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The impact of neighborhood mental health ===

on the mental health of older adults
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Abstract

Background In this article, we use cross-sectional data obtained from the 2018 China Health and Aging Tracking
Survey (CHARLS) to examine the impact of neighborhood mental health at the community level on the mental health
of older adults aged 60 years and older.

Methods NMH is the average mental health of older adults in the same community, excluding the older adults
themselves. The explained variable mental health in this paper was measured using the simple CES-D depression
scale. The mediating variables were social connectedness, social participation and social inclusion, and the instrumen-
tal variables were physical exercise and amusement. regression analysis was conducted using OLS regression models,
two-stage least squares (IV-2SLS) instrumental variables to address the two-way causality of NMH and MH, and KHB
decomposition was used to investigate the effect mechanism.

Results Baseline regressions showed that the neighborhood mental health effect positively influenced the mental
health of older adults (Coef.=0.356, 95% Cl 0.315,0.397). The neighborhood mental health effect estimated by IV-
25SLS (Coef.=0.251, 95% Cl 0.096,0.405) was higher than the OLS regression, indicating endogeneity. The mediated
effects of KHB showed total (Coef.=0.356, 95% Cl 0.314,0.398), direct (Coef.=0.281, 95% Cl 0.232,0.330), and indirect
effects (Coef.=0.075, 95% C1 0.049,0.101). While the total effect was 1.266 times higher than the direct effect, 21.03%
of the total effect came from mediating variables.

Conclusions First, the neighborhood mental health effect has a positive impact on the mental health of older adults,
but there are heterogeneous differences based on gender, age, and place of residence. Second, the results of the IV-
2SLS estimation showed that the effect of the neighborhood mental health effect was underestimated if endogenous
problems were not controlled for. Third, the effect of neighborhood mental health on older adults' mental health

was tested to be stable. Moreover, social connectedness, social participation, and social interaction are important
mediating mechanisms for the effect of neighborhood mental health on older adults’mental health. This study pro-
vides new perspectives and ideas for an in-depth understanding of the mental health of older adults in the context
of social transformation in China.
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Introduction

The older population, which was aged 60 or above in the
Chinese Mainland, reached 267 million, accounting for
18.9% of the total population by December 2021, and the
situation of population aging is serious [1]. Moreover,
the average life expectancy in China is 77 years, but the
healthy life expectancy is only 68.7 years, implying that
more than 180 million older adults will have to live with
chronic diseases for more than 8 years [2]. The huge base
of the older population and limited medical and health
facilities have a serious mismatch between supply and
demand. To alleviate health problems caused by an aging
population, the Chinese government issued the 14th
Five-Year Plan for Healthy Aging [3]. This plan is actively
exploring ways to alleviate the shortage of resources for
seniors and promote healthy living for seniors. Accord-
ing to the World Health Organization (WHO), health
is affected by four main factors: genetic endowment
(15%), environment (17%), medical and sanitary condi-
tions (8%), and personal living habits and living behaviors
(60%). Among them, the environment, medical and sani-
tary conditions, personal living habits, and behaviors all
have a certain relationship with the neighborhood envi-
ronment [4]. Especially in China’s "acquaintance society"
which emphasizes "differential pattern,” the neighbor-
hood effect has a more intimate impact on people’s
health. WHO (2002) Active aging: A policy framework
expanded the perspective of attention to the psycho-
logical level of older adults. Nowadays, Chinese people
pay more attention to both mental and physical health.
Friendly neighborhood relations are once again recog-
nized and pursued. There have been relevant studies on
the influence of neighborhood effects on the physical
health of the older adults, but only a few studies exist on
the impact of neighborhood effects on the mental health
of the older adults, particularly significant changes of the
neighborhood relationship in China. Therefore, based on
the background of China’s "acquaintance society”, this
paper presents the influence of neighborhood effect on
the mental health of the older adults in China, which is
of great practical significance to the construction of har-
monious community, and also provides Chinese cases for
the study of neighborhood effect theory.

Literature review

Wilson first proposed a neighborhood effect on the
behavior of the American lower class [5]. He argues
that mainstream society excludes America’s ghet-
tos, and that the degree of neighborhood segregation
is linked to unemployment rates in the lower class.
Neighborhood effects are the effects of many people
with certain characteristics living together on residents’
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employment opportunities, health status, life attitudes,
behaviors, and education levels of the next generation
[6]. The social effects of this gathering of specific groups
have also been widely studied, with particular atten-
tion paid to the effects of neighborhoods on the health
status of residents. Meanwhile, scholars have achieved
more results on the health effects of neighborhood
effects [7—12]. In the study of neighborhood effects, the
neighborhood environment is usually divided into the
neighborhood-built environment and the neighborhood
social environment [13]. The built environment mainly
refers to the man-made physical environment [14].
Research shows that area disadvantage has a psycho-
logical impact on people [15]. Community green space,
walkability index and increased street connectivity all
correlate with health [16-18]. And the community-
built environment has been shown to be more associ-
ated with overall cognition, memory and dementia in
older adults [19]. Not only that, but the availability of
recreational facilities affects physical activity, obesity
and diabetes prevalence [20]. Neighborhood social envi-
ronment mainly refers to socio-cultural features [13].
Studies have shown that poverty, low income, unem-
ployment, and reduced access to public health insurance
not only significantly increase mental health disorders
[21, 22]. And suffering neighborhood deprivation in the
course of life has an impact on one’s health and well-
being [23]. In addition, scholars have found that living
in a positive neighborhood social environment pro-
motes mental health. Residents living in neighborhoods
with higher social cohesion, neighborhood attachment,
and social contact have a higher sense of belonging, less
loneliness, and a lower prevalence of depression, which
is beneficial to people’s mental health [24].

Scholars have conducted more comprehensive and in-
depth studies on the mental health of older adults, such as
the impact of personal circumstances (gender, age, mar-
riage, exercise, ADL or IADL) on mental health. Older
adults without a partner (single, unmarried, divorced or
widowed) have been shown to be more likely to suffer
from depression than those with a partner because they
feel more secure with their partner, which improves their
health [7, 25], or any ADL or IADL limitations were sig-
nificantly associated with depression and decreased life
satisfaction [26]. In addition to personal characteristics,
more research results have been obtained on the influ-
ence of socioeconomic factors (e.g., health care, lifestyle,
income level, education level, and living environment) on
mental health. For example, higher socioeconomic status
has a significant effect on the health of older adults [27].
Conversely, lower socioeconomic status can have a nega-
tive impact on health as it leads to more negative emo-
tions or potential stress in life [28].
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This study explores the effect of neighborhood men-
tal health on the mental health of the older adults in
the context of China’s traditional acquaintance society,
which is gradually transforming into a stranger society. It
analyzes the internal mechanism of the effect of neigh-
borhood mental health, which provides an important
theoretical reference for addressing the mental health
problems of the older adults. This study provides new
perspectives and ideas for a deeper understanding of the
mental health problems of the older adults in the context
of China’s social transformation.

Materials and methods

Study sample

The data studied in this paper is based on a long-term
follow-up survey project organized by Peking University:
China Health and Retirement Longitudinal Study. This
project is a multidisciplinary and interdisciplinary com-
prehensive survey, which started in 2011 and has been
carried out for four periods. CHARLS 2018 is the latest
data available. The project involved 11,797 households
and 20,284 residents in 150 counties in 28 provinces
across China. The survey content covers the basic demo-
graphic characteristics, health conditions and functions,
medical insurance, work and retirement, family situation,
and other information, including rich information about
individual and community characteristics. The relation-
ship between the neighborhood effect and the health of
the older adults can be explored by analyzing the data
of individuals and the community. In terms of data pro-
cessing, first, delete the samples under 60 years old in the
CHARLS 2018 survey to ensure that the research objects
are elderly individuals aged 60 years and above. Second,
eliminate the samples of missing key information and
abnormal values, and finally, retain 7713 mixed cross-
section samples of elderly individuals in 126 prefecture-
level cities for empirical analysis.

Variables

Explained variable

Mental health. The explanatory variable in this paper is
the mental health of the older adults, and the CHARLS
2018 Family Questionnaire is a simple CES-D depres-
sion scale used to measure the mental health of the older
adults. The 10 questions on feelings and behaviors are:
whether they are bothered by small things, whether they
can concentrate, whether they are depressed, whether
they find it hard to do anything, whether they are hope-
ful about the future, whether they are afraid, whether
they sleep well, whether they are happy, whether they are
lonely, and whether they feel they can continue to live.
Respondents could choose to answer these 10 questions
rarely or none of the time, some, occasionally, and most
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or all of the time. In the processing of the data, respond-
ents’ answers are assigned values from 4 to 1, corre-
sponding to a scale from positive to negative. The scores
from the 10 responses are then aggregated and divided by
10. The resulting score reflects the mental health of older
adults and falls within the range [1, 4], where 1 indicates
the worst mental health and 4 indicates the best mental
health.

Main explanatory variable

Neighborhood mental health. The neighborhood scope
studied in this report is mainly at the community level
because the community is the closest activity place for
older adults in their daily lives. If the neighborhood scope
is too expanded, the neighborhood effect is weakened,
making it difficult to observe the effects on the mental
health of the neighborhood. We defined NMH as the
average level of mental health of older adults in the com-
munity /, excluding older adults individuals i, after con-
sidering Mansky’s social interaction effect model and the
practice of Ling et al. [29, 30]. The specific calculation of
NMH is shown in Eq. 1:

NMH; = (MH; — MH;)/(n — 1) (1)

Within the explained variable section, the mental
health of older adult i (MH;) was measured using the
simple CES-D depression scale. Meanwhile, using the
community coding information provided by CHARLS
2018, we can calculate the total number of older adults
(n) living in the same community, as well as the cumula-
tive sum of their mental health (MH;). Then, by apply-
ing Eq. 1, the neighborhood health effect of older adult i
(NMH ;) can be calculated.

Instrumental variables

Physical exercise and amusement of other older adults.
In order to exclude the existence of a causal relation-
ship between the mental health of older adults and the
NMH, the instrumental variable estimation method
(IV) was introduced. Many scholars, such as Manski
[31], Card & Krueger [32], Moffitt & Comments [33],
Paul Schultz [34], Bobonis & Finan [35], often use
higher-level aggregation data as instrumental variables
to address the endogeneity problem in peer effect stud-
ies. This study is also constructed in this way, using
neighborhood physical exercise and neighborhood
leisure activities as instrumental variables at the com-
munity level, a higher level than the individual elderly.
Previous studies have shown that physical exercise has
a significant impact on mental health [20, 36, 37], but
it only affects the mental health of certain older adults
who participate in physical exercise, while the impact
on the mental health of other older adults is very small.
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Neighborhood physical exercise in this study refers to
the average physical exercise of other older adults in
the community, except for specific older adults, and
only affects NMH, not the specific older adults’ MH
directly. In other words, neighborhood physical exer-
cise affects MH only through NMH, which satisfies the
two core conditions of instrumental variables. There
are also many studies on the effects of recreational
activities on mental health [38—-40], and the related dis-
cussions are similar to those mentioned above. From
a theoretical perspective, we can confidently conclude
that the instrumental variables used in this article are
appropriate.

Mediating variables

Based on social interaction theory, we constructed
three mediating variables, namely social contact, social
participation, and social interaction, from three dimen-
sions of social interaction: breadth, frequency, and
depth, respectively. Surfing the Internet is a proxy var-
iable for social contact and can reflect the size of the
social interaction field. Volunteer activities is a proxy
for social participation and may reflect the frequency of
social interaction. Gift money is a proxy for social inter-
action and may reflect the depth of social interaction.

Table 1 Summary statistics for all variables (60-89 years old)
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Control variables
The mental health of older adults is affected by many
factors. The following variables are selected as control
variables based on the relevant existing research [41-
43]. First, some personal factors, including gender, age,
marital status, educational attainment, and habitation
[42]. Second, there are functional limitations, includ-
ing economic status, ADL, and IADL. For example, the
economic status of older adults significantly affects their
quality of life and mental state [44]. Therefore, the present
research uses the total income of older adults (including
subsidies and children’s economic support) as the proxy
variable of economic factors. Third, family care is essen-
tial, and family support is the primary factor in providing
for older adults [45]. Thus, three variables are included in
the model: the number of children, children’s economic
support, and children’s accompanying time. Finally, we
believe that public policy must also be considered. The
diseases caused by human aging significantly impact the
mental health of older adults as they age. Good public
medical facilities can effectively alleviate pain caused by
physical functions [46]; thus, we chose two indicators to
assess public medical services: medical service satisfac-
tion and paid family doctor service.

Table 1 Depicts the meaning and descriptive statistics
of the main variables.

Types Variable names Meanings and values Mean SD
Explained variable MH Mental health 3125  0.668
Key explanatory variable  NMH Neighborhood mental health 2724 0350
Instrumental variables Neighborhood physical exercises Neighborhood physical exercises (count, like NMH) 0.061  0.062
Neighborhood amusement activities Neighborhood amusement activities (count, like NMH) 0.153  0.096
Mediator variables Surf the Internet Surf the Internet within the past month =1, otherwise=0 0.071  0.258
Volunteer activities Yes=1,No=0 0.014 0.119
Ln (gift money) Ln (gift money) 3478 3674
Control variables Gender Male=1, Female=0 0512 0500
Age Age in 2018 68.154 6.177
Marital status With spouse =1, otherwise=0 0.789 0408
Educational attainment uneducated=1, Not graduated from primary school =2, fin- 2688 1402
ish primary school=3, Junior high school school=4, Senior high
school =5, otherwise=6
Habitation Agricultural=1, otherwise=0 0.721 0449
Ln(personal income) Ln(total personal income) 7307 3.009
ADL Activities of daily living 3902  0.262
IADL Instrumental activity of daily living 3493 0338
Family Doctor Services Receive the paid family doctor services=1, otherwise=0 0.046  0.209
Medical service satisfaction Very bad=1, bad=2, neutral=3, good =4, vary good=5 3325 1.123
Total of children Number of all adult children 3172 1594
Ln(Economic support) Ln(Economic support from all children) 4091 3470
Accompanying time from adult children  Accompanying time from all adult children 2171 3.097
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Statistical analyses

OLS model

In this report, the neighborhood mental health (NMH)
of older adults is considered the main explanatory vari-
able, and the simple CES-D score is used as the proxy
variable for the mental health of older adults, which is
introduced into the model as an explained variable. How-
ever, because mental health is a continuous variable, OLS
linear regression is adopted as the basic measurement
model in this paper, as shown in Eq. 2:

MH; = ag + ey NMH; + BX; + W 2)

Where i is an individual; NMH is the core explanatory
variable concerned in this paper, which is the NMH of
individual I; MH; is the mental health of individual i;X;
it is a control variable, including gender, age, marriage,
education, residence, logarithm of annual income, ADL,
IADL, number of children, economic support of children,
accompanying time of children, satisfaction with medical
services, and paid family doctor services; Coefficient al
can reflect the degree of neighborhood health effect on
the health of older adults, which is the key of this paper;
ay is the intercept term; B is the coefficient of the control
variable; u; is the random disturbance term.

IV-25LS model

In the course of the research in this paper, two possible
conditions lead to endogenous problems. First, impor-
tant explanatory variables may be omission. Second, the
life of older adults can’t be separated from their own
groups, and their usual chat and behavior cannot help,
showing their mental status, which may affect the mental
status of their neighbors. To solve the problems caused
by endogeneity, we introduce instrumental variables.
This paper uses physical exercise and amusement as the
instrumental variables of neighborhood mental health
effects to solve the endogeneity problem caused by omit-
ting important explanatory variables. As an instrumental
variable, it must meet both the correlation and exogenous
conditions. Physical exercise and amusement have an
impact on the health of older adults who participated but
have no impact on older adults who did not participate
by meeting the two conditions of instrumental variables.
We picked up two tool variables, neighborhood physical
exercises and Neighborhood amusement activities, and
used 2SLS to recheck the relationship between NMH and
the mental health of older adults. The first step of 2SLS
is to use NMH to regress the tool variables to gain the
fitting value NMH* of NMH. The equation is as follows:

NMH ; = as11 + a212NFEs; + a213NLAs; + Bo11Control; + €21;

3)
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MH,; = Ba21 + ProaNMHT + BaazControl; + e29;
(4)
We used the fitting value of NMH to complete the sec-
ond-stage regression estimation of 2SLS (Eq. 4). Here, MH;
refers to the mental health,oy;; and B2 are the constants, a1,
0213, B211 B222, Baos are the coefficients, g71; and e99; are
random disturbances.

KHB model

In order to further explore the mechanism of neigh-
borhood mental effects on the mental health of older
adults, this report adopts the KHB mediation effect
analysis method and uses social contact, social par-
ticipation, and social interaction as intermediary vari-
ables. Social contact is used to measure the scope of
contact between older adults and their neighbors, and
surfing the Internet is used as the proxy indicator. Vol-
unteer activities are used as indicators to reflect social
participation. Social interaction measures the close-
ness of the relationship between older adults and their
neighbors. In China, we attach great importance to
reciprocity, so this paper uses “gift money” as an indi-
cator to reflect social interaction. We used the follow-
ing equation:

MH; = as11 + a319NME; + B311Control; + y Mediator; + £31;
(5)

MH; = o321 + a300NME; + B321Controli+e33;  (6)

Residual = Mediator; — (a331 + a331NME; + B331Control;) (7)

In Eq. 5, MH; refers to mental health, a3; is the con-
stant, o312, B311, ¥ are coefficients, and &31; refers to the
residual. In Eq. 6,a32;1 is a constant, a3z and B3y are
coefficients, e32; represents the residual. Equation 7
refers to the extraction of information not contained
in NME from the Mediator;. Replacing the mediation
variable of Eq. 8 with residual yields in the following
formula:

MH; = a311 + @312NME; + 7 Residual + P11 Control; + ea1;

(8)
The above formula further examines whether the dif-
ference between asgy and 317 is significant; if the differ-
ence is significant, the mediating effect is established.
If the mediating effect holds, we separately added the
three mediating variables, social contact (surfing the
Internet), social participation (Volunteer activities),
and social interaction ("gift money"), and then the vari-

ables are added together to build the complete model.
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Results

OLS regression analysis

Table 2 depicts the OLS model results. When control-
ling for variables such as the basic individual condition
of the older adults, economic condition, family care, and
public health policy, the NMH effect has a significant
positive impact on the mental health of older adults, as
shown in model I. The results of model II are obtained
by adding the basic characteristics of older adults based
on the NMH effect. Model III is the regression result
of the NMH effect, the basic situation of older adults,
and the economic situation of older adults. The results
of model IV are based on the addition of family care to
model III. Model V adds public medical policies based on

Table 2 NMH on older adults (OLS regression model)
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model IV. Every unit of improvement in the NMH level
will promote the mental health level of older adults by
0.233 units. Table 2 manifests that gender (Coef.=0.170,
95% CI 0.141,0.200), marital status (Coef.=0.108,
95% CI 0.072,0.144), education (Coef.=0.047, 95% CI
0.036,0.058), In(personal income) (Coef.=0.010, 95% CI
0.005,0.015), ADL (Coef.=0.487, 95% CI 0.406,0.568),
IADL (Coef.=0.284, 95% CI 0.229,0.339), total of chil-
dren (Coef.=0.017, 95% CI 0.007,0.028), In(Economic
support) (Coef.=0.008, 95% CI 0.004,0.012), accom-
panying time of children (Coef.=0.011, 95% CI
0.006,0.015), medical service satisfaction (Coef.=0.070,
95% CI 0.058,0.083) have a significant positive impact
on the health level of older adults. In contrast, age

(n (m (i) (Iv) (V)
Neighborhood mental health 0356 0.246™" 0.248" 0.238" 0233
[0.315,0.397] [0.201,0.291] [0.205,0.291] [0.194,0.282] [0.190,0.277]
Gender 0174 0163 0162 0.170™"
[0.143,0.205] [0.133,0.192] [0.133,0.192] [0.141,0.200]
Age 0.000 -0.003™ -0.006™" 0005
[-0.002,0.002] [-0.006,-0.001] [-0.008,-0.003] [-0.008,-0.003]
Marital status 0.106™" 0.101™ 0.105™ 0.108™
[0.068,0.145] [0.065,0.137] [0.069,0.141] [0.072,0.144]
Educational attainment 0.048™" 0.044™" 0.042™ 0.047™"
[0.036,0.060] [0.033,0.055] [0.031,0.053] [0.036,0.058]
Habitation -0.060" 0057 -0.048™ 0064
[-0.097,-0.024] [:0.092,-0.022] [-0.083,-0.013] [-0.098,-0.029]
Ln(personal income) 0017 00117 00117 0010™"
[0.011,0.022] [0.006,0.016] [0.006,0.016] [0.005,0.015]
ADL 0514 0507 0487
[0.432,0.597] [0.425,0.589] [0.406,0.568]
IADL 0.290™" 0.290"" 0284
[0.235,0.345] [0.235,0.345] [0.229,0.339]
Total of children 0016™ 0017
[0.005,0.026] [0.007,0.028]
Ln(Economic support) 0.008™ 0.008™
[0.004,0.012] [0.004,0.012]
Accompanying time from adult children 0010™ 00117
[0.006,0.015] [0.006,0.015]
Family Doctor Services -0.048
[-0.116,0.019]
Medical service satisfaction 0070
[0.058,0.083]
Constant 2155 2080 -1.118™ -1.242" 11326
[2.040,2.270] [1.864,2.295] [-1.478,-0.758] [-1.601,-0.883] [-1.680,-0.973]
N 7713 7713 7713 7713 7713
Adj-R? 0.035 0.093 0.187 0.191 0.204

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% statistical levels; 95% confidence interval in square brackets
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(Coef.=-0.005, 95% CI -0.008, -0.003), and habitation
(Coef.=-0.064, 95% CI -0.098, -0.029) have a significant
negative influence on the health level of older adults.
However, family doctor services have no influence on the
health of older adults. The OLS regression results of fam-
ily doctor variables are insignificant because the number
of older people participating in the project is small. Only
4.43% (440) of older adults in the sample used in this
paper participated in the project, so the corresponding
policy effect is not reflected.

Endogenous problems

The instrumental variables selected in this article are
the average physical exercise and amusement time of
other older people in the community. The two-stage
least squares estimation results obtained using the
instrumental variable method are shown in Table 3.
The first stage regression results reveal that physi-
cal exercise in other older adults (Coef.=1.185, 95%
CI 1.052,1.319) and amusement activity in other older
adults (Coef.=0.411, 95% CI 0.334,0.488) have a sig-
nificant impact on NMH. It shows that the two tool
variables used in this paper meet the correlation

Table 3 NMH on the mental health of older adults (IV-2SLS)
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assumption. At the same time, we use a variety of sta-
tistical checkouts to judge the tool variables. The
P-value (0.608) of Sargan statistics is greater than 0.1.
The original assumption that the tool variable is exog-
enous is accepted, and the tool variable is qualified;
it has nothing to do with the perturbation term. The
underidentification test value is 441.955; statistical
tests reject the original assumption that the tool vari-
ables are unrecognized at the 1% significance level. The
weak identification test value is 282.728, greater than
the critical value of 19.93, indicating a strong correla-
tion between instrumental variables and endogenous
variables [47, 48]. Furthermore, the weak instrument
robust inference value was 11.32, reaching a significant
level of 1%, which further indicated a strong correlation
between instrumental variables and endogenous varia-
bles. Therefore, the assumption that instrumental vari-
ables are weakly identified is rejected. Table 3 depicts
the report of three tests considering the instrumental
variables used in this article. The second stage estima-
tion results indicate that the estimation coefficient of
the neighborhood health effect is 0.251, and it passes
the test at the 1% significance level.

Regression results in the second stage: y=mental health

Variable Coefficient 95% Confidence Interval
Neighborhood mental health 0.257%%* [0.096,0.405]
Gender 0.172%** [0.141,0.203]
Age -0.005%** [-0.008,-0.003]
Marital status 0.108*** [0.072,0.143]
Educational attainment 0.047%** [0.035,0.059]
Habitation -0.060** [-0.108,-0.012]
Ln(personal income) 0.010%** [0.005,0.015]
ADL 0.487%** [0.406,0.568]
IADL 0.284%** [O 230,0.339]
Family Doctor Services -0.049 [-0.117,0.019]
Medical service satisfaction 0.070%** [O 058,0.083]
Total of children 0.016** (0.003,0.030]
Ln(Economic support) 0.008*** [0.004,0.012]
Accompanying time from adult children 0.01 17 [0.006,0.015]
Constant -1.372%%* [-1.896,-0.847]
Regression results in the first stage: y =neighborhood mental health

Neighborhood physical exercises 1.185%%* [1.052,1.319]

Neighborhood amusement activities 0.4771%%* [0.334,0.488]

Control variables YES YES

Under identification test
Weak identification test
Weak-instrument-robust inference

Kleibergen-Paap rk LM statistic: 441.955***
Kleibergen-Paap rk Wald F statistic: 282.728***
Anderson-Rubin Wald: 11.32***

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% statistical levels; 95% confidence interval in square brackets. The sample size is 7713, and the Centered

R2is 0.205
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Robustness check

(1) Replace the dependent variable. First, mental
health with life satisfaction was replaced and used
O-logit regression. The conclusion indicated that
the NMH (OR=0.426, 95% CI 0.283,0.569) still
had a significant positive impact on life satisfac-
tion (Table 4, column 1). Second, mental health
was replaced with physical health and used O-logit
regression. Column 2 of Table 4 manifests that the
NMH (OR=0.201, 95% CI 0.201,0.477) still signifi-
cantly impacts physical health. Third, mental health
was replaced with a three-year self-assessment
health change and used O-logit regression. The
study proved that the NMH (OR=0.168, 95% CI
0.022,0.313) has a significant positive impact on the
three-year self-assessment health change of older
adults (Table 4, column 3).

(2) Replace the independent variable. The previous
phase of this paper looked at the neighborhood
effect within the community. Here we used county-
level NMH to replace community-level NMH. Con-
sistency in policy and resource allocation, similarity
in traditional culture and customs, lesser economic
and environmental differences, and ease of com-
munication due to transportation development are
factors that make communities within the same
county similar in terms of policy, resources, culture,
economy, and communication. Thus, the county-
level neighborhood health effect and the commu-
nity-level neighborhood health effect are correlated,
and this study also confirms that the higher-level
neighborhood mental health effect also positively
and significantly affects the mental health of older
adults. Due to privacy issues, CHARLS 2018 did
not show a prefecture code. However, the practical

Table 4 Robustness tests of NMH
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survey of the CHARLS 2018 focused on 150 coun-
ties in 126 cities to substitute the city variable for
the county variable (Using Eq. 1), the county-level
NMH was calculated and regressed. The regression
results in the fourth column of Table 4 showing
that the county-level NMH (Coef.=0.722, 95% CI
0.641,0.803) positively affects the mental health of
older adults.

(3) Different sample tests. Whether or not older adults
are physically disabled, they are divided into two
groups: Physical disability (239 samples) and non-
disability (6861 samples), and the effect of NMH on
the mental health of older adults is tested again. The
results certify that the mental health of 239 older
adults with physical disabilities was affected by the
NMH effect (Coef.=0.405, 95% CI 0.154,0.656)
(Table 4, column 6), whereas the mental health of
6861 older people without physical disabilities was
still affected by the NMH effect (Coef.=0.220, 95%
CI0.174,0.266) (Table 4, column 6).

Heterogeneity analysis

In order to test whether the NMH has heterogeneity on
the mental health of older adults, this paper conducts
OLS regression for differences in gender, age, house-
hold registration, and residence, as shown in Table 5.
We also tested for differences in gender, and the effect
of NMH has a significant positive impact on both men
and women (Female (Coef.=0.276, 95% CI 0.209,0.343),
Male (Coef.=0.26, 95% CI 0.150,0.262)). The WTO clas-
sified older people into three stages: young seniors aged
60 to 74, those aged 75 to 89, and those with longevity
aged 90 and above. Since the longevous is only 0.16% (12
persons), we will combine this part of the data into the
old. The NMH effect has a positive impact on the young

Life satisfaction Physical health Three-year self-
assessment health

change
O-logit: Replaced core explanatory variables

Count-level mental
health

Physical disability Non-disability

OLS: Replaced
interpreted variable

OLS: Different sample sizes

Neighborhood mental ~ 0.426*** 0.339%* 0.168**
health [02830569]  [02010477)  [00220313]
County neighborhood

mental health

Control variables YES YES YES

N 7713 7713 7708
Pseudo/Adj—R2 0.043 0.064 0.037

0.405%* 0.220%**
[0.154,0.656] [0.174,0.266]
0.726***
[0.645,0.808]
YES YES YES
7713 239 6861
0.223 0217 0.197

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% statistical levels; 95% confidence interval in square brackets. The O-logit model reports the odds ratio
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Table 5 Heterogeneity analysis of NMH by gender and age
Male Female The young old The old old
Neighborhood mental health 0.206™" 0.276™ 0.225™ 0.248™
[0.150,0.262] [0.209,0.343] [0.116,0.334] [0.201,0.295]
Control variables YES YES YES YES
N 3949 3764 1276 6437
Adj-R? 0.159 0.193 0.186 0.204

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% statistical levels; 95% confidence interval in square brackets

old and the old old, and the regression results are the
young old (Coef.=0.225, 95% CI 0.116, 0.334); the old old
(Coef.=0.248, 95% CI1 0.201,0.295).

In order to further examine whether spouses have a
heterogeneous effect on NMH, we divided the sample
into two groups, spouse and without a spouse, and con-
ducted OLS regression. Table 6 depicts the results. It was
found that the effect of NMH had a significant positive
influence on whether there was a spouse. The results
showed with spouse (Coef.=0.255, 95% CI 0.207,0.302)
and without spouse (Coef.=0.18, 95% CI 0.080,0.288).
Simultaneously, we noticed that although the hukou sys-
tem has been abolished in China, the actual urban—rural
difference has always existed, so we divided the sample
into urban and rural older adults based on their places
of residence and performed the OLS regression analysis.
The results showed with rural village (Coef.=0.245, 95%
C10.193,0.298) and urban community (Coef.=0.235, 95%
C10.157,0.312).

Analysis of KHB mediation effect

This paper further used the KHB method to examine
the intermediary effect, decomposing the total effect
of NMH influence on the mental health of older adults
into direct and intermediary effects, and calculated the
size and contribution of NMH effect on the outcome
variables through each intermediary path. We selected
social contact, social participation, and social interac-
tion as intermediary variables, surfing the Internet, and
volunteer activities as proxy indicators of social contact

Table 6 Heterogeneity analysis of NMH by marriage and location

and social participation, respectively, including gift cash
income as proxy indicators of social interaction. surfing
the Internet has a positive impact on the mental health
of older adults. By going online, older adults can broaden
their social circle, acquire information and knowledge,
participate in online social interactions, and enrich their
hobbies and recreational activities, which help reduce
loneliness, enrich their spiritual life, and improve their
quality of life and mental health. Participation in volun-
teer activities can enhance social connections, improve
mental support networks and mental health; realize a
sense of self-worth, increase self-esteem and sense of
accomplishment; increase life satisfaction and posi-
tive experiences; increase mental adaptability and abil-
ity to cope with life’s challenges; and maintain physical
and mental vitality. Therefore, participation in volun-
teer activities is a way to promote the mental health of
older adults. Gift cash is a traditional way to interact with
friends and relatives, which can strengthen the connec-
tion between friends and relatives, provide mental sup-
port for the older adults, enhance their sense of security
and improve their mental health. At the same time, gift
exchange can also pass down neighborhood mutual aid
and traditional cultural values, helping older adults have
a stronger spiritual pillar in modern society. In addi-
tion, exchanging gifts can increase the sense of belong-
ing among the older adults, reduce loneliness and mental
stress, and improve mental health.

Table 7 presents the regression results are shown.
Surf the Internet and NMH have significant positive

With a spouse Without a spouse Rural village Urban community
Neighborhood mental health 0.255™ 0.184™ 0.245™ 0.235"
[0.207,0.302] [0.080,0.288] [0.193,0.298] [0.157,0.312]
Control variables YES YES YES YES
N 6082 1631 5560 2153
Adj-R? 0.198 0.187 0.184 0.192

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% statistical levels; 95% confidence interval in square brackets
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Table 7 Influence of NMH on mediation mechanism variables
Surfing the Internet Volunteer activities Ln (gift money)
Neighborhood mental health 0.108™ 0043 0.568""
[0.101,0.115] [0.039,0.047] [0.309,0.827]
Control variables YES YES YES
N 7713 7713 7713
Adj-R? 0416 0.291 0.070

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% statistical levels; 95% confidence interval in square brackets

effects (Coef.=0.108, 95% CI 0.101,0.115), volunteer
activities have a significant positive impact on the NMH
(Coef.=0.043, 95% CI 0.039,0.047), and gift money
income has a significant positive impact on NMH
(Coef.=0.568, 95% CI 0.309,0.827).

Based on the OLS benchmark model, we first calcu-
lated the intermediary effect of social contact separately,
and the mediating effects of social activities were calcu-
lated independently. Finally, the mediating effect of social
interaction was calculated individually. Then, these three
intermediary variables are added to establish the whole
model. Table 8 depicts the proportion of each intermedi-
ary variable that can be explained separately and the pro-
portion that can be explained in the entire model. While
surfing the Internet was put into the intermediary model
alone, the total effect (Coef.=0.356, 95% CI 0.314,0.398),
direct effect (Coef.=0.296, 95% CI 0.248,0.345), and
indirect effect (Coef.=0.06, 95% CI 0.035,0.084) were
significant (p<0.01). The total effect (Coef.=0.356,
95% CI 0.314,0.398), direct effect (Coef.=0.318, 95%
CI 0.273,0.364), and indirect effect (Coef.=0.038, 95%
CI 0.019,0.056) were all significant (p<0.01) when vol-
unteer activities were put into the intermediary model
alone. When gift money was put into the intermedi-
ary model alone, the total effect (Coef.=0.356, 95%
CI 0.314,0.398), direct effect (Coef.=0.343, 95% CI

Table 8 Effect decomposition and comparison of KHB methods

0.301,0.385), and indirect effect (Coef.=0.013, 95%
CI 0.008,0.018) were significant (p<0.01). Surfing the
Internet, volunteer activities, and gift money separately
explained 16.77%, 10.57%, and 3.65% of the NMH effect.
Simultaneously, the intermediary variables of surfing the
Internet, volunteer activities, and gift money, the total
effect of NMH (Coef.=0.356, 95% CI 0.314,0.398), direct
effect (Coef.=0.281, 95% CI 0.232,0.330), and indirect
effect (Coef.=0.075, 95% CI 0.049,0.101) are significant
(p<0.01); the total effect is 1.266 times, 21.03% of the
total effect comes from surfing the Internet, volunteer
activities and gift money.

Discussion

Chinese communities have functions of psychologi-
cal belonging, health support, social services, economic
development, social governance, cultural education,
environmental management, and democratic participa-
tion. When older adults live in the same community for
a long time, various aspects of their lives intersect and
are interrelated, leading to a strong presence of neigh-
borhood effects. Based on the functions of psychological
belonging and health support within the same commu-
nity, this study investigates the impact of neighborhood
mental health on the mental health of older adults.

Surfing the Internet  Volunteer activities Ln (gift money) Surfing the Internet,
voluntary activities & Ln(gift
money)

Total effect 0.356*** 0.356*** 0.356*** Total effect 0.356***

[0.314,0.398] [0.314,0.398] [0.314,0.398] [0.314,0.398]

Direct effect 0.296*** 0.318*** 0.343%** Direct effect 0.281***
[0.248,0.345] [0.273,0.364] [0.301,0.385] [0.232,0.330]

Indirect effect 0.06%** 0.038*** 0.013%** Indirect effect 0.075%*%
[0.035,0.084] [0.019,0.056] [0.008,0.018] [0.049,0.101]

Separate Explanations  16.77% 10.57% 3.65% Confounding ratio 1.266

Full model explanation  12.27% 5.24% 351% Confounding percentage  21.03%

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% statistical levels; 95% confidence interval in square brackets
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Key findings

In our study we found that there were three-way differ-
ences in the neighborhood mental health effect across
different groups of older adults by gender, age, and pres-
ence of a spouse, respectively. First, differences in gen-
der were found. This is similar to the findings of scholar
Chrisinger [49], The neighborhood effect was greater
for women than men this may be because among older
adults of the same age, women are healthier than men
[50] and can participate in more collective activities
[51]. Conversely, women do more housework, go shop-
ping more frequently than men, and have more oppor-
tunities to communicate with others [49]. The second is
the age difference. Scholar Simran’s research shows that
the neighborhood effect does not increase but rather
decreases as older adults age [52]. This is similar to our
conclusion that the neighborhood mental health effect is
greater for the young old than for the old old. This may
have much to do with how China cares for older adults.
Furthermore, after marrying, urban children no longer
live with their parents to have independent space. After
rural children get married, they leave their hometowns to
work in cities, causing the phenomenon of empty nesters
to become increasingly serious. As the age of the empty
nest older adults increases, their participation in social
activities will reduce the impact on their mental health
[53-55]. The third is the difference between a spouse and
without a spouse. Stahl noted in his study that commu-
nity neighborhood perception was more strongly related
to depression in older adults living alone, depression in
older adults living with family members is unrelated [56].
This is contrary to our conclusion that the neighbor-
hood mental health effect has a greater impact on older
adults with spouses than those without spouses. And
we believe that this difference, which may be due to two
reasons. On the one hand, older adults with spouses can
receive community information from their spouses even
if they do not go out, which increases information trans-
mission channels. On the other hand, older adults with
spouses are more willing to participate in social activi-
ties [51]. The fourth is the difference in older adult resi-
dences. The effect of NMH on rural village is greater than
that of urban community. According to Mr. Fei Xiaotong,
the development of rural China is based on kinship and
geographical relations [57]. In rural China, Due to the
influence of traditional culture and settlement in rural
China, it is easy for neighbors to have dual relations of
blood and geography due to marriage. In urban areas, the
acceleration of China’s urbanization process has led to a
large number of people from rural areas pouring into the
city. Simultaneously, the population boom in urban areas
has also broken the familiar neighborhood relations.
Thus, the neighborhood relationship is closer than that
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of cities, and rural residents prefer to be together in their
leisure time to play cards and chat. Therefore, the neigh-
borhood effect in rural areas of China is more powerful
than that in urban areas.

What this study adds

We used three methods to examine whether the NMH
has a positive impact on the mental health of older peo-
ple: replacement independent variables, replacement
dependent variables, and different sample tests. First, we
used the method of replacing independent variables and
a higher county-level NMH to replace the NMH (com-
munity level). The use of county-level administrative divi-
sions in China has a long history, and such administrative
divisions have been used so far. Therefore, in the same
county, there are also the same historical and cultural
backgrounds, living customs, and public policies. The
county-level NMH and the community-level NMH cor-
relate. The study confirmed that the higher level NMH
effect will also significantly impact the mental health of
older people.

Second, we used life satisfaction, self-rated health, and
three-year self-assessment health change to substitute
dependent variables. Generally, life satisfaction is posi-
tively related to the mental health of older adults [11],
so we believe that life satisfaction can be used as a proxy
for the mental health of older adults. Self-rated health
refers to an individual’s overall assessment of their his-
torical physical indicators and mental status. The advan-
tage of this method is to make up for the lack of mental
health to some extent [43, 58]. CHARLS 2018 collected
the self-assessment health information of older adults,
so we used self-assessment health to replace mental
health and changed it to the O-logit model. The results
showed that the NMH effect also positively impacts the
self-assessment health of older people. Furthermore, the
mental health measured by cross-sectional data ignores
the lag effect of historical health and the current peri-
odic instability of mental health. We used the three-year
self-assessment of health changes to alleviate these two
problems. According to CHARLS, the overall health
change trend of older people in the past three years
was recorded. Therefore, we constructed the variable of
health change in the past three years and used the O-logit
model. The study found that the effect of NMH had a sig-
nificant positive impact on older adults’ self-assessment
health change in the past three years.

Finally, we divided the total samples into two subsam-
ples with large size differences to examine the robustness
of the model in different sample sizes. The older adults
were divided into two groups: physically disabled and
non-disabled people. The NMH effect positively impacts
the mental health of older adults in 6437 large samples



Gong et al. BMC Public Health (2023) 23:1352

with non-disabled participants. The findings support
the positive impact of NMH effects on the mental health
of older adults in 239 small samples with physical dis-
abilities. Thus, it is concluded that the effect of NMH is
always stable, whether physically disabled or not, and in a
large or small sample.

Strengths and limitations

In order to further explore the action mechanism of
NMH for the mental health of old people, the interme-
diary variables of social contact, social participation, and
social interaction are introduced. The results showed that
surfing the Internet, volunteer activities, and gift money
had significant effects on the mental health of older
adults, indicating that strong social contact, social par-
ticipation, and social interaction were conducive to the
mental health of older adults. This is the same conclusion
that Kail, Stevens, and other scholars have concluded that
high levels of social engagement and social inclusion are
important in supporting the physical and mental health
of older adults to achieve productive and successful aging
[59, 60]. And, we also believe that the reason may be that
strong social participation and social integration can pro-
vide spiritual sustenance and self-worth affirmation for
the older adults, which is conducive to the older adults’
positive emotions. Thus, the mental health of older adults
can be kept at a better level.

Notably, the present research has two defects. First,
CHARLS historical survey did not involve the mental
health of older adults, and we had to use cross-sectional
data. Although we attempted to replace older adults’
mental health with life satisfaction, self-assessment of
health, and three-year health change to clarify the model,
we must admit that these methods cannot compensate
for the shortcomings of panel data models. Second, there
are limitations to the mediating variables used in this
paper. On the one hand, CHARLS conducted a survey in
2017 that revealed mobile Internet usage is significantly
lower than the current level. Short videos such as TikTok
have not yet emerged, and the mediating effect of mobile
Internet will be more significant today. On the other
hand, CHARLS did not ask questions about the com-
munity environment and neighborhood relations, so we
used gift money as a proxy variable for social interaction.
Therefore, the intermediary mechanism between mobile
Internet and neighborhood mental health can be further
explored in future research.

Conclusion

China is at a critical stage of coping with the aging
population and the healthy China strategy. Understand-
ing the action mechanism of the NMH effects on the
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mental health of older adults has important implica-
tions for better promoting the construction of an aging
community and an elderly-friendly society. Based on
the 2018 CHARLS data, this report identified the inter-
nal relationship between the mental health of neighbors
and the mental health of the older. The neighborhood
mental effect increased by 1 unit, whereas the men-
tal health of an older person increased by 0.251 units
on average. Social contact, participation, and interac-
tion are important channels for neighborhood mental
health to improve the mental health of older adults.
Further research on the heterogeneity of the neigh-
borhood mental effect showed that the neighborhood
mental effect has a greater influence on women than
men, on the young old than the old, on older adults
with a spouse than older adults without a spouse, and
on rural villages than the urban community. Based on
the empirical finding of this study, we recommended
the following suggestions: First, we should promote
the social participation of older adults through various
forms of collective activities organized by communities.
Various community activities increase the opportuni-
ties for older adults to join social activities. Older adults
can enrich their lives, enjoy their emotions and promote
their mental health by participating in activities. Sec-
ond, the community or children encourage older adults
to improve the use of intelligent networks. The cor-
rect use of intelligent networks can increase the chan-
nels for older adults to obtain information and expand
the social scope of older adults so that older adults can
break regional social barriers. Third, build a harmonious
neighborhood culture. Mutual aid and friendly neigh-
borhood relationship can promote interaction and com-
munication between neighbors, enhance older adults’
sense of trust and security in the living environment,
and is beneficial to older adults’ mental health.
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