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Background: As life expectancy and health expenditure consumed by older people
increase, maintaining a better health and quality of life for older adults has become
an important social issue. Research indicates that physical activity may help address
this challenge. Moreover, it is believed that improved quality of life and health benefits
from physical activity can be achieved through interventions in the neighborhood
environments. However, existing knowledge has often been based on bivariate
relationships between these factors, and few studies have formally examined the extent
to which any association between neighborhood environments, health, and quality of
life may be mediated by the level of physical activity. This paper aims to investigate the
direct and indirect influence of neighborhood characteristics on the health and quality of
life of older adults, taking into account physical activity behavior and socio-demographic
characteristics in a more comprehensive framework.

Methods: Data were collected using a survey among 363 older adults aged 60
years and over in China. A path analysis was used that derives all direct and indirect
relationships between the variables.

Results: Leisure-time physical activity levels played a mediating role in the relation
between social capital and health as well as quality of life. Moreover, the study confirmed
direct relationships between neighborhood characteristics such as neighborhood
aesthetics and traffic safety and health as well as quality of life. However, the effect
of neighborhood characteristics on health and quality of life through transport-related
physical activity levels was not found.

Conclusions: Leisure-time physical activity instead of transport-related physical activity
should be considered a priority when developing interventions aiming to promote healthy
aging. Additionally, neighborhood characteristics are important in promoting healthy
aging, even though they have no or less impacts on older adults’ health and quality
of life through physical activity.
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INTRODUCTION

As life expectancy and health expenditure consumed by older
people increase, maintaining a better health and quality of life
for older adults has become an important social issue. Research
indicates that physical activity may help address this challenge.
For example, participation in regular physical activity reduces
the risk of coronary heart disease, stroke, diabetes, hypertension,
dementia, high cholesterol and obesity (1). Physical activity is
also related to improved quality of life and reduced risk of
many mental health conditions, including depression and anxiety
among older adults (1, 2). In addition, research conducted by
Buchman et al. (3) suggest that physical activity may augment
health and longevity in old age.

The neighborhood provides opportunities for increasing
physical activity, especially for older adults who are more
dependent on their neighborhoods due to aging-related
functional and mobility challenges (4) and thus has gained
importance in the literature. It is believed that improved quality
of life and health benefits from physical activity can be achieved
through interventions in the neighborhood environments. Since
increasing emphasis has been placed on the importance of
neighborhood environments, a great number of studies have
attempted to identify environmental correlates of physical
activity (5-10). Evidence from systematic review indicates
that neighborhood characteristics such as access to green
spaces/shops, pedestrian-friendly features and aesthetically
pleasing scenery positively affected older adults’ physical activity
participation (11, 12).

Although physical activity is assumed to be an important
pathway connecting neighborhood environments with health
and quality of life, existing knowledge has often been based on
bivariate relationships between these factors, and few studies
have formally examined the extent to which any association
between neighborhood environments, health and quality of life
may be mediated by the level of physical activity (13). As a
result, the relationships between neighborhood environments
and health as well as quality of life are less clear. For example,
although previous research has found a relationship between
neighborhood social capital and quality of life (14, 15), it is
unclear whether the relationship is direct or mediated by physical
activity. Insights into the mediating mechanism can yield
important knowledge on how neighborhood social capital can
optimally promote quality of life through stimulating physical
activity. Moreover, these few studies showed different findings.
For example, Sugiyama et al. (16) concluded that physical
activity is an important mediator in the relationship between
neighborhood environments (i.e., access to green spaces) and
health, whereas others (17, 18) did not find the mediating
role of physical activity. In addition, most studies on physical
activity have been conducted in the Western context, such as the
United States, Europe, and Australia, with few studies focusing
on older adults in Asia. The findings based on a Western
context may not be generalizable to other regions such as Asia
(19). Therefore, the understanding of the relationships between
neighborhood characteristics, physical activity, health and quality
of life requires more scientific evidence.

Given the background and motivations discussed above,
this study aims to bring these factors together into a more
comprehensive framework to explain the relationships (direct
and indirect) between neighborhood characteristics, physical
activity, health and quality of life, based on data collected from
363 respondents aged 60 and older in Dalian, China.

CONCEPTUAL FRAMEWORK

The conceptual model underpinning the study draws on previous
empirical studies which hypothesize a direct pathway from socio-
demographic and neighborhood characteristics to health and
quality of life and an indirect pathway via physical activity
including transport-related and leisure-time physical activity
(Figure 1).

In mainstream psychology, quality of life is defined as a
conscious cognitive judgment of satisfaction with one’s life (20).
Xavier et al. (21) found that older adults who were dissatisfied
with their current life had mainly the lack of health as a reason
for their suffering. Furthermore, Roberto et al. (22) found that
living with chronic illnesses and their manifestations affects daily
functioning and influences the quality of life of older people. Low
et al. (23) conducted a cross-cultural study with data collected in
20 countries and concluded that older adults’ health satisfaction
affects their attitude toward aging and then affects their quality of
life judgements. In addition, Low et al. (23) also found that health
satisfaction has a direct effect on quality of life.

Literature also suggests that physical activity is related to
quality of life (24). Barradas et al. (25) found that those
participants who reported higher leisure-time physical activity
levels also reported a significantly higher subjective well-being
(subjective well-being has often been used as a proxy for quality of
life). Pucci et al. (26) also found that there is a positive association
between leisure-time physical activity and general quality of life.
A study conducted by Adamos et al. (27) showed that participants
stated that walking in their daily traveling makes them happy and
offers a lot of benefits to their health and they related significantly
walking for travel with quality of life. However, Juraki¢ et al.
(28) found an inverse relation between transport-related physical
activity and quality of life. They argued that the inverse reason
might be related to the fact that people with lower household
income are physically active in the transportation domain and
they tend to have low quality of life.

With regard to the influence of socio-demographic
characteristics on quality of life, von Humboldt et al. (29)
found that education and income are significant predictors of
perceived quality of life. Household composition has also been
found to affect quality of life. Older adults tend to have higher
level of quality of life if they live with grandchildren (30). In
addition to sociodemographic characteristics, studies also found
the influence of neighborhood characteristics on quality of life.
Bowling et al. (31) found that older adults who rated the quality
of the area (access to facilities) as higher were more likely to rate
their quality of life as very good. Sugiyama et al. (32) found that
the distance to neighborhood open space is correlated with life
satisfaction (a major component of quality of life) of older adults
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FIGURE 1 | Conceptual model.

in Britain. Others have found poor pavements and problematic
traffic signals to be detractors (33, 34), whilst neighborhood
safety, and cleanliness have been pinpointed as community
contributors to quality of life of older adults (34).

The WHO defines health as “a state of complete physical,
mental and social well-being, and not merely the absence of
disease and infirmity” (35). Research has shown that physical
activity has positive effects on these aspects of health (36).
Some studies found that physical activity for transportation
is linked to decreased odds of hypertension, diabetes, and
cardiovascular disease (37, 38). Other studies showed that higher
leisure-time physical activity is associated with lower all-cause
mortality, cardiovascular disease mortality and cardiovascular
disease incidence (39), greater mental health (40, 41), and social
benefit (42).

Regarding socio-demographics, Zavras et al. (43) found that
men, individuals with higher education and those with higher
income have a higher probability to report better perceived
health. Lee and Shinkai (44) concluded that age and functional
disability are strongly associated with perceived health. With
regard to neighborhood characteristics, access to commercial or
public services, trash or litter, traffic, crime, social cohesion, and
social capital have been linked to self-reported health of older
adults (14, 15).

Participation in transport-related physical activities (e.g.,
walking for utilitarian purposes) is generally viewed as an
option for increasing overall physical activity levels of older
adults. In order to promote physical activity among older adults

through environmental interventions, a number of studies have
examined how neighborhood characteristics influence transport-
related physical activity. Research suggests that the availability
of or proximity to utilitarian destinations such as shops is an
important predictor of this type of physical activity (45, 46).
Physical activity has also extensively studied in relation to
socio-demographic characteristics in order to identify inactive
population in physical activity participation. O’Hern and Oxley
(47) found that the proportion of walking trips for transport
were significantly lower for older adults aged 754 compared
with younger elders. Nyunt et al. (48) reported that older adults
with better physical performances are more likely to have a
higher level of transportation physical activity. Menai et al. (49)
concluded that having a child under fourteen at home was
positively associated with walking for transport.

Leisure-time physical activities (e.g., walking for leisure)
can also be a substantial source of physical activity in older
adults. Beenackers et al. (50) systematically reviewed the
evidence pertaining to socioeconomic inequalities in leisure-
time physical activity. They concluded that those with a high
socioeconomic position were more physically active during
leisure time compared to those with a low socioeconomic
position. Al-Zalabani et al. (51) found that females showed a
higher prevalence of leisure-time physical inactivity compared
to males. Pettersson and Schmocker (52) indicated that older
elders tend to spend more time per day on the leisure-
time activities than the average for younger elders. With
regard to neighborhood environments, studies have shown
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significant associations between leisure-time physical activities
and neighborhood environmental attributes such as aesthetics
and access to recreational facilities (12, 53).

METHODS
Study Setting and Participants

The data used for this study were collected in diverse
neighborhoods in Dalian, China. The neighborhoods were
purposely selected from three location categories, namely, the
inner city, the fringe of the city and the area between the
inner city and the fringe, in order to have substantial variation
with respect to neighborhood environmental characteristics.
Then, in each area, residents aged 60 or older were approached
personally. Considering the fact that different older people
may have different preferences for outdoor activity locations
and the inclusion of such diverse older people is important
to capture a representative sample, participants were recruited
from different outdoor locations such as yards, streets, local
squares, parks, etc. The current study used a cross-sectional,
questionnaire-based design. Questionnaires were administrated
by interviewers. All interviewers were intensively trained prior
to survey implementation. Participant recruitment eligibility
criteria were: (a) consistent with the definition of older adults in
Chinese law, only respondents aged > 60 years were included; (b)
being able to communicate verbally; (c) having lived in our study
areas for at least 6 months; (d) being able to walk unassisted for at
least 10 m. Those who are eligible and agreed to participate were
asked to answer a series of questions about their weekly routine
outdoor activity behavior, socio-demographic characteristics, and
perceptions of neighborhood environments. Note that although
respondents were not approached at home, we believe that elders
who are physically inactive are not largely ignored in this study
except those who are bed-bound. Inactive Chinese older people
usually still go out for activities; however, they mainly conduct
sedentary activities around their residential buildings.

Between August and September 2017, a total of 391 surveys
were completed, out of which 28 were eliminated due to missing
information, inaccurate records or implausible responses, etc.
The final sample for analysis includes 363 individuals.

Measures

Measures of Self-Rated General Health and Overall
Quality of Life

To measure health, we used a five-point scale response to the
question: “How would you describe your present health status?”
The answers ranged from very poor (1) to very good (5). This
scale is commonly used as an indicator of general health status
in population surveys (54, 55). The measurement also has proven
to be stable and to associate strongly with more extensive health
scales (56). In the literature there are many quality of life
instruments, such as the World Health Organization Quality
of Life assessment (WHOQOL-100) with 100 items with six
domains (57), the WHOQOL-BREF—a short version of the
WHOQOL-100—with 26 items with four domains (58), the
Assessment of Quality of Life (AQoL) with 15 items with five
domains (59), and the Finish 15D with 15 items representing

15 dimensions, etc. (60). They are valid for measuring quality of
life, however, these scales are time-consuming and burdensome
for respondents. It may be prohibitive to include a long list of
questions on quality of life in an already extensive questionnaire
just like in this study. A reliable and valid single-item global
quality of life scale is desirable because of its brevity. Given
the abovementioned consideration, a single-item measure was
adopted from the WHOQOL-BREF. Specifically, respondents
were asked to respond (very poor; poor; neither poor nor good;
good; very good) to the following question: “How would you rate
your overall quality of life?”

Measures of Physical Activity Levels

Regarding routine outdoor activity behaviors, an interviewer-
administered questionnaire involving a 7-day recall was used.
In the questionnaire, detailed information was gathered about
each activity episode. This information includes the start time,
origin, destination, travel mode, trip duration, and duration
of the activity episode, etc. For further details about the data
collection procedure, we refer to Liu et al. (61).

The weekly total domain-specific physical activity levels
were calculated by summing the levels of each domain-specific
physical activity episode which was calculated by multiplying
intensity and duration. The intensity of all physical activities
was not collected during the survey. Instead, each type-specific
physical activity was assigned a metabolic equivalent of task
(MET) value indicating its intensity, according to the 2011
compendium of physical activities (62).

Measures of Socio-Demographic and Neighborhood
Characteristics

Data on gender, age, education level, income level, household
composition, and physical ability were obtained using a socio-
demographic questionnaire. To measure participants’ physical
limitations, they were asked to respond (not at all; a little;
a moderate amount; very much; an extreme amount) to the
following question: “T'o what extent has your physical capability
hindered you from engaging in routine outdoor activities.”
A following questionnaire was used to ask participants to
evaluate their local area by responding to questions concerning
various environmental characteristics. The questionnaire on
neighborhood characteristics in this study drew on validated
instruments reported by Cerin et al. (63) and SIP 4-99
Research Group (64) and was finalized after a pilot survey.
The subscales include the following: accessibility to local shops,
footpath conditions, neighborhood aesthetics, traffic safety,
crime safety, social capital, and social cohesion. To measure
accessibility to local shops, respondents were asked to report
their perceived distance to their most known or frequently
visited shopping place using the duration in minutes. Regarding
footpath conditions, neighborhood aesthetics, traffic safety and
crime safety, respondents were asked to indicate their degree of
satisfaction with each one on a five-point Likert scale. To measure
social capital and social cohesion, the following questions were
used: (a) How many people in your neighborhood do you
know well-enough to talk with (five categories from very few
to quite a lot); (b) How do you rate the social relations with
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your neighbors (five categories from very poor to very good). In
addition, distance to the nearest park was objectively measured in
meters using ArcGIS combined with Baidu Map, using network
distances. This measure was skewed, so the natural log (In)-
transformed version was used in the statistical model.

Statistical Analyses

General descriptive statistics were used to explore the variables.
To simultaneously analyze the relationships between socio-
demographics, neighborhood characteristics, leisure-time
physical activity levels, transport-related physical activity levels,
general health and quality of life, a path analysis was used.
Path analysis is a special case of structural equation modeling
(SEM). With this method, a set of equations can be computed
simultaneously. The model can have several endogenous
variables, which can be functions of the exogenous variables
and of other endogenous variables. Whereas, SEM can deal with
latent variables, path analysis only includes measured variables.
In this study, we use path analysis because all the variables
in our model are observed characteristics or behavior. The
model was estimated using Mplus 6.1. Because the variables
used in this model are non-normal, we used the mean-adjusted
maximum likelihood method which is considered to be robust to
non-normality (65).

RESULTS

Sample Characteristics

Table 1 shows the descriptive statistics and the definitions of the
variables that are relevant for this study. The sample contains
slightly more females than males. About thirty-seven percent
of the respondents are aged 75 years or older. We made a
distinction between younger seniors (<75) and older seniors
(754), because the health of people often starts to decline at an
age of 75 (66). Thirty-eight percent of the respondents have high
education and 9.4% have severe physical limitations. Households
with grandchildren make up 19.6% of the sample.

Path Analyses

Table 2 shows the goodness-of-fit statistics of the model. Rules
of thumb suggest that for correct models, the value of the root
mean square error of approximation (RMSEA) (67) should be
smaller than 0.05 or the standardized root mean square residual
(SRMR) (68) smaller than 0.08. Our model has a RMSEA of 0.005
and a SRMR of 0.031. Another goodness-of-fit measure is the
Comparative Fit Index (CFI) (69) or the Incremental Fit Index
(IFI) (70), which should be larger than 0.95. Our model has a CFI
of 0.999 and an IFI of 0.998. Overall, Table 2 suggests that the
model provides an adequate fit of the data.

Table 3 shows the standardized coefficients of direct and total
effects of the model. The total effects are the direct effects (X
causes Y) plus indirect effects (X causes Z, which in turn causes
Y). The direct effects of the explanatory variables are shown in
Figure 2.

TABLE 1 | Descriptive statistics of the sample (N = 363 respondents).

Characteristics

Endogenous variables
Overall quality of life (M & SD)
General health status (M £+ SD)

Leisure-time physical activity levels (MET-min-wk~")
(Med; Q1-Q3)

Travel-related physical activity levels (MET-min-wk~")
(Med; Q1-Q3)
Explanatory variables

3.67 £0.535
3.45 £ 0.665
2,166.0 (1,310.9; 3,129.0)

802.0 (456.0; 1,347.0)

Socio-Demographic characteristics

Male (1 if true, O otherwise) (%) 47.7
Aged 75 years or older (1 if true, O otherwise) (%) 36.9
High education (1 if high school or higher, O otherwise) 38.0
(%)

Severe physical limitations (1 if true, O otherwise) (%) 9.4
Presence of grandchildren under 12 in household (1 if 19.6

true, O otherwise) (%)
Neighborhood characteristics
Live in the inner city (1 if true, O otherwise) (%) 35.0

High accessibility to local shops (1 if <10min, O 73.6
otherwise) (%)

Ln distance to the nearest park (M &+ SD) 71+£07

Satisfied with neighborhood aesthetics (1 if true, O 47.4
otherwise) (%)

Satisfied with footpath conditions (1 if true, O 84.8
otherwise) (%)

Satisfied with traffic safety (1 if true, O otherwise) (%) a7.7
Satisfied with crime safety (1 if true, O otherwise) (%) 70.8

High social capital (1 if with a lot of friends or 41.0
neighbors) (%)

Good social cohesion (1 if true, O otherwise) (%) 73.8

TABLE 2 | Goodness-of-fit of the model.

Number of free parameters 28

0.005
0.000; 0.042
0.987
0.031
0.999
0.998

Root mean square error of approximation (RMSEA)
90% confidence interval for RMSEA

Probability RMSEA < 0.05

Standardized root mean square residual (SRMR)
Comparative fit index (CFl)

Incremental fit index (IFI)

Effects of Explanatory Variables on Quality of Life

Four explanatory variables are found to have a significant direct
effect on quality of life. First, high education is associated
with better self-rated quality of life. It also has a significant
indirect and positive impact on quality of life through leisure-
time physical activity levels (as the first mediator) and general
health (as the second mediator). Second, older people living in
the inner city have a higher level of quality of life than those
living outside the inner city. Third, neighborhood aesthetics
and traffic safety are found to have a positive effect on
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TABLE 3 | Path analysis model estimates (standardized effects).

From To
Quality of life General health Leisure-time physical Travel-related
activity levels physical activity levels
Direct Total Direct Total Direct Total Direct Total

Effects between the endogenous variables

General health 0.127** 0.127*

Leisure-time physical activity levels 0.008* 0.064** 0.064**

Effects of explanatory variables

Male 0.245* 0.245**

Aged 75 years or older —0.525"* —0.5625"*

High education 0.157*** 0.160*** 0.021* 0.333*** 0.333**

Physical limitations —0.059*** —0.463*** —0.463***

Presence of grandchildren 0.197* 0.197* 0.800*** 0.800***

Live in the inner city 0.135" 0.135"

Accessibility to local shops —0.459*** —0.459***

Neighborhood aesthetics 0.173"* 0.190"* 0.126** 0.126™

Traffic safety 0.122* 0.154* 0.249"** 0.249**

Social capital 0.003* 0.027** 0.419** 0.419*

*P <0.10, P < 0.05, *™P < 0.01.

quality of life. Meanwhile, their associations with quality of
life via general health are also significant and positive. No
direct significant relationships are found between gender, age,
physical limitations, presence of grandchildren, and quality of
life. There are also no direct significant relationships between
accessibility to local shops, distance to the nearest park, footpath
conditions, crime safety, social cohesion, social capital, and
quality of life. However, physical limitations indirectly affect
quality of life through general health and social capital has a weak
indirect impact on quality of life through leisure-time physical
activity levels (as the first mediator) and general health (as the
second mediator).

Effects of Explanatory Variables on General Health
Physical limitations have a negative effect on general health.
The presence of grandchildren in the household is associated
with good perceived general health. No direct significant
relationships are found between gender, age, education, and
general health. However, older males have indirect relation
with general health through leisure-time physical activity levels.
The effects of neighborhood characteristics on general health
show that older adults who are satisfied with neighborhood
aesthetics are more likely to perceive their general health as
good. There is also a significant and positive relationship
between satisfaction with traffic safety and general health.
No direct significant relationships between accessibility to
local shops, distance to the nearest park, footpath conditions,
crime safety, social capital, social cohesion, and general health
are found. However, social capital could have an indirect
relation with general health through leisure-time physical
activity levels.

Effects of Explanatory Variables on Physical Activity
Levels

Regarding the effects of socio-demographic characteristics on
physical activity levels, the results show that males on average
achieved higher leisure-time physical activity levels compared
to females. However, there is no significant gender difference
in transport-related physical activity levels. The 75+ age group
tends to have lower transport-related physical activity levels.
Older adults with high education are more likely to achieve
higher leisure-time physical activity levels. The presence of
grandchildren in the household is associated with higher levels
of transport-related physical activity levels.

With respect to neighborhood characteristics, the results
indicate that individuals who perceive accessibility to local shops
as under 10 min tend to have lower transport-related physical
activity levels. This is counter-intuitive since one would expect a
positive effect. The result may be explained by the fact that higher
accessibility to local shops seems to be positively associated with
frequency of participation in shopping activity but negatively
associated with the duration of active travel per trip, and
thus the total effects of higher accessibility to local shops on
weekly transport-related physical activity levels may be negative.
Distance to the nearest park, footpath conditions, neighborhood
aesthetics, traffic safety, crime safety, and social cohesion are
unrelated to leisure-time and transport-related physical activity
levels. Regarding social capital, a positive effect on the levels of
leisure-time physical activity is found.

Effects Between the Endogenous Variables

As expected, general health is positively associated with overall
quality of life. Transport-related physical activity levels turn out
to be negatively related to quality of life. This is probably due
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FIGURE 2 | Significant direct effects.

to the fact that many older adults consider frequent household  physical activity levels tiresome and burdensome and thus rate
activities such as daily shopping and fetching grandchildren  their quality of life as poor. Leisure-time physical activity levels
to/from schools which contribute to more transport-related  have a positive effect on general health, however, the impact
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of transport-related physical activity levels is non-significant.
Although leisure-time physical activity levels have no relation
with quality of life, it affects quality of life indirectly through
general health.

DISCUSSION

With the aging trend of the world population, how to
maintain and improve older adults’ health and quality of life
has been an important issue. Existing studies in the field
of public health, urban planning and transportation suggest
that neighborhood characteristics, physical activity, and socio-
demographic characteristics can affect older adults’ health and
quality of life. However, these studies primarily focus on
partial and discipline-specific issues and bivariate relationships
between these factors. By bringing these factors together
into a more comprehensive framework, we examined the
direct and indirect relationships between socio-demographics,
neighborhood characteristics, physical activity, health, and
quality of life. Although previous research has found a
relationship between leisure-time physical activity and quality of
life (25, 26), it is unclear whether the relationship is direct or
mediated. Our results indicate that leisure-time physical activity
levels can promote quality of life through affecting older adults’
perception of health. However, leisure-time physical activity did
not have a direct effect on quality of life. This finding moves
the field of quality of life forward by providing insights into
the mediating role of general health in the relationship between
leisure-time physical activity and quality of life. Moreover,
the study confirmed direct relationships between neighborhood
characteristics such as neighborhood aesthetics and traffic safety
and health as well as quality of life. However, the effect
of neighborhood characteristics on health and quality of life
through transport-related physical activity levels was not found.
This result was not in line with previous findings showing that
transport-related physical activity was associated with health and
quality of life (27, 37, 38). The variation in finding may be
attributed to the fact that transport-related physical activity levels
in the current study did not have enough variability to have any
meaningful relationship with the participants’ health and quality
of life.

Regarding socio-demographic characteristics, the results
indicate that older adults with high education and older males
are more likely to achieve higher levels of leisure-time physical
activity which contribute to better health. This is in line with
the existing literature showing a positive relationship between
education, male and leisure-time physical activity levels (71) and
a positive relationship between levels of leisure-time physical
activity and health (72). Physical limitations are negatively
associated with self-rated health. This is consistent with Lee
and Shinkai (44) who found a negative relationship between
physical limitations and self-rated health. Moreover, we found
that physical limitations can affect quality of life indirectly via
general health. These findings suggest that physical limitations
are a very important factor which has a special significance for
older adults in maintaining their health and quality of life. In

line with previous research (48), the presence of grandchildren
is found to have a positive effect on transport-related physical
activity levels and health. However, we did not find the mediating
role of transport-related physical activity levels in the relationship
between the presence of grandchildren and general health. This
suggests that there might be other pathways through which
the presence of grandchildren relates to older adults’ health.
In addition, we found that the indirect negative effect of the
presence of grandchildren on quality of life through transport-
related physical activity levels offsets the beneficial relationship
between the presence of grandchildren and quality of life
through health.

With respect to neighborhood characteristics, the factors
distance to the nearest park, neighborhood aesthetics, footpath
conditions, traffic safety, and crime safety were all unrelated
to leisure-time and transport-related physical activity. This is
in contrast with many previous studies conducted in Western
countries (44, 45, 52, 73). The fact that we could not identify
significant relationships between neighborhood characteristics
and leisure-time as well as transport-related physical activity
might result from three possible explanations. First, Chinese
older adults value an active lifestyle (74, 75), which may
weaken the influences of neighborhood characteristics on
physical activity and thus lead to a null association between
several neighborhood characteristics and leisure-time as well
as transport-related physical activity levels. Second, we used
subjective measures of neighborhood characteristics. However,
individuals who are physically inactive may have similar
environmental ratings of the different place of residence with
those who are physically active. Specifically, some people who
physically active are satisfied with a neighborhood which
supports physical activity, while others who are physically
inactive may be also satisfied with a neighborhood which does
not support physical activity well, as their satisfaction level
on a neighborhood may be not related to the neighborhood
itself but to their requirements for a neighborhood. Therefore,
there was actually little variation in subjective measures of
neighborhood characteristics which may lead to insignificant
associations. Third, this study focused on the relationship
between neighborhood characteristics and the different domains
of physical activity, however, physical activity in the same domain
(e.g., leisure walking and line dancing) may occur indifferent
contexts and mismatch between where physical activity takes
place and where environmental attributes are measured may also
result in null findings.

In addition, we found that neighborhood aesthetics and traffic
safety are positively associated with health and quality of life.
This is in line with earlier findings (31, 76, 77). However,
the intermediate roles of leisure-time and transport-related
physical activity level in the relationship between neighborhood
characteristics and traffic safety and health and quality of life were
not observed. This suggests that there might be other pathways
through which neighborhood aesthetics and traffic safety relate
to health and quality of life. Consistent with Lindstréom et al.
(78), social capital is found to relate to leisure-time physical
activity levels. Moreover, when the intermediate role of leisure-
time physical activity levels is considered, the influence of social
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capital on health and quality of life changes from insignificant
to significant. The finding enhances our understanding of the
significant intermediate role of leisure-time physical activity level
in the relationship between social capital and health and quality
of life.

The findings of this study have several implications policies
and practices regarding healthy aging. First, given the finding
that only leisure-time instead of transport-related physical
activity levels have positive effects on health and quality
of life, it is crucial for health professionals, planners and
designers to pay more attention to the development of
interventions which maintain and promote leisure-time physical
activity levels. Second, given the positive association of social
capital with leisure-time physical activity levels in the present
study, interventions to increase social capital hold promise
for enhancing older adults’ health and quality of life. For
example, local communities could foster opportunities for
higher social capital through the hosting of gatherings that
allow for frequent interactions and increased familiarity and
connections between neighbors. Third, even though several
neighborhood characteristics such as neighborhood aesthetics
and traffic safety contribute nothing to health and quality
of life through physical activity levels, interventions that
improve residents’ perceptions of neighborhood aesthetics and
traffic safety should be emphasized, because these were two
significant and direct correlates of health and quality of life.
In addition to physical aspects of the neighborhood, the
social aspects of the neighborhood such as social capital also
play an important role in older adults’ health and quality
of life.

Several limitations of the study should be noted. First, the
measures of physical activity relied on self-reports which are
often subject to recall bias. However, as we used a guided memory
technique in which interviewees are encouraged to think of their
typical week as a continuous series of episodes in a film and then
to answer structured questions about each episode in chronologic
order and this technique has been shown to be beneficial to
provide a more accurate recall (79), we feel the recall bias is
small. Second, the measures of physical activities were collected
in August and September rather than collected across four
seasons. However, there might be seasonal variation in elderly’s
physical activities. Future research should explore seasonal effects
on physical activity in this population and examine whether
the results of this study could be generalized to other seasons.
Third, this study did not account for neighborhood self-selection
issue. It is possible that older adults may choose to live in
neighborhoods that have characteristics suited to their preference
for walking. However, our study is little affected by this self-
selection issue, as Chinese older adults, affected by Chinese
traditional culture, often think about distance from relatives,
friends and former coworkers, distance from the hospital and
distance from daily shopping in choosing a residential location,
on the premise of affordable (80). In other words, Chinese

individuals rarely consider whether a neighborhood is conducive
to walking in choosing a residential location. Even for individuals
with a preference for walking, this factor is not considered to be a
priority. Moreover, research has demonstrated that self-selection
is insignificant on affecting walking of Chinese older adults (81).
Finally, we used a single-item scale of quality of life, which may
have some impacts on the results, since quality of life is often
considered as a multidimensional concept. However, the use of a
single-item quality of life scale is essential in the present study in
order to reduce respondent burden and thereby increase response
rates. Future research is needed to develop and validate a concise
multidimensional scale of quality of life.

CONCLUSIONS

To our knowledge this study represents one of few studies
that systematically examine the structural relationships
between neighborhood  characteristics, transport-related
and leisure-time physical activity, health, and quality of life.
The results suggest that transport-related physical activity
did not play a mediating role in the relationship between
neighborhood characteristics and health as well as quality of life.
However, social capital can promote health and quality of life
through stimulating leisure-time physical activity among older
adults. Neighborhood characteristics also have a direct role in
promoting healthy aging. The study results suggest priorities
for leisure-time physical activity interventions to promote
healthy aging.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. The patients/participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

Material preparation, data collection, and analysis were
performed by ZL. The first draft of the manuscript was written
by ZL. All authors commented on previous versions of the
manuscript, contributed to the study conception and design, and
have read and approved the final manuscript.

FUNDING

This work was partly supported by the China Postdoctoral
Science Foundation (2021M690003).

Frontiers in Public Health | www.frontiersin.org

November 2021 | Volume 9 | Article 783510


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Liu et al.

Older Adults’ Physical Activity

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Nelson ME, Rejeski W], Blair SN, Duncan PW, Judge JO, King AC, et al.

Physical activity and public health in older adults: recommendation from the
American college of sports medicine and the American heart association. Med
Sci Sports Exerc. (2007) 39:1435-45. doi: 10.1249/mss.0b013e3180616aa2

. Strawbridge WJ, Deleger S, Roberts RE, Kaplan GA. Physical activity reduces

the risk of subsequent depression for older adults. Am ] Epidemiol. (2002)
156:328-34. doi: 10.1093/aje/kwf047

. Buchman AS, Yu L, Boyle PA, Shah RC, Bennett DA. Total daily physical

activity and longevity in old age. Arch Intern Med. (2012) 172:444-
6. doi: 10.1001/archinternmed.2011.1477

. Carlson JA, Sallis JE Conway TL, Saelens BE, Frank LD, Kerr ],

et al. Interactions between psychosocial and built environment factors
in explaining older adults’ physical activity. Prev Med. (2012) 54:68-
73. doi: 10.1016/j.ypmed.2011.10.004

. Cerin E, Zhang CJP, Barnett A, Sit CHP, Cheung MMC, Johnston JM, et al.

Associations of objectively-assessed neighborhood characteristics with older
adults’ total physical activity and sedentary time in an ultra-dense urban
environment: findings from the ALECS study. Health Place. (2016) 42:1-
10. doi: 10.1016/j.healthplace.2016.08.009

. Owen N, Leslie E, Salmon J, Fotheringham M]J. Environmental determinants

of physical activity and sedentary behavior. Exerc Sport Sci Rev.
(2000) 28:153-8.

. Chaudhury H, Campo M, Michael Y, Mahmood A. Neighbourhood

environment and physical activity in older adults. Soc Sci Med. (2016)
149:104-13. doi: 10.1016/j.socscimed.2015.12.011

. Clark AF, Scott DM. Does the social environment influence active travel?

An investigation of walking in Hamilton, Canada. J Transp Geogr. (2013)
31:278-85. doi: 10.1016/j.jtrangeo.2013.06.005

. Giles-Corti B, Donovan R]J. Socioeconomic status differences in recreational

physical activity levels and real and perceived access to a supportive
physical environment. Prev Med. (2002) 35:601-11. doi: 10.1006/pmed.2002.
1115

Leung KM, Chung PK, Wang D, Liu JD. Impact of physical and
social environments on the walking behaviour of Hong Kongs older
adults. J Transp Health. (2018) 9:299-308. doi: 10.1016/j.jth.2018.
03.002

Cerin E, Nathan A, van Cauwenberg J, Barnett DW, Barnett A. The
neighbourhood physical environment and active travel in older adults: a
systematic review and meta-analysis. Int ] Behav Nutr Phys Act. (2017)
14:1-23. doi: 10.1186/s12966-017-0471-5

Van Cauwenberg ], Nathan A, Barnett A, Barnett DW, Cerin E.
Relationships between neighbourhood physical environmental attributes
and older adults’ leisure-time physical activity: a systematic review and
meta-analysis. Sport Med. (2018) 48:1635-60. doi: 10.1007/s40279-018-
0917-1

Hartig T, Mitchell R, de Vries S, Frumkin H.
and  health. Annu  Rev  Public  Health. (2014)
28. doi: 10.1146/annurev-publhealth-032013-182443

Andrew MK. Social capital, health, and care home residence among older
adults: a secondary analysis of the health survey for England 2000. Eur J
Ageing. (2005) 2:137-48. doi: 10.1007/s10433-005-0031-8

Schieman S, Meersman SC. Neighborhood problems and health among
older adults: received and donated social support and the sense of mastery
as effect modifiers. ] Gerontol Ser B Psychol Sci Soc Sci. (2004) 59:S89-
97. doi: 10.1093/geronb/59.2.589

Sugiyama T, Leslie E, Giles-Corti B, Owen N. Associations of
neighbourhood greenness with physical and mental health: do walking,
social coherence and local social interaction explain the relationships?
J Epidemiol Community Health. (2008) 62:¢9. doi: 10.1136/jech.2007.
064287

De Vries S, van Dillen SME, Groenewegen PP, Spreeuwenberg P. Streetscape
greenery and health: stress, social cohesion and physical activity as mediators.
Soc Sci Med. (2013) 94:26-33. doi: 10.1016/j.socscimed.2013.06.030

Maas ], Verheij RA, Spreeuwenberg P, Groenewegen PP. Physical
activity as a possible mechanism behind the relationship between green

Nature
35:207-

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

space and health: a multilevel analysis. BMC Public Health. (2008)
8:206. doi: 10.1186/1471-2458-8-206

Van Cauwenberg J, De Bourdeaudhuij I, De Meester F, Van Dyck D, Salmon J,
Clarys P, et al. Relationship between the physical environment and physical
activity in older adults: a systematic review. Health Place. (2011) 17:458-
69. doi: 10.1016/j.healthplace.2010.11.010

Pavot W, Diener E. Review of the satisfaction with life scale. Psychol Assess.
(1993) 5:164-72. doi: 10.1037/1040-3590.5.2.164

Xavier FMF, Ferraz MPT, Marc N, Escosteguy NU, Moriguchi EH. Elderly
people’s definition of quality of life. Rev Bras Psiquiatr. (2003) 25:31-
9. doi: 10.1590/S1516-44462003000100007

Roberto KA, Gigliotti CM, Husser EK. Older women’s experiences with
multiple health conditions: daily challenges and care practices. Health Care
Women Int. (2005) 26:672-92. doi: 10.1080/07399330500177147

Low G, Molzahn AE, Schopflocher D. Attitudes to aging mediate
the relationship between older peoples subjective health and
quality of life in 20 countries. Health Qual Life Outcomes. (2013)
11:146. doi: 10.1186/1477-7525-11-146

Guedes DP, Hatmann AC, Martini FAN, Borges MB, Bernardelli R. Quality of
life and physical activity in a sample of Brazilian older adults. ] Aging Health.
(2012) 24:212-26. doi: 10.1177/0898264311410693

Barradas SC, Finck Barboza C, Sarmiento OL. Differences between
leisure-time physical activity, health-related quality of life and life
satisfaction: Al Ritmo de las comunidades, a natural experiment from
Colombia. Glob Health Promot. (2019) 26:5-14. doi: 10.1177/1757975917
703303

Pucci G, Reis RS, Rech CR, Hallal PC. Quality of life and physical activity
among adults: population-based study in Brazilian adults. Qual Life Res.
(2012) 21:1537-43. doi: 10.1007/s11136-011-0083-5

Adamos G, Nathanail E, Theodoridou P, Tsolaki T. Investigating the effects
of active travel in health and quality of life. Transp Telecommun J. (2020)
21:221-30. doi: 10.2478/tj-2020-0018

Juraki¢ D, Pedisi¢ Z, Greblo Z. Physical activity in different domains and
health-related quality of life: a population- based study. Qual Life Res. (2010)
19:1303-9. doi: 10.1007/s11136-010-9705-6

von Humboldt S, Leal I, Pimenta F. Living well in later life: the influence
of sense of coherence, and socio-demographic, lifestyle and health-related
factors on older adults’ satisfaction with life. Appl Res Qual Life. (2014)
9:631-42. doi: 10.1007/s11482-013-9262-6

Onishi ], Masuda Y, Suzuki Y, Gotoh T, Kawamura T, Iguchi A.
The pleasurable recreational activities among community-dwelling older
adults. Arch Gerontol Geriatr. (2006) 43:147-55. doi: 10.1016/j.archger.2005.
10.003

Bowling A, Banister D, Sutton S, Evans O, Windsor J. A multidimensional
model of the quality of life in older age. Aging Ment Heal. (2002) 6:355-
71. doi: 10.1080/1360786021000006983
Sugiyama T, Ward Thompson C, Alves
neighborhood open space attributes and quality of life for older people
in Britain. Environ Behav. (2009) 41:3-21. doi: 10.1177/0013916507
311688

Hanson D, Emlet CA. Assessing a community’s elder friendliness: a case
example of the advantage initiative. Farn Community Health. (2006) 29:266-
78. doi: 10.1097/00003727-200610000-00005

Richard L, Laforest S, Dufresne F, Sapinski J. The quality of life of older adults
living in an urban environment: professional and lay perspectives. Can ] Aging.
(2005) 24:19-30. doi: 10.1353/¢ja.2005.0011

World Health Organization. Basic Documents. 48th ed. (2019). Available
online at: https://apps.who.int/iris/handle/10665/151605 (accessed November
2,2019).

Stathi A, Fox KR, McKenna J]. Physical activity and dimensions of
subjective well-being in older adults. J Aging Phys Act. (2002) 10:76-
92. doi: 10.1123/japa.10.1.76

Hamer M, Chida Y. Active commuting and cardiovascular risk: a meta-
analytic review. Prev Med. (2008) 46:9-13. doi: 10.1016/j.ypmed.2007.03.006
Furie GL, Desai MM. Active transportation and
disease risk factors in U.S. adults. Am | Prev
43:621-8. doi: 10.1016/j.amepre.2012.06.034

S. Associations between

cardiovascular
Med. (2012)

Frontiers in Public Health | www.frontiersin.org

November 2021 | Volume 9 | Article 783510


https://doi.org/10.1249/mss.0b013e3180616aa2
https://doi.org/10.1093/aje/kwf047
https://doi.org/10.1001/archinternmed.2011.1477
https://doi.org/10.1016/j.ypmed.2011.10.004
https://doi.org/10.1016/j.healthplace.2016.08.009
https://doi.org/10.1016/j.socscimed.2015.12.011
https://doi.org/10.1016/j.jtrangeo.2013.06.005
https://doi.org/10.1006/pmed.2002.1115
https://doi.org/10.1016/j.jth.2018.03.002
https://doi.org/10.1186/s12966-017-0471-5
https://doi.org/10.1007/s40279-018-0917-1
https://doi.org/10.1146/annurev-publhealth-032013-182443
https://doi.org/10.1007/s10433-005-0031-8
https://doi.org/10.1093/geronb/59.2.S89
https://doi.org/10.1136/jech.2007.064287
https://doi.org/10.1016/j.socscimed.2013.06.030
https://doi.org/10.1186/1471-2458-8-206
https://doi.org/10.1016/j.healthplace.2010.11.010
https://doi.org/10.1037/1040-3590.5.2.164
https://doi.org/10.1590/S1516-44462003000100007
https://doi.org/10.1080/07399330500177147
https://doi.org/10.1186/1477-7525-11-146
https://doi.org/10.1177/0898264311410693
https://doi.org/10.1177/1757975917703303
https://doi.org/10.1007/s11136-011-0083-5
https://doi.org/10.2478/ttj-2020-0018
https://doi.org/10.1007/s11136-010-9705-6
https://doi.org/10.1007/s11482-013-9262-6
https://doi.org/10.1016/j.archger.2005.10.003
https://doi.org/10.1080/1360786021000006983
https://doi.org/10.1177/0013916507311688
https://doi.org/10.1097/00003727-200610000-00005
https://doi.org/10.1353/cja.2005.0011
https://apps.who.int/iris/handle/10665/151605
https://doi.org/10.1123/japa.10.1.76
https://doi.org/10.1016/j.ypmed.2007.03.006
https://doi.org/10.1016/j.amepre.2012.06.034
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Liu et al.

Older Adults’ Physical Activity

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Barengo NC, Antikainen R, Borodulin K, Harald K, Jousilahti P. Leisure-
Time physical activity reduces total and cardiovascular mortality and
cardiovascular disease incidence in older adults. ] Am Geriatr Soc. (2017)
65:504-10. doi: 10.1111/jgs.14694

Harbour VJ, Behrens TK, Kim HS, Kitchens CL. Vigorous physical activity
and depressive symptoms in college students. ] Phys Act Heal. (2008) 5:516—
26. doi: 10.1123/jpah.5.4.516

Bray SR, Born HA. Transition to university and vigorous physical activity:
implications for health and psychological well-being. ] Am Coll Health. (2004)
52:181-8. doi: 10.3200/JACH.52.4.181-188

Vankim NA, Nelson TF. Vigorous physical activity, mental health, perceived
stress, and socializing among college students. Am J Heal Promot. (2013)
28:7-15. doi: 10.4278/ajhp.111101-QUAN-395

Zavras D, Tsiantou V, Pavi E, Mylona K, Kyriopoulos J. Impact of economic
crisis and other demographic and socio-economic factors on self-rated health
in Greece. Eur ] Public Health. (2013) 23:206-10. doi: 10.1093/eurpub/cks143
Lee Y, Shinkai S. A comparison of correlates of self-rated health and functional
disability of older persons in the far east: Japan and Korea. Arch Gerontol
Geriatr. (2003) 37:63-76. doi: 10.1016/S0167-4943(03)00021-9

Pikora TJ, Giles-Corti B, Knuiman MW, Bull FC, Jamrozik K,
Donovan  RJ.  Neighborhood environmental factors  correlated
with walking near home. Med Sci Sport Exerc. (2006) 38:708-
14. doi: 10.1249/01.mss.0000210189.64458.f3

McCormack GR, Giles-Corti B, Bulsara M. The relationship between
destination proximity, destination mix and physical activity behaviors. Prev
Med. (2008) 46:33-40. doi: 10.1016/j.ypmed.2007.01.013

OHern S, Oxley J. Understanding travel patterns to
safe active transport for older adults. ] Transp Heal.
2:79-85. doi: 10.1016/j.jth.2014.09.016

Nyunt MSZ, Shuvo FK, Eng JY, Yap KB, Scherer S, Hee LM, et al. Objective
and subjective measures of neighborhood environment (NE): relationships
with transportation physical activity among older persons. Int ] Behav Nutr
Phys Act. (2015) 12:108. doi: 10.1186/s12966-015-0276-3

Menai M, Charreire H, Feuillet T, Salze P, Weber C, Enaux C, et al.
Walking and cycling for commuting, leisure and errands: relations with
individual characteristics and leisure-time physical activity in a cross-
sectional survey (the ACTI-Cités project). Int ] Behav Nutr Phys Act. (2015)
12:150. doi: 10.1186/512966-015-0310-5

Beenackers MA, Kamphuis CBM, Giskes K, Brug J, Kunst AE, Burdorf A,
et al. Socioeconomic inequalities in occupational, leisure-time, and transport
related physical activity among European adults: a systematic review. Int J
Behav Nutr Phys Act. (2012) 9:116. doi: 10.1186/1479-5868-9-116
Al-Zalabani AH, Al-Hamdan NA, Saeed AA. The prevalence of physical
activity and its socioeconomic correlates in Kingdom of Saudi Arabia: a cross-
sectional population-based national survey. J Taibah Univ Med Sci. (2015)
10:208-15. doi: 10.1016/j.jtumed.2014.11.001

Pettersson P, Schmdcker JD. Active ageing in developing countries?~Trip
generation and tour complexity of older people in Metro Manila. | Transp
Geogr. (2010) 18:613-23. doi: 10.1016/j.jtrangeo.2010.03.015

Hoehner CM, Brennan Ramirez LK, Elliott MB, Handy SL, Brownson
RC. Perceived and objective environmental measures and physical activity
among urban adults. Am ] Prev Med. (2005) 28 (2 Supl. 2):105-
16. doi: 10.1016/j.amepre.2004.10.023

Lundberg O, Manderbacka K. Assessing reliability of a measure of self-rated
health. Scand ] Soc Med. (1996) 24:218-24. doi: 10.1177/140349489602400314
Manderbacka K, Lahelma E, Martikainen P. Examining the continuity of
self-rated health. Int ] Epidemiol. (1998) 27:208-13. doi: 10.1093/ije/27.2.208
Shields M, Shooshtari S. Determinants of self-perceived health. Health Rep.
(2001) 13:35-52.

WHOQOL Group. World health organization quality of life assessment
(WHOQOL): development and general psychometric properties. Soc Sci Med.
(1998) 46:1569-85. doi: 10.1016/S0277-9536(98)00009-4

WHOQOL Group. Development of the world health organization
WHOQOL-BREF quality of life assessment. Psychol Med. (1998)
28:551-8. doi: 10.1017/50033291798006667

Hawthorne G, Richardson ], Osborne R. The assessment of quality of life
(AQoL) instrument: a psychometric measure of health-related quality of life.
Qual Life Res. (1999) 8:209-24. doi: 10.1023/A:1008815005736

support
(2015)

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Sintonen H. The 15D-measure of health-related quality of life. In: II
Feasibility, Reliability and Validity of its Valuation System. Melbourne, VIC:
National Centre for Health Program Evaluation, Working Paper (1995).

Liu Z, Kemperman A, Timmermans H, Yang D. Heterogeneity in physical
activity participation of older adults: a latent class analysis. ] Transp Geogr.
(2021) 92:102999. doi: 10.1016/j.jtrangeo.2021.102999

Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR,
Tudor-Locke C, et al. 2011 compendium of physical activities: a second
update of codes and MET values. Med Sci Sports Exerc. (2011) 43:1575-
81. doi: 10.1249/MSS.0b013e31821ecel2

Cerin E, Sit CH, Cheung M, Ho S, Lee L], Chan W. Reliable and valid NEWS
for Chinese seniors: measuring perceived neighborhood attributes related to
walking. Int ] Behav Nutr Phys Act. (2010) 7:84. doi: 10.1186/1479-5868-7-84
SIP 4-99 Research Group. Environmental Supports for Physical Activity
Questionnaire (2019). Available online at: http://bel.uqtr.ca/id/eprint/
3220/1/Environmental%20supports%20for%20physical%20activity
%20questionnaire.pdf (accessed November 10, 2019).

Muthén LK, Muthén BO. Mplus User’s Guide: Statistical Analysis With Latent
Variables. 8th edn. Los Angeles, CA: Muthén & Muthén (2017).

Alsnih R, Hensher DA. The mobility and accessibility expectations of seniors
in an aging population. Transp Res Part A Policy Pract. (2003) 37:903-
16. doi: 10.1016/S0965-8564(03)00073-9

Steiger JH, Lind C. Statistically based tests for the number of common factors.
In: Annual Meeting of the Psychometric Society. Towa City, IA (1980).

Bentler PM. EQS 6 Structural Equations Program Manual. Encino, CA:
Multivariate Software, Inc (2006).

Bentler PM. Comparative fit indexes in structural models. Psychol Bull. (1990)
107:238-46. doi: 10.1037/0033-2909.107.2.238

Bollen KA. Structural Equations with Latent Variables. New York, NY: Wiley
(1989). doi: 10.1002/9781118619179

Hughes JP, McDowell MA, Brody DJ. Leisure-time physical activity among US
adults 60 or more years of age: results from NHANES 1999-2004. ] Phys Act
Health. (2008) 5:347-58. doi: 10.1123/jpah.5.3.347

Arem H, Moore SC, Patel A, Hartge P, Berrington De Gonzalez A, Visvanathan
K, et al. Leisure time physical activity and mortality: a detailed pooled
analysis of the dose-response relationship. JAMA Intern Med. (2015) 175:959-
67. doi: 10.1001/jamainternmed.2015.0533

Tsunoda K, Tsuji T, Kitano N, Mitsuishi Y, Yoon J-Y, Yoon J, et al.
Associations of physical activity with neighborhood environments and
transportation modes in older Japanese adults. Prev Med. (2012) 55:113-
8. doi: 10.1016/j.ypmed.2012.05.013

Belza B, Walwick J, Shiu-Thornton S, Schwartz S, Taylor M, LoGerfo J. Older
adult perspectives on physical activity and exercise: voices from multiple
cultures. Prev Chronic Dis. (2004) 1:A09.

Tan J, Ward L, Ziaian T. Experiences of chinese immigrants and anglo-
australians ageing in australia: a cross-cultural perspective on successful
ageing. ] Health Psychol. (2010) 15:697-706. doi: 10.1177/1359105310
368183

Day R. Local environments and older people’s health: dimensions from
a comparative qualitative study in Scotland. Heal Place. (2008) 14:299-
312. doi: 10.1016/j.healthplace.2007.07.001

Leslie E, Cerin E. Are perceptions of the local environment related to
neighbourhood satisfaction and mental health in adults? Prev Med. (2008)
47:273-8. doi: 10.1016/j.ypmed.2008.01.014

Lindstrém M, Hanson BS, Ostergren PO. Socioeconomic differences in
leisure-time physical activity: the role of social participation and social
capital in shaping health related behaviour. Soc Sci Med. (2001) 52:441-
51. doi: 10.1016/S0277-9536(00)00153-2

Kahneman D, Krueger AB, Schkade DA, Schwarz N, Stone AA.
A survey method for characterizing daily life experience: the day
reconstruction method. Science. (2004) 306:1776-80. doi: 10.1126/science.
1103572

Wang M, Yang Y, Jin S, Gu L, Zhang H. Social and cultural factors
that in fl uence residential location choice of urban senior citizens
in China - the case of Chengdu city. Habitat Int. (2016) 53:55-
65. doi: 10.1016/j.habitatint.2015.10.011

. Cheng L, Chen X, Yang S, Cao Z, De Vos J, Witlox F. Active

travel for active ageing in China: the role of built environment.

Frontiers in Public Health | www.frontiersin.org

November 2021 | Volume 9 | Article 783510


https://doi.org/10.1111/jgs.14694
https://doi.org/10.1123/jpah.5.4.516
https://doi.org/10.3200/JACH.52.4.181-188
https://doi.org/10.4278/ajhp.111101-QUAN-395
https://doi.org/10.1093/eurpub/cks143
https://doi.org/10.1016/S0167-4943(03)00021-9
https://doi.org/10.1249/01.mss.0000210189.64458.f3
https://doi.org/10.1016/j.ypmed.2007.01.013
https://doi.org/10.1016/j.jth.2014.09.016
https://doi.org/10.1186/s12966-015-0276-3
https://doi.org/10.1186/s12966-015-0310-5
https://doi.org/10.1186/1479-5868-9-116
https://doi.org/10.1016/j.jtumed.2014.11.001
https://doi.org/10.1016/j.jtrangeo.2010.03.015
https://doi.org/10.1016/j.amepre.2004.10.023
https://doi.org/10.1177/140349489602400314
https://doi.org/10.1093/ije/27.2.208
https://doi.org/10.1016/S0277-9536(98)00009-4
https://doi.org/10.1017/S0033291798006667
https://doi.org/10.1023/A:1008815005736
https://doi.org/10.1016/j.jtrangeo.2021.102999
https://doi.org/10.1249/MSS.0b013e31821ece12
https://doi.org/10.1186/1479-5868-7-84
http://bel.uqtr.ca/id/eprint/3220/1/Environmental%20supports%20for%20physical%20activity%20questionnaire.pdf
http://bel.uqtr.ca/id/eprint/3220/1/Environmental%20supports%20for%20physical%20activity%20questionnaire.pdf
http://bel.uqtr.ca/id/eprint/3220/1/Environmental%20supports%20for%20physical%20activity%20questionnaire.pdf
https://doi.org/10.1016/S0965-8564(03)00073-9
https://doi.org/10.1037/0033-2909.107.2.238
https://doi.org/10.1002/9781118619179
https://doi.org/10.1123/jpah.5.3.347
https://doi.org/10.1001/jamainternmed.2015.0533
https://doi.org/10.1016/j.ypmed.2012.05.013
https://doi.org/10.1177/1359105310368183
https://doi.org/10.1016/j.healthplace.2007.07.001
https://doi.org/10.1016/j.ypmed.2008.01.014
https://doi.org/10.1016/S0277-9536(00)00153-2
https://doi.org/10.1126/science.1103572
https://doi.org/10.1016/j.habitatint.2015.10.011
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Liu et al.

Older Adults” Physical Activity

J  Transp  Geogr. 76:142-52. doi:

03.010

(2019) 10.1016/j.jtrangeo.2019.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Liu, Kemperman and Timmermans. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Public Health | www.frontiersin.org

12

November 2021 | Volume 9 | Article 783510


https://doi.org/10.1016/j.jtrangeo.2019.03.010
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Influence of Neighborhood Characteristics on Physical Activity, Health, and Quality of Life of Older Adults: A Path Analysis
	Introduction
	Conceptual Framework
	Methods
	Study Setting and Participants
	Measures
	Measures of Self-Rated General Health and Overall Quality of Life
	Measures of Physical Activity Levels
	Measures of Socio-Demographic and Neighborhood Characteristics

	Statistical Analyses

	Results
	Sample Characteristics
	Path Analyses
	Effects of Explanatory Variables on Quality of Life
	Effects of Explanatory Variables on General Health
	Effects of Explanatory Variables on Physical Activity Levels
	Effects Between the Endogenous Variables


	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


