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1. Introduction

Regarded as a key dimension of quality of life, 
subjective well-being (SWB) has been defined as 
"good mental states, including all of the various 
evaluations, positive and negative, that people make 
of their lives and the affective reactions of people to 
their experiences" (1). Based on a substantial body 
of research that has found strong associations of this 
characteristic with longer survival and several other 
health indicators (2,3), SWB has been designated as 

an important indicator of societal progress and a target 
for improvement by health care systems (2,4). As the 
prevalence of chronic illness increases with advancing 
age and treatments for life-threatening disease become 
more effective, the issue of maintaining well-being at 
advanced ages is growing in importance (2). This has 
led to increased efforts to develop appropriate measures 
of SWB and gain an increased understanding of 
determinants of well-being worldwide.
 SWB is thought to be determined by a multitude 
of individual factors as well as social and physical 
environmental factors (5,6). Several studies have 
focused on demographic factors that may affect SWB 
‒ such as gender, age, income, and marital status ‒ but 
they have found that these factors generally explain less 
than 20% of the variance in SWB (7). Furthermore, the 
relationships found between demographic factors and 
SWB were not consistent. For example, the quadratic 
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relationship between SWB and age in high-income 
English-speaking countries was not replicated in other 
regions (2). Studies of SWB have also examined 
its association with environmental factors, with an 
emphasis on the importance of the geographically 
proximal environment for older adults, particularly 
those who are retired or becoming frail and therefore 
likely to be spending more time in their immediate 
neighborhood (8). Several studies showed that certain 
physical attributes of the neighborhood, such as 
quality public transportation (9) and access to green/
recreational areas (10,11), were positively associated 
with higher levels of SWB.
 There is limited evidence on the relationship 
between perceived aspects of the neighborhood and 
mental health in older people, but findings from a 
few studies have linked self-reported neighborhood 
problems (12 ) ,  poor  socia l  environment  in  a 
neighborhood (13), and low sense of belonging to 
a neighborhood (14) with psychological distress in 
older people. This suggests that how individuals feel 
about the physical and social environment in which 
they live may be associated with their mental health 
just as strongly as objective, area-level measures of 
neighborhood deprivation (15). These associations with 
mental health could be expected to extend to SWB. This 
has been supported by cross-sectional studies, which 
have found that perceived neighborhood cohesion was 
positively associated with SWB among elders (8,15,16), 
and a longitudinal study in England (17), which found 
that negative neighborhood perceptions were associated 
with poorer SWB. Another longitudinal study in the 
Netherlands (18) found that social cohesion and social 
belonging were positively associated with SWB.
 Physical and social environments are thought not 
only to influence health outcomes and health behaviors, 
but also to be interrelated and influence each other 
(19,20). One study (21) found that adults living in 
high-walkable neighborhoods reported higher levels of 
knowing their neighbors, political participation, trust 
in other people, and social participation compared to 
participants living in low-walkable neighborhoods. 
Other studies have also supported the hypothesis 
that pedestrian-friendly environments are related to 
increased social capital (22,23). However, few studies 
have simultaneously examined the unique effects 
of individual, physical, and social neighborhood 
characteristics on SWB among elders.
 While some studies have found individual 
characteristics (such as gender, age, and education) 
(24-26), social support (26,27), social belonging 
(28), economic openness (29), and atmospheric 
pollution (30) to be associated with SWB among 
urban Chinese people, research focusing specifically 
on the neighborhood environment and SWB among 
elders in China has been limited. In fact, we could 
only find one such study (27), and this study did not 

examine individual, physical, and social environmental 
characteristics simultaneously. The objective of the 
present study is to address a gap in the SWB literature 
with a cross-sectional study examining the effects 
of neighborhood social cohesion, social interaction, 
aesthetic quality (AQ), and walkability on SWB in a 
sample of elders from Shanghai, China.

2. Methods

2.1. Participants and study design

The present study was conducted in the Xinhua 
subdistrict of Shanghai from July to September 2014. 
The Xinhua subdistrict with mature physical structure 
is aging subdistrict of approximately 2.2 km2 located in 
southwest Shanghai. It consists of 198 neighborhoods 
with approximately 78,000 residents, of whom 16% are 
over 65 years old (http://www.xhjd.org/). The subdistrict 
has a stable population structure and built environment, 
which make it a suitable place to examine the effects 
of the perceived social and physical attributes of 
a neighborhood on health. The study design and 
sampling approach has been described previously (31). 
Briefly, the first stage consisted of the selection of 47 
neighborhoods by purposive sampling that took into 
account environmental factors such as accessibility 
to services, aesthetics, and street connectivity. In the 
second stage, we randomly sampled 120 elders aged 60 
years or older from each neighborhood that had more 
than 120 elders; in neighborhoods with fewer than 
120 elders, all elders living in the neighborhood were 
selected. In total, 2,839 elders were sampled from 47 
neighborhoods; however, 120 elders were excluded 
from analysis because of incomplete data, resulting in a 
final analytic sample consisting of 2,719 elders for the 
current study.
 Informed consent was obtained from all participants, 
and face-to-face interviews were used to collect data. The 
study was approved by the Institutional Review Board of 
the School of Public Health at Fudan University.

2.2. Measurements

2.2.1. Subjective well-being

The Chinese version of the Personal Wellbeing Index 
(CPWI) (32) was used to measure subjective well-
being. The CPWI used in the current study consisted 
of seven core domains (standard of living, health, life 
achievement, personal relationships, personal safety, 
feeling part of the community, and future security), 
measured on an 11-point Likert-type scale, with 
numerical ratings ranging from 0 (extremely dissatisfied) 
to 10 (extremely satisfied). A previous study found the 
CPWI to have acceptable reliability, Cronbach's α = 0.81 
(24). In the present study, Crobnach's α = 0.92 for our 
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vs. other), education level (elementary school, junior 
high school, senior high school, and university or 
higher), and years living in the neighborhood (categorized 
in 10-year intervals). Additionally, a previous study 
indicated that both comorbidity and self-rated health 
were associated with SWB (36); therefore, we also 
controlled for the number of self-reported chronic 
diseases (0, 1, 2 or more) and self-rated health. Self-rated 
health was assessed by the single item, "Would you say 
that in general your health is excellent, very good, good, 
fair, or poor?" From this item, we created a dichotomous 
measure (0 = fair or poor; 1 = excellent, very good, or 
good). Finally, we controlled for leisure-time physical 
activity (LTPA), which was assessed by the Chinese long 
form of the International Physical Activity Questionnaire 
(37). Consistent with previous research (38), self-
reported minutes of recreational walking and moderate- 
and vigorous-intensity physical activity in the past 
week were used to estimate a LTPA score, which was 
dichotomized into high or low. High LTPA was defined 
as at least 150 minutes of leisure-time physical activity 
per week. This criterion is in accordance with the current 
recommendations for physical activity (39).

2.2.4. Statistical analyses

Our data had a multilevel structure comprising elders 
(the first level) nested within neighborhoods (the 
second level). We fitted the data using multilevel 
linear regression models, adjusting for both individual- 
and neighborhood-level variables as fixed effects and 
allowing for a random intercept for SWB. The analyses 
of the relationships between attributes of a neighborhood 
and SWB involved estimating multiple sequential models 
(40). After examining the neighborhood-level variance 
in SWB without including any explanatory variables 
(empty model), we examined the relationship between 
individual- and neighborhood-level attributes of the 
neighborhood with SWB (Models 1 and 2, respectively) 
after controlling for individual covariates. Finally, we 
modeled all individual- and neighborhood-level variables 
simultaneously (Model 3). We used −2 log likelihood 
(−2LL) and Akaike information criterion (AIC) to 
compare the goodness of fit of each model (40). STATA 
version 13.1 was used for all analyses (StataCorp, Texas, 
USA). For all models, the unstandardized coefficient 
(B) and corresponding 95% confidence interval were 
reported. Results were considered statistically significant 
if the two-sided p values were < 0.05.

3. Results

3.1. Demographic characteristics and subjective well-
being of the sample

The demographic characteristics of the sample 
and univariate relationships between demographic 

sample. The Likert scale data were standardized into 
units of percentage of scale maximum (% SM) on a 0-100 
distribution using the equation

                                                                       (32),

where X is the score to be converted, Kmin = 0 (the 
minimum score possible on the scale), and Kmax = 10 ( the 
maximum score possible on the scale).

2.2.2. Attributes of neighborhood

In the present study, we mainly focused on two physical 
dimensions of neighborhoods (aesthetic quality and 
walkability) and two social dimensions (social interaction 
with neighbors and social cohesion). The scales used to 
measure these dimensions were developed by Mujahid 
and colleagues (33). As described in detail previously 
(31), the original scale was initially translated into 
Chinese, and the Chinese version was then translated 
back into English to verify that the content of the original 
scale was maintained. The aesthetic quality (AQ) 
subscale consisted of 5 items, the walkability subscale 
consisted of 7 items, the social interaction with neighbors 
subscale consisted of 5 items, and the social cohesion 
subscale consisted of 4 items. The Cronbach's αs for 
these subscales in our sample were 0.74, 0.81, 0.87, and 
0.88, respectively.
 Due to the relationship between neighborhood 
characteristics and individual-level characteristics 
(33,34), with varying perceptions of the same reality 
by different individuals, the averaging of responses 
across multiple persons within a neighborhood reduces 
measurement error due to individual subjectivity (33). In 
the present study, all attributes of the neighborhood were 
assessed in two alternative ways: (a) individual-level 
attributes were assessed by calculating the mean score of 
each individual's own assessments on the corresponding 
scale's items; (b) neighborhood-level attributes for 
participant i were measured as the mean perceived 
individual-level attributes for all participants from the 
same neighborhood as participant i, excluding participant 
i. Previous studies indicated that objective neighborhood 
measures were significantly correlated with subjective 
perceptions of neighborhood quality (35) ‒ for example, 
a participant with higher neighborhood-level AQ would 
generally indicate that she/he lived in a more aesthetic 
neighborhood. For analysis, both individual and 
neighborhood-level attribute scores were converted into 
quartiles, with the highest quartile indicating the highest 
level of neighborhood attributes.

2.2.3. Covariates

We selected the following variables as potential 
confounders for statistical control: sex, age (categorized 
in 5-year intervals), marital status (married or cohabiting 
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characteristics and SWB are shown in Table 1. Overall, 
58.7% of the subjects were women, and more than half 
(51.8%) were 70 years old or older. Only 16.2% had 
graduated from university. More than 70% reported 
having at least one chronic disease, and 65.7% reported 
poor self-rated health. More than half of subjects had 
lived in the neighborhood for 20 years or longer. The 
average level of SWB was 74.2 ± 15.7% SM. SWB was 
significantly higher among those who were married/
cohabiting (74.9 ± 14.7% SM) than among their 
unmarried counterparts (71.4 ± 15.8% SM); it was also 
significantly higher among those with higher education 
levels (p < 0.001). Subjects with good self-rated health 
also reported significantly higher levels of SWB than 
subjects with poor self-rated health. Additionally, 
SWB was significantly higher among people with high 
LTPA (76.7 ± 14.4% SM) than among their low-LTPA 
counterparts (72.0 ± 15.2% SM). SWB was negatively 
correlated with age group and number of chronic 
diseases (both p < 0.05), and positively correlated with 
years living in the neighborhood (p < 0.05).

3.2. Univariate analysis of neighborhood attributes and 
SWB

Univariate analyses showed that SWB increased 

significantly with higher individual perceptions of AQ, 
walkability, social cohesion, and social interaction 
(Table 2). For example, the SWB levels among 
participants in the first (lowest), second, third, and 
fourth (highest) quartiles of perceived neighborhood 
AQ were 70.6 ± 15.0% SM, 71.2 ± 15.7% SM, 74.0 ± 
12.6% SM, and 79.6 ± 14.8% SM, respectively.

3.3. Multilevel linear regressions of the relationship 
between neighborhood attributes and SWB

The results of the multilevel linear regression models 
are shown in Table 3. The empty model (not shown in 
Table 3) indicated that there was significant variation 
in SWB across neighborhoods (χ2 = 149.78, p < 0.001); 
the interclass correlation coefficient (ICC) was 0.084, 
indicating that 8.4% of the variance in SWB was 
explained by a random effect for neighborhoods.
 Model 1 indicated that individual-level social 
cohesion, social interaction, and AQ were positively 
associated with SWB, but individual-level walkability 
was not associated with SWB after controlling for 
individual covariates. For example, compared with 
participants in the lowest quartile of social cohesion, 
the regression coefficients of participants in the second, 
third, and fourth quartiles were 2.34 (95% CI: 0.71-3.98), 
3.03 (95% CI: 1.32-4.73), and 6.90 (95% CI: 5.38-8.42), 
respectively. However, Model 2, which included the 
neighborhood-level attributes and individual covariates, 
found that only neighborhood-level AQ was significantly 
and positively correlated with SWB after controlling for 
individual covariates.

Table 1. Demographic differences in subjective well-being

Items

Overall
Sex 
    Men
    Women 
Age (years)
    60-64
    65-69
    ≥ 70
Education level
    Elementary school
    Junior high school
    Senior high school
    University
Marital status 
    Married or cohabiting
    Other
Self-rated health
    Poor
    Good
Number of chronic diseases
    None
    One
    Two or more
Years living in the neighborhood
    < 10
    10-19
    20-29
    30-39
    ≥ 40
Leisure-time physical activity
    Low
    High

     N, %

2,719

1,124 (41.3)
1,595 (58.7)

   722 (26.6)
   590 (21.7)
1,407 (51.8)

   844 (31.0)
   963 (35.4)
   473 (17.4)
   439 (16.2)

2,183 (80.3)
   536 (19.7)

1,785 (65.7)
   934 (34.4)

   640 (23.5)
1,093 (40.2)
   986 (36.5)

   305 (11.2)
1,141 (42.0)
   582 (21.4)
   342 (12.6)
   349 (12.8)

1,281 (47.1)
1,438 (52.9)

Subjective
well-being

(mean and SD) 

74.2 (15.7)

74.8 (14.8)
73.8 (15.2)

75.2 (14.5)
74.8 (14.0)
73.5 (15.7)

71.2 (16.4)
74.3 (14.1)
76.5 (13.1)
77.4 (15.2)

74.9 (14.7)
71.4 (15.8)

73.2 (15.1)
76.3 (14.7)

77.8 (13.2)
74.7 (14.8)
71.3 (15.7)

68.5 (15.7)
73.3 (14.7)
76.0 (14.3)
76.7 (15.4)
77.0 (14.9)

71.7 (15.4)
76.4 (14.3)

p value

0.082

0.023

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

Table 2. Univariate relationships between perceived 
neighborhood attributes and subjective well-being

Items

Physical characteristics 
Aesthetic quality
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Walking environment
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile

Social characteristics
Social cohesion
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Social interaction
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile

     N, %

641 (23.6)
612 (22.5)
649 (23.9)
817 (30.1)

666 (24.5)
661 (24.3)
693 (25.5)
699 (25.7)

670 (24.6)
480 (17.7)
481 (17.7)
1088 (40.0)

646 (23.8)
544 (20.0)
677 (24.9)
852 (31.3)

Subjective
well-being

(mean and SD) 

70.6 (15.0)
71.2 (15.7)
74.0 (12.6)
79.6 (14.8)

72.7 (15.2)
72.0 (15.0)
73.8 (13.8)
78.2 (15.4)

68.6 (16.4)
71.9 (13.6)
73.9 (14.7)
78.9 (13.4)

71.0 (15.7)
72.9 (15.0)
74.5 (13.8)
77.4 (14.8)

p value

< 0.001

< 0.001

< 0.001

< 0.001
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 In Model 3, the individual- and neighborhood-
level attributes of each neighborhood were entered 
simultaneously. After controlling for individual-level 
covariates, individual-level social cohesion, social 
interaction, and AQ were still positively correlated with 
SWB. However, the regression coefficients of individual-
level social cohesion and social interaction in Model 
3 were slightly lower than those in Model 2, and the 
regression coefficient of individual-level AQ was slightly 
higher than that in Model 2. For example, compared with 

participants in the lowest quartile of social cohesion, 
the regression coefficients of participants in the second, 
third, and fourth quartiles were 2.31 (95% CI: 0.68-
3.95), 2.87 (95% CI: 1.15-4.59), and 6.79 (95% CI: 5.24-
8.33), respectively. Meanwhile, neighborhood-level AQ 
was also positively correlated with SWB; compared 
with participants in the lowest quartile, the regression 
coefficients of participants in the second, third, and fourth 
quartiles were 1.03 (95% CI: 0.64-1.16), 1.17 (95% CI: 
1.08-1.47), and 2.38 (95% CI: 1.38-3.58), respectively.

Table 3. Multilevel regression models of relationships between neighborhood attributes and subjective well-being*

Items

Fixed effects 
Individual-level variables 
Social cohesion
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Social interaction
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Aesthetic quality
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Walkability
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Neighborhood level variables
Social cohesion
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Social interaction
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Aesthetic quality
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Walkability
    1st quartile
    2nd quartile
    3rd quartile
    4th quartile
Random effects
    Neighborhood-level variance (SE)
ICC (SE)
Model fit
−2LL
AIC

Model 1: B, 95%CI

Reference
2.34 (0.71-3.98)
3.03 (1.32-4.73)
6.90 (5.38-8.42)

Reference
1.20 (0.76-1.36)
1.90 (0.98-2.46)
2.76 (1.16-4.36)

Reference
0.43 (0.09-1.95)
1.63 (0.07-3.18)
4.50 (2.86-6.14)

Reference
− 0.10 (− 1.61-1.41)
− 0.90 (− 2.44-0.63)
1.44 (− 0.18-3.07)

11.11 (3.11)
0.06 (0.02)

21841.61
21887.61

Model 2: B, 95%CI

Reference
0.55 (− 2.44-3.54)
2.81 (− 0.17-5.78)
2.95 (− 0.43-6.33)

Reference
− 1.34 (− 4.21-1.53)
− 1.49 (− 4.27-1.30)
− 2.07 (− 5.05-0.91)

Reference
1.06 (0.64-1.21)
1.24 (1.15-1.67)
2.76 (1.46-3.98)

Reference
− 2.24 (− 5.26-0.78)
− 2.22 (− 5.29-0.84)
− 1.30 (− 4.18-1.58)

6.55 (2.23)
0.03 (0.01)

22060.48
22106.48

-2LL: -2 Log Likelihood (smaller is better); AIC: Akaike information criterion (smaller is better); *Gender, age, marital status, educational attainment, 
self-reported chronic diseases, self-rated health, number of years in the neighborhood and leisure-time physical activity were adjusted in all models.

Model 3: B, 95%CI

Reference
2.31 (0.68-3.95)
2.87 (1.15-4.59)
6.79 (5.24-8.33)

Reference
1.17 (0.73-1.40)
1.04 (0.53-2.61)
2.72 (1.14-4.23)

Reference
0.46 (0.15-1.98)
1.69 (0.12-3.26)
4.59 (2.81-6.17)

Reference
0.18 (− 1.34-1.70)
− 0.64 (− 2.20-0.91)
1.70 (− 0.04-3.36)

Reference
− 0.02 (− 2.95-2.91)
1.45 (− 1.48-4.37)
0.16 (− 3.20-3.52)

Reference
− 2.18 (− 4.99-0.62)
− 2.11 (− 4.85-0.62)
− 3.42 (− 6.37-0.47)

Reference
1.03 (0.64-1.16)
1.17 (1.08-1.47)
2.38 (1.38-3.58)

Reference
− 2.66 (− 5.62-0.29)
− 2.29 (− 5.31-0.73)
− 2.29 (− 5.16-0.59)

6.33 (2.10)
0.03 (0.01)

21824.16
21894.16
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4. Discussion

With the largest and most rapidly growing aging 
population in the world (41), China is undergoing a 
rapid transition from a rural to an urban society. The 
growth of the aging population coupled with rapid 
urbanization simultaneously presents challenges 
and opportunities for maintaining the well-being of 
elders in China (42). Because elders spend a greater 
proportion of their lives in their neighborhoods than 
younger adults, neighborhood environments are critical 
sources of support systems for elders, whose declining 
health may lead to frailty, social isolation, as well as 
limited mobility, financial strain, and/or limited access 
to transportation. Exploring the unique effects of 
neighborhood attributes on elders' well-being could be 
helpful to urban planners and public health officials in 
their efforts to build age-friendly neighborhoods and 
cities.
 Accumulating evidence suggests that the physical 
and social attributes of the neighborhood play a role 
in the health of older individuals. However, research 
on the relationship between subjective well-being 
and individual perceptions of the neighborhood is 
limited (43). To our knowledge, this is the first study 
in China to simultaneously examine the effects of the 
perceptions of the social and physical attributes of one's 
neighborhood on well-being among older adults.
 Neighborhood aesthetic quality has been shown to 
influence health behaviors such as physical activity 
(44,45) and fruit and vegetable consumption (46). 
Another study in Taiwan (47) found that high fruit 
and vegetable consumption combined with high 
LTPA could reduce the likelihood of developing new 
depressive symptoms among elders. Our study also 
found that high LTPA was associated with high SWB, 
which is consistent with previous studies (48,49). 
After accounting for demographic characteristics, 
years living in the neighborhood, physical activity, 
comorbidity, and self-reported health, we found 
that good perceived aesthetic quality of one's 
neighborhood was associated with high SWB, which 
is consistent with the finding of another study that the 
mental well-being of residents of deprived areas in 
Glasgow was higher when the respondents considered 
their neighborhood to have very good aesthetic 
qualities (50). Furthermore, we also found that high 
neighborhood-level aesthetic quality was associated 
with high SWB. These findings suggest that building 
aesthetic neighborhoods may promote better SWB 
among elders, which should be considered during 
urban planning and construction in China.
 Our study also found that perceived social cohesion 
and social interaction were positively associated with 
SWB, which was consistent with our hypotheses and 
previous studies (16,18,51,52). Social cohesion and 
social interaction may influence elders' SWB in several 

ways. First, social cohesion positively impacts the 
strength of relationships and social interaction as well 
as collective attachment to the neighborhood, and is 
thus expected to enhance individuals' well-being (53). 
Second, elders living in more cohesive communities 
may receive more instrumental and affective support 
(16), which are resources that can contribute to SWB 
(49,51). Third, neighborhood social cohesion and social 
interaction may promote physical activity among elders 
(45,54). Previous studies (48,55) and our study have 
found physical activity to be positively associated with 
SWB.
 No neighborhood-level social attributes were 
found to be associated with elders' SWB in our study. 
Research has shown Chinese people to be more 
collectivistic (56) than Westerners, but social capital 
in China resides largely in families and other narrow 
circles of social relationships, which implies that people 
may only trust those who belong to the same in-group 
and may not participate social activities outside of their 
circles (57). When individual-level social interaction 
and social cohesion are aggregated to the neighborhood 
level, their effect on SWB may become diluted and 
less relevant. Hence, there was no relationship between 
neighborhood-level social interaction or social cohesion 
and SWB.
 This study is not without limitations. First, the 
direction of causality could not be addressed due to the 
cross-sectional study design. Second, neighborhood 
attributes were measured by validated self-reported 
questionnaires (33) rather than independent neighborhood 
measures. However, prior research has found that 
perceptions of one's neighborhood are more strongly 
related to health than objective neighborhood measures 
(58). Finally, a large sample from 47 neighborhoods 
was used, but the study was conducted in only one 
administrative district of Shanghai, which may not be 
representative of the overall elderly population or other 
neighborhoods in China. Well-designed, multicenter 
prospective studies of the neighborhood correlates of 
SWB should be conducted in the future.
 In conclusion,  despi te  the aforementioned 
limitations, this study provides new findings on the 
relationships between the social and physical attributes 
of neighborhoods and SWB among the Chinese elderly. 
Building aesthetic and cohesive neighborhoods may 
facilitate the participation of Chinese elders in the social 
activities of their neighborhoods and thereby enhance 
their SWB.
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