionnaire and in the accompanying invitation letter. The completion of the questionnaire was voluntary. The use of personal data in the
GLOBE study complies with the Dutch Personal Data
Protection Act and the Municipal Database Act and has
been registered with the Dutch Data Protection Authority (number 1248943).
Mental health

Mental health was assessed through the GLOBE survey
in 2014, by the 5-item mental health inventory (MHI-5),
a validated measure used for the identification of persons with depressive symptoms [20]. The MHI-5 consists of the following five questions: over the last 4
weeks, how often: (I) ‘Have you felt so down in the
dumps that nothing could cheer you up?’, (II) ‘Have you
felt downhearted and blue?’, (III) ‘Have you been a
happy person?’, (IV) ‘Have you been a very nervous person?’ and (V) ‘Have you felt calm and peaceful?’. Each
item has six possible responses ranging from ‘all the
time’ (1 point) to ‘none of the time’ (6 points). The
scores on the answers of the third and fifth questions
have been reversed to ensure that a higher item value indicates better mental health. A total mental health score
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was calculated when at least three out of five questions
were answered, by taking the mean of the five items and
transforming it to a 0 to 100 points scale to improve interpretation (a higher score indicating better mental
health) [21].
Neighborhood age composition

Data on the distribution of age categories in neighborhoods in the Netherlands were obtained from Statistics
Netherlands, which was available on the 1st of January
in 2011 [22]. In the Netherlands municipalities are divided into neighborhoods (in Dutch: ‘buurten’) and districts (in Dutch: ‘wijken’). Neighborhoods form the
lowest aggregation level and are defined from a building
point of view or socio-economic structure whereas districts are a sum of consecutive neighborhoods. Assessing
social pathways, such as social cohesion, feeling at home
and social participation in a neighborhood, we considered the lowest neighborhood level as the most relevant
aggregation level to answer our research question. This
aggregation level seems to fit best with the relevant activity space around the homes of older adults. We linked
the data on age categories with individual level data
from the GLOBE study on ‘neighborhood-codes’ (in
Dutch: ‘buurtcodes’). On average, a neighborhood includes approximately 1800–2000 inhabitants. The number of inhabitants of neighborhoods in our study
population varied between 80 to 9500 in 2011 [22].
For each neighborhood, the percentage of people in
the age categories 0 to 15 years old, 15 to 25 years old,
25 to 45 years old, 45 to 65 years old, and 65 years and
older were available. To describe the neighborhood age
composition for each respondent, we constructed the
Herfindahl-Hirschman Index (HHI); a concentration
index indicating the homogeneity of the age composition
in a neighborhood. The HHI is a measure of market
concentration in economics [23], but can also be used to
determine other concentrations such as age concentration. To calculate the HHI, we used the formula below
(1) where Si is the proportion of the specific neighborhood age group i in the total population from the neighborhood and N the number of age categories (N = 5). To
improve interpretation, we multiplied the total by 100
[24].

HHI ¼ 1−

XN
i−1

Si2 100

ð1Þ

The theoretical range from the index runs from 0 to
100, with 0 (minimal homogeneity) representing a neighborhood where everyone has a different age category
and 100 (maximal homogeneity) representing a neighborhood where everyone is in the same age category
[25]. A disadvantage of the HHI is that no distinction

can be made in the composition of age groups (e.g. assuming a high HHI, no distinction can be made between
a high percentage of older adults or a high percentage of
for example young adults). We therefore also assessed
the percentages of specific age groups in a neighborhood
to unravel the association between the neighborhood
age composition and mental health.
Neighborhood- and individual-level confounders

All individual-level confounders were assessed through
the GLOBE survey in 2011. Sex (male and female) and
age (in years) were included. Marital status was defined
as: married (or partnership), never married; divorced;
widowed. Education, defined as the highest attained educational level of the respondent, was classified according
to the International Standard Classification of Education
(ISCED): high (ISCED 5–7); middle (ISCED 3–4); and
low (ISCED 0–2). Household income (not equivalized)
was classified as: high (2600 euro per month and higher),
moderate (1800–2600 euro per month), intermediate
(1200–1800 euro per month), or low (0–1200 euro per
month). Neighborhood socioeconomic status was
assessed in 2011 by the neighborhood income level, defined as the average disposable personal income per year
(*1000 Euro) [22].
Potential mediators

All potential mediators were assessed through the
GLOBE survey in 2011. Four social (neighborhood) perception items were considered, including 1) most people
in this neighborhood get on with each other pleasantly,
2) most people in this neighborhood are willing to help
each other, 3) I move out of this neighborhood if I get
the chance, and 4) I often feel alone in this neighborhood [26, 27]. The items were measured on a 5-point
Likert scale response option: from strongly disagree to
strongly agree. A principal component analysis with
Varimax rotation distinguished two factors (Supplementary File 1, Table S1). The first factor was labeled as
(perceived) social cohesion and the second factor was labeled as perceived ‘feeling at home ‘in a neighborhood.
For both factors, a standardized factor score (mean of 0
and a standard deviation of 1) was constructed using factor loadings. Additionally, social participation was
assessed by a question of whether the person was involved in any cultural or social organization and was dichotomized in ‘yes, being involved in any organization’
and ‘no, not being involved in any organization’.
Analytical approach

Characteristics of the study population were described
by means and standard deviations (SD) and frequencies
and percentages. Multivariable linear regression models
were used to assess the relationship between
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neighborhood age composition and mental health
(Fig. 1A). As neighborhood-level variance in mental
health status was low, ordinary least squares regression
models were used. The association between the exposure
and mediators was assessed by linear regression models
for (perceived) social cohesion and perceived feeling at
home or logistic regression models for social participation (Fig. 1B). In addition, we also assessed the association between mediators and the outcome by linear
regression models. We performed causal mediation analysis [28, 29] to examine to what extent the association
between the neighborhood age composition and mental
health was mediated by individual perceptions of neighborhood social factors (Fig. 1C). We conducted the analyses for each individual perceptions of neighborhood
social factors separately (perceived social cohesion, perceived feeling at home, or social participation). One of
the main advantages of this mediation method is that it
is able to decompose a total effect into direct and indirect effects, even in models with exposure-mediator interactions [29]. The counterfactual definitions of the
natural direct and indirect effects factor in this interaction effect represent a population summary of the
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effects at different levels of the mediator [30]. As the exposure and mediator might interact in their effect on the
outcome, we included interaction terms (exposure*mediator) in our models.
All models were adjusted for sex, age, marital status,
education, household income, and neighborhood income. We adjusted the models for household income to
cover any influence of income on the choice of neighborhood. Therefore household income was not equivalized. In addition, we adjusted our models for
neighborhood income to address the level of deprivation
of a neighborhood (socio-economic status of a neighborhood). However, since neighborhood income may also
be a mediator, instead of a confounder, in the association between the neighborhood age composition and
mental health, we also conducted a sensitivity analysis
excluding neighborhood income as a confounder [31].
Results were displayed as (unstandardized) beta’s (B) and
95% confidence intervals (95% CI). To impute missing
values on the confounders and mediators (2.9% missing
values on 7 variables), a multiple imputation procedure
was used (n = 20 imputation sets). Pooled results from
the 20 imputed datasets were used for analyses [32],

Fig. 1 Conceptual model of the association between neighborhood age composition and mental health of older adults. A The total effect of the
neighborhood age composition on mental health. B The association between the neighborhood age composition and social (neighborhood)
factors. C The direct and indirect effect of the neighborhood age composition on mental health
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whereas non-imputed data were used to describe characteristics of the study population. Statistical analyses were
executed using Stata Version 13.

Results
Characteristics of the study population

Among 1255 respondents, 51% was female and the mean
age was 73 (SD 6) years (Table 1). The mean mental
health score was 73 (SD 15) points. Of all respondents,
70% was married or in a relationship, and 19% was
widowed. The majority of the population (53%) was low
educated. A total of 74% of the older adults participated
in a cultural or social organization. The mean neighborhood age composition score was 77 on a scale from 0 to
100 where a higher score indicates more homogeneity.
The mean percentage of the number of children, adolescents, young adults, middle-aged adults, and older adults
in all neighborhoods was respectively: 16, 12, 26, 27, and
20%. The average neighborhood income was 30,000 (SD
7000) Euro per year.
Neighborhood age composition and mental health

A neighborhood with a more homogeneous age composition (dominant age category is unspecified) was associated with better mental health (B 0.40, 95% CI 0.05;
0.74) (Table 2). Also, participants residing in a neighborhood with a higher percentage of 0–14-year-old children
reported a better mental health status (B 0.30, 95% CI
0.08; 0.51). Residing with a higher percentage of adolescents, young adults, middle-aged adults, or older adults
in a neighborhood was not significantly associated with
mental health. The homogeneity of the neighborhood
age composition and the percentage children living in a
neighborhood were not associated with individual perceptions of neighborhood social factors (Table 3). Residents living in neighborhoods with a higher percentage
of adolescents (OR 0.95, 95% CI 0.90; 0.99) and young
adults (OR 0.98, 95% CI 0.96; 1.00) reported somewhat
less social participation. Also, residents living in neighborhoods with a higher percentage of young adults felt
slightly less at home in their neighborhood (B -0.01, 95%
CI -0.02; − 0.00), whereas residents living in neighborhoods with a higher percentage of older adults felt
slightly more at home in their neighborhood (B 0.01,
95% CI 0.00;0.01). Furthermore, a higher percentage of
middle-aged residents in a neighborhood was associated
with slightly more perceived social cohesion (B 0.02,
95% CI 0.00; 0.03).
Mediators and mental health

A higher social cohesion in the neighborhood and feeling at home in a neighborhood were significantly associated with better mental health among older adults. More
social participation was not associated with the mental
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health status of older adults (Supplementary File 1,
Table S2).
Based on Tables 2 and 3, no mediation was expected.
The mediation analysis showed no mediation, except for
the association between the percentage of young adults
and mental health of older adults, this association was
mediated by the feeling at home in a neighborhood. Results from the mediation analysis can be found in Supplementary File 1, Table S3.
Sensitivity analyses excluding neighborhood income as
confounder from the analyses slightly altered the point
estimates and confidence intervals but did not change
the direction or significance of the associations (Supplementary File 1, Table S4).

Discussion
In this study, a more homogeneous neighborhood age
composition and a higher percentage children aged between 0 and 14 years old in a neighborhood were associated with better mental health 3 years later. Living in a
neighborhood with a high percentage of adolescents,
young adults, middle-aged adults, or older adults was
not associated with the mental health of older adults. Although some small associations were observed, between
the neighborhood age composition factors and individual
perceptions of neighborhood social factors, these associations were so small that they were deemed irrelevant.
Furthermore, our study showed that a better perceived
social cohesion and the perceived feeling at home in the
neighborhood were associated with a better mental
health status among older adults. A higher social participation, involved in any cultural or social organizations,
was not associated with the mental health status of older
adults. Moreover, we found some mediation effects although no direct effect was observed. Therefore, these
results should be interpreted with caution.
Our study is the first study that assessed the influence
of other age groups, such as the percentage of young
children in a neighborhood, on older adults’ mental
health status. Although the results have to be interpreted
with caution, our finding that more children in the
neighborhood can benefit older adults’ mental health
may justify further research into the topic. Better integration of generations is seen as a way to counter ageism
in society [1]. Intergenerational opportunities may enrich
the experience for all ages; older people pass on traditional practices and knowledge and experiences, while
younger people offer information about newer practices
and help older people navigate in a rapidly changing society [1]. Although we assessed social (neighborhood)
pathways, we did not observe that these pathways mediated this association. To unravel possible pathways, a
qualitative study is suggested where older adults in different neighborhoods can be interviewed to assess the
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Table 1 Characteristics of the study population
Characteristics

Total (N = 1255)

Individual-level
MHI score, mean (SD)a

73 (15)

Sex, female

51.3%

Missing

1.4%

Age in years, mean (SD)
Missing

73 (6)
0.0%

Marital status
Married or partnership

70.0%

Never been married

3.6%

Divorced

6.4%

Widowed

19.4%

Missing

0.7%

Education
Low

53.4%

Middle

15.7%

High

24.1%

Missing

6.8%

Household income (monthly)
≥ €2600

25.7%

€1800–2600

29.6%

€1200–1800

21.8%

< €1200

9.3%

Missing

13.5%

Social participation
Yes

74.1%

No

25.9%

Missing

0.0%

Neighborhood-level
Number of neighborhoods

215

Number of respondents in the neighborhood

1–53

b

HHI score, mean (SD)

77 (2)

Percentage of children (0–14 years), mean (SD)

16 (4)

Percentage of adolescents (15–24 year), mean (SD)

12 (3)

Percentage of young adults (25–44 year), mean (SD)

26 (7)

Percentage of middle-aged adults (45–65 year), mean (SD)

27 (5)

Percentage of older adults in the neighborhood (65+ year), mean (SD)

20 (9)

Missing
Neighborhood income level, mean (SD) * 1000 Euro (yearly)
Missing

0.0%
30 (7)
0.2%

MHI mental health 5-inventory, SD standard deviation, HHI Herfindahl-Hirschman Index. a The MHI is assessed by the 5-item mental health inventory (MHI-5),
range from 0 to 100 (a higher score indicating better mental health) b The HHI is defined as homogeneity of the neighborhood age structure (score from 0 to 100,
where a higher score indicates more homogeneity in neighborhood age structure). The percentages of specific age groups in a neighborhood can be interpreted
as the mean percentage of all 215 neighborhoods. The neighborhood income level was defined as the average disposable personal income (*1000 Euro). The
neighborhood income level can be interpreted as the mean neighborhood income level from all 215 neighborhoods. Individual perceptions of social
neighborhood factors (‘social cohesion’ and ‘feeling at home’) were not included in this table because they were standardized factor scores (mean of 0, standard
deviation of 1). The mean and standard deviations for the individual items that were used to construct the factor scores can be found in Supplementary File 1,
Table S1
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Table 2 Linear regression analysis of the neighborhood age composition with mental health in older adults (N = 1255)
Mental healtha
Characteristics

B

95% CI

HHI scoreb, homogeneity neighborhood age structure

0.40

0.05; 0.74*

Percentage children (0–14 years), mean (SD)

0.30

0.08; 0.51*

Percentage adolescents (15–24 year), mean (SD)

0.16

− 0.13; 0.45

Percentage young adults (25–44 year), mean (SD)

− 0.07

− 0.21; 0.06

Percentage middle-aged adults (45–65 year), mean (SD)

0.16

− 0.02; 0.35

Percentage older adults in neighborhood (65+ year), mean (SD)

−0.09

− 0.18; 0.01

CI confidence interval, HHI Herfindahl-Hirschman Index. a The MHI is assessed by the 5-item mental health inventory (MHI-5), range from 0 to 100 (a higher score
indicating better mental health) b The HHI is defined as homogeneity of the neighborhood age structure (score from 0 to 100, where a higher score indicates
more homogeneity in neighborhood age structure). All models were adjusted for sex, age, marital status, highest attained education, household income, and
neighborhood income. * significant at a level of < 0.05

importance of the neighborhood age structure on their
mental health status.
Our study adds to the knowledge on the association
between the neighborhood age composition and mental
health, as to the best of our knowledge only one crosssectional study is known on the neighborhood age structure and mental health. The previous study showed an
association of a higher percentage of older adults in a
neighborhood with better mental health among older
adults [6]. Our study did not confirm this research finding which may be explained by our relatively high mean
(20%) and a wide range from 4 to 79% of older adults
living in a neighborhood. Whereas the study of Kubzansky [6] had a mean of 13% and a small range of older
adults living in a neighborhood from 2 to 23%. It might
be that the percentage of older adults does not matter
when all neighborhoods have at least a certain percentage of older adults. This might explain why we did not
find an association in our study.
Using causal mediation analyses, we did not find evidence for a mediating role of social (neighborhood) factors, including perceived social cohesion, perceived
feeling at home, and social participation. Other possible
pathways might explain the observed association between the neighborhood age composition and mental

health, including participation in social activities that
were not in our study (clubs/associations, babysitting,
sports, events, etc.), social support, vandalism, or graffiti
in a neighborhood. We suggest further research into
more diverse neighborhoods in terms of age composition to determine whether and what the most optimal
neighborhood age composition is in a neighborhood for
healthy aging, accompanied by research into a broader
range of potential mediating factors to clarify the possible pathways in the association between the neighborhood age composition and mental health.
Study limitations and -strengths

To date, studies on the neighborhood age structure focused only on the percentage of older adults in a neighborhood, rather than considering the overall age
composition of a neighborhood. Our study builds on
previous work, by using both the Herfindahl-Hirschman
Index to measure age composition and percentages of
different age groups, including children. Also, we explored potential underlying pathways in the association
between the neighborhood age composition and mental
health by assessing the role of individual perceptions of
neighborhood social factors by causal mediation analyses. Nevertheless, our results should be interpreted in

Table 3 Association between neighborhood age composition and individual perceptions of neighborhood social factors in older
adults (N = 1255)
Social cohesiona

Feeling at homeb

Social participationc

Characteristics

B

95% CI

B

95% CI

OR

95% CI

HHI scored, homogeneity neighborhood age structure

−0.02

− 0.04; 0.01

0.01

− 0.01; 0.04

0.97

0.92; 1.03

Percentage children (0–14 years), mean (SD)

−0.00

− 0.02; 0.01

−0.01

− 0.03; 0.01

0.99

0.95; 1.02

Percentage adolescents (15–24 year), mean (SD)

−0.02

− 0.04; 0.01

−0.01

− 0.03; 0.02

0.95

0.90; 0.99*

Percentage young adults (25–44 year), mean (SD)

−0.00

− 0.01; 0.01

−0.01

− 0.02; − 0.00*

0.98

0.96; 1.00*

Percentage middle-aged adults (45–65 year), mean (SD)

0.02

0.00; 0.03*

0.00

−0.01; 0.02

1.00

0.97; 1.04

Percentage older adults in neighborhood (65+ year), mean (SD)

0.00

−0.01; 0.01

0.01

0.00; 0.01*

1.02

1.00; 1.04

CI confidence interval, HHI Herfindahl-Hirschman Index. a,b Social cohesion and feeling at home represented the factor scores and linear regession analyses were
carried out. c Reference for social participation is not participating in any organization. A logistic regression analysis was carried out. d The HHI is defined as
homogeneity of the neighborhood age structure (score from 0 to 100, where a higher score indicates more homogeneity in neighborhood age structure). All
models were adjusted for sex, age, marital status, highest attained education, household income, and neighborhood income. * significant at a level of < 0.05
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light of several limitations. First, there could be selection
bias in our study as persons with a low mental health
status might have been less likely to participate. This resulted in an overestimation of the mental health status
of our study participants, and in turn a potential underestimation of the studied associations. Second, our study
assessed neighborhood characteristics at the lowest aggregation level as we considered this as most relevant to
answer our research question related to social factors at
neighborhood level. This aggregation level seems to fit
best with the relevant activity space of older adults.
Other aggregation levels (e.g. looking at larger districts
or areas or even at the city level) might be relevant as
well and may provide alternate conclusions. However, a
comparison on aggregation levels was beyond the scope
of our study. Third, although we expected neighborhood
variation in our mental health outcome due to neighborhood deprivation, neighborhood variation was limited in
our sample which may indicate a lack of neighborhood
influence on the mental health status of older adults.
However, since some neighborhood factors may be positively and others may be negatively associated with mental health of older adults, neighborhood influences
cannot be ruled out. Our results require follow-up research, especially since the age composition of a neighborhood is considered in the World Health
Organization age-friendly cities policy document [1].
Fourth, although the neighborhood age composition and
the mediators were measured 3 years before mental
health, we cannot rule out reverse causality where previous mental health status has affected the choice of
neighbourhood or, more likely, the perceived social
(neighborhood) factors. However, we chose not to adjust
for mental health status in 2011 because that may result
in an overadjustment. As many older adults have already
lived in their neighborhood for a long time, and if we expect that neighborhood factors affect their mental health
status, adjusting for mental health in 2011 would overcontrol for the potential influence of the neighborhood
factors on mental health. This would in turn underestimate the association between the neighborhood age
structure and mental health of older adults. We recommend additional longitudinal research to assess causal
associations, looking into changes both in the neighborhood age composition and mental health. Moreover, in
this epidemiological study we did not directly assess
whether different age groups interacted with each other,
to obtain more insight in possible pathways qualitative
research can unravel mechanisms more in depth. Fifth,
the neighborhood characteristics were measured on the
individual level, they were perceptions of individuals on
factors related to their neighborhood. For further research we suggest to assess whether factors at the
neighborhood-level show an association with the mental
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health status of older adults. Sixth, although the HHI
goes beyond simple percentages, it is still limited since it
cannot distinguish between a high percentage of older
adults or a high percentage of other age groups in the
neighborhood. However, by assessing both the HHI and
percentages of different age groups, our study contributes to a better understanding of how the neighborhood
age composition is related to mental health.

Conclusions
Our study is the first study that assessed the association
of the neighborhood age structure as the presence of different neighborhood age groups (including children, adolescents, young adults, middle-aged adults, and older
adults) on older adults’ mental health status. Moreover,
the current study adds to the wider body of literature by
assessing possible pathways of individual perceptions of
social neighborhood factors in the association between
the neighborhood age structure and mental health status
among older adults. A more homogeneous neighborhood age structure and more children living in a neighborhood were associated with better mental health
status. Although individual perceptions of neighborhood
social factors did not explain these associations, our
study indicates that the neighborhood age composition
is a potentially interesting but still insufficiently understood entry point for policies addressing the challenge of
growing urban and aging European cities. Further longitudinal research on the neighborhood age composition
and mental health are needed, including research
on other possible underlying mechanisms.
Abbreviations
GLOBE: Dutch acronym for ‘Health and Living Conditions of the Population
of Eindhoven and surroundings’; MHI-5: Five-item mental health inventory;
HHI: Herfindahl-Hirschman Index; ISCED: International Standard Classification
of Education; SD: Standard deviations; 95% CI: 95% confidence intervals

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-021-11453-w.
Additional file 1: Table S1. Rotated factor loadings of individual
perceptions of neighborhood social factors (N = 1092). Table S2. Linear
regression analysis of the individual perceptions of social neighborhood
factors with mental health in older adults (N = 1255). Table S3.
Mediation analysis between the neighborhood age composition and
mental health in older adults of individual perceptions of neighborhood
social factors (N = 1255). Table S4. Sensitivity analysis: Mediation analysis
between the neighborhood age composition and mental health in older
adults of individual perceptions of neighborhood social factors without
neighborhood income as a confounder (N = 1255).

Acknowledgments
Similar (preliminary) work was presented as a poster at the 12th European
Public Health Conference 2019 Nov 21-23 Marseille, France. https://doi.org/
10.1093/eurpub/ckz186.582.

Verspoor et al. BMC Public Health

(2021) 21:1390

Authors’ contributions
EV, MAB, JOG, FJvL designed the original study. EV and JOG conducted the
analysis. All authors contributed to writing and reviewing and approve the
final manuscript.
Funding
This work was supported by a grant from the European Union Horizon 2020
Programme under grant agreement n°667661 (Promoting mental wellbeing
in the aging population – MINDMAP). MABs work was funded by a
Netherlands Organization for Scientific Research (NWO) VENI grant on
“DenCityHealth: How to keep growing urban populations healthy?” (grant
number 09150161810158). The study does not necessarily reflect the funder’s
views and in no way anticipates the funder’s future policy in this area.

Page 9 of 10

9.

10.

11.

12.
13.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

14.

Declarations
Ethics approval and consent to participate
Under the Dutch law for medical-scientific research (WMO), ethical approval
of this type of non-invasive survey research is not required. Data access was
obtained by approval of the project leader of the GLOBE study (f.
vanlenthe@erasmusmc.nl).
Consent for publication
Not applicable.

15.

16.

17.

Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Public Health, Erasmus University Medical Center, Rotterdam,
The Netherlands. 2Department of Geriatric Medicine, Radboud University
Medical Center, Nijmegen, the Netherlands. 3Department of Public
Administration and Sociology, Erasmus University, Rotterdam, the
Netherlands. 4Department of Human Geography and Spatial Planning,
Utrecht University, Utrecht, the Netherlands.

18.

19.

20.
Received: 30 October 2020 Accepted: 5 July 2021

References
1. World Health Organization. Global age-friendly cities: A guide. France: World
Health Organization; 2007.
2. Verspoor E, Beenackers MA, Oude Groeniger J, Noordzij JM, van Lenthe FJ.
The neighborhood age structure and mental health. Eur J Public Health.
2019;29(Supplement_4):ckz186.582. Poster presented at 12th European
Public Health Conference 2019 Nov 21-23 Marseille, France.
3. Toma A, Hamer M, Shankar A. Associations between neighborhood
perceptions and mental well-being among older adults. Health Place. 2015;
34:46–53. https://doi.org/10.1016/j.healthplace.2015.03.014.
4. Vogelsang EM, Raymo JM. Local-area age structure and population
composition: implications for elderly health in Japan. J Aging Health. 2014;
26(2):155–77. https://doi.org/10.1177/0898264313504456.
5. Yen IH, Michael YL, Perdue L. Neighborhood environment in studies of
health of older adults: a systematic review. Am J Prev Med. 2009;37(5):455–
63. https://doi.org/10.1016/j.amepre.2009.06.022.
6. Kubzansky LD, Subramanian SV, Kawachi I, Fay ME, Soobader MJ, Berkman
LF. Neighborhood contextual influences on depressive symptoms in the
elderly. Am J Epidemiol. 2005;162(3):253–60. https://doi.org/10.1093/aje/kwi1
85.
7. Subramanian SV, Kubzansky L, Berkman L, Fay M, Kawachi I. Neighborhood
effects on the self-rated health of elders: uncovering the relative
importance of structural and service-related neighborhood environments. J
Gerontol B. 2006;61(3):S153–S60. https://doi.org/10.1093/geronb/61.3.S153.
8. Friedman EM, Shih RA, Slaughter ME, et al. Neighborhood age structure and
cognitive function in a nationally-representative sample of older adults in
the U.S. Soc Sci Med. 2017;174:149–58.

21.
22.

23.

24.

25.

26.

27.
28.
29.

Wight RG, Cummings JR, Karlamangla AS, et al. Urban neighborhood
context and change in depressive symptoms in late life. J Gerontol B
Psychol Sci Soc Sci. 2009;64(2):247–51.
Hybels CF, Blazer DG, Pieper CF, Burchett BM, Hays JC, Fillenbaum GG, et al.
Sociodemographic characteristics of the neighborhood and depressive
symptoms in older adults: using multilevel modeling in geriatric psychiatry.
Am J Geriatr Psychiatr. 2006;14(6):498–506. https://doi.org/10.1097/01.JGP.
0000194649.49784.29.
Vogelsang EM, Raymo JM, Liang J, Kobayashi E, Fukaya T. Population aging
and health trajectories at older ages. J Gerontol B Psychol Sci Soc Sci. 2019;
74(7):1245–55. https://doi.org/10.1093/geronb/gbx071.
Cagney KA. Neighborhood age structure and its implications for health. J
Urban Health. 2006;83(5):827–34. https://doi.org/10.1007/s11524-006-9092-z.
Glei DA, Landau DA, Goldman N, Chuang Y-L, Rodríguez G, Weinstein M.
Participating in social activities helps preserve cognitive function: an analysis
of a longitudinal, population-based study of the elderly. Int J Epidemiol.
2005;34(4):864–71. https://doi.org/10.1093/ije/dyi049.
Chiao C, Weng L-J, Botticello AL. Social participation reduces depressive
symptoms among older adults: an 18-year longitudinal analysis in Taiwan.
BMC Public Health. 2011;11(1):292. https://doi.org/10.1186/1471-2458-11-2
92.
Croezen S, Avendano M, Burdorf A, van Lenthe FJ. Social participation and
depression in old age: a fixed-effects analysis in 10 European countries. Am
J Epidemiol. 2015;182(2):168–76. https://doi.org/10.1093/aje/kwv015.
Elliott J, Gale CR, Parsons S, Kuh D, HALCyon Study Team. Neighbourhood
cohesion and mental wellbeing among older adults: a mixed methods
approach. Soc Sci Med. 2014;107:44–51. https://doi.org/10.1016/j.
socscimed.2014.02.027.
Bertossi Urzua C, Ruiz MA, Pajak A, Kozela M, Kubinova R, Malyutina S, et al.
The prospective relationship between social cohesion and depressive
symptoms among older adults from central and Eastern Europe. J
Epidemiol Community Health. 2019;73(2):117–22. https://doi.org/10.1136/
jech-2018-211063.
Miao J, Wu X, Sun X. Neighborhood, social cohesion, and the Elderly's
depression in Shanghai. Soc Sci Med. 2019;229:134-43. https://doi.org/10.101
6/j.socscimed.2018.08.022.
van Lenthe FJ, Kamphuis CB, Beenackers MA, Jansen T, Looman CW,
Nusselder WJ, et al. Cohort profile: understanding socioeconomic
inequalities in health and health behaviours: the GLOBE study. Int J
Epidemiol. 2014;43(3):721–30. https://doi.org/10.1093/ije/dyt040.
Yamazaki S, Fukuhara S, Green J. Usefulness of five-item and three-item
mental health inventories to screen for depressive symptoms in the general
population of Japan. Health Qual Life Outcomes. 2005;3(1):48. https://doi.
org/10.1186/1477-7525-3-48.
Ware J, Snoww K, Ma K, et al. SF36 health survey: manual and interpretation
guide 1993.
Kerncijfers wijken en buurten 2011. Statistics Netherlands, 2011. Available
from: https://www.cbs.nl/nl-nl/maatwerk/2011/48/kerncijfers-wijken-enbuurten-2011. Accessed 2 Sept 2019.
Song Y, Merlin L, Rodriguez D. Comparing measures of urban land use mix.
Comput Environ Urban Syst. 2013;42:1–13. https://doi.org/10.1016/j.
compenvurbsys.2013.08.001.
Jennissen RR, Bokhorst M, Bovens M. De nieuwe verscheidenheid:
toenemende diversiteit naar herkomst in Nederland. Den Haag: WRR;
2018.
Sturgis P, Brunton-Smith I, Kuha J, Jackson J. Ethnic diversity,
segregation, and the social cohesion of neighborhoods in London.
Ethn Racial Stud. 2014;37(8):1286–309. https://doi.org/10.1080/0141
9870.2013.831932.
Beenackers MA, Kamphuis CB, Mackenbach JP, Burdorf A, van Lenthe FJ.
Why some walk and others don't: exploring interactions of perceived safety
and social neighborhood factors with psychosocial cognitions. Health Educ
Res. 2013;28:220-233.
Kawachi I, et al. Social cohesion, social capital, and health. In: Berkman LF,
editor. Social Epidemiology. New York: Oxford University Press; 2000.
Van Der Weele TJ. Mediation analysis: a Practitioner's guide. Annu Rev
Public Health. 2016;37:17–32.
Valeri L, Vanderweele TJ. Mediation analysis allowing for exposure-mediator
interactions and causal interpretation: theoretical assumptions and
implementation with SAS and SPSS macros. Psychol Methods. 2013;18(2):
137–50. https://doi.org/10.1037/a0031034.

Verspoor et al. BMC Public Health

(2021) 21:1390

30. Richiardi L, Bellocco R, Zugna D. Mediation analysis in epidemiology:
methods, interpretation and bias. Int J Epidemiol. 2013;42(5):1511–9. https://
doi.org/10.1093/ije/dyt127.
31. Chaix B, Leal C, Evans D. Opinion: neighborhood-level confounding in
epidemiologic studies: unavoidable challenges, uncertain solutions.
Epidemiology. 2010;21(1):124–7. https://doi.org/10.1097/EDE.0b013e3181c04
e70.
32. Van Buuren S. Flexible Imputation of missing data. Boca Raton: Hall/CRC C;
2018.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

