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A B S T R A C T   

In the context of rapid urbanization, public open spaces in dense urban areas are critical built environment 
elements to support active lifestyles. Several reviews have explored the associations of public open space at-
tributes with physically active and sedentary behavior. However, few reviews have included studies from Asia, 
and no studies have focused on dense urban areas. This systematic review analyzed 18 observational studies 
investigating associations between public open space attributes with physical activity and sedentary behavior in 
dense urban areas of East Asian countries, including Japan, Taiwan, China, and Hong Kong. We found that closer 
distance to and a greater number of public open spaces and features within them were positively associated with 
leisure-time physical activity. Places near water features and corridors within public open spaces were associated 
with more sedentary behavior. These findings inform landscape and urban design guidelines for (re)designing 
public open spaces to support active lifestyles in high dense urban areas.   

1. Introduction 

Urbanization is a prominent phenomenon occurring at fast rates 
worldwide, with the urban population rising rapidly from 30% in 1950 
to 55% in 2018 (United Nations, 2019). Projections show that this sce-
nario will continue for decades ahead (Angel et al., 2011), even though 
different regions of the world can expect different rates of growth 
(Bagan and Yamagata, 2014; Frolking et al., 2013; Zhang et al., 2018). 
The highest urbanization rates are in Asia (United Nations, 2019), with 
the East Asian region (such as Japan, Taiwan, China, Hong Kong, and 
South Korea) having the most extensive urban population (Angel et al., 
2016). Moreover, around 30% of the world’s megacities (cities popu-
lated by more than 10 million people) are in East Asia (United Nations, 
2018). 

East Asian countries are more compact and have a higher population 
density than most Western countries (Schneider et al., 2015). For 
example, the population density in Australia is 3.3 people/km2 

(Australian Bureau of Statistics, 2018), and in the United States, it is 
approximately 33.7 people/km2 (United States Census Bureau, 2010). In 
contrast, Taiwan’s population density is 652.1 people/km2 (National 
Statistics, 2020); in South Korea, it is 509 people/km2 (Statistics Korea, 
2016), and in Japan, it is 347 people/km2 (Statistics Bureau of Japan, 
2020). Specific East Asian locations also present higher population 
densities than in some areas within Western countries. Some examples 
are the Tokyo metropolitan area (Japan) with a population density of 
6169 people/km2 (Japanese Government Statistic, 2015), Hong Kong 
with 6940 people/km2 (The Government of the Hong Kong Special 
Administrative Region, 2019), and Taipei City (Taiwan) with an even 
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higher rate of 9918 people/km2 (Taipei City Government, 2016). In 
contrast, the population density in the Greater Melbourne area 
(Australia) is approximately 516 people/km2 (Australian Bureau of 
Statistics, 2021), and in the Houston metropolitan area (United States), 
the population density is approximately 289 people/km2 (Greater 
Houston Partnership, 2020; United States Census Bureau, 2010). 
Moreover, with a higher population density, East Asian cities generally 
have higher land use density resulting in more built-up areas (Glaeser 
and Gottlieb, 2009; Tian et al., 2014). Thus, considering that dense 
urban areas present fewer free outdoor public spaces, urbanization can 
dramatically impact urban inhabitants’ behaviors and health (Dye, 
2008). As urban population growth is estimated to continue, an under-
standing of these impacts is needed. 

The lack of free outdoor spaces can impact human well-being within 
cities. The burden of physical inactivity and the high prevalence of 
sedentary behavior are major public health concerns globally, and they 
are associated with many non-communicable diseases (Belanger and 
Foster, 2011). In 2016, around 30% of adults living in South-East Asia 
were physically inactive (World Health Organization, 2018). In this 
context, encouraging more physical activity in the daily life of people is 
a sustainable strategy to achieve a healthier lifestyle. Walkable spaces 
have played an important role in promoting daily walking because of the 
higher land use density and diversity in these areas (Hajna et al., 2015; 
McCormack et al., 2008). Furthermore, public open spaces (POS) can be 
a relevant built environmental setting to complement and further in-
crease physical activity among urban residents (Koohsari et al., 2015; 
Reyes-Riveros et al., 2021). There is growing evidence of relationships 
between POS attributes with physical activity and sedentary behavior 
(Cohen et al., 2020; Costigan et al., 2017; Kaczynski et al., 2008; 
Koohsari et al., 2013a; Veitch et al., 2016). These previous studies have 
commonly defined POS as public spaces freely accessible to anyone, 
such as parks and public playgrounds (Van Hecke et al., 2018). Several 
systematic reviews have synthesized evidence linking POS attributes to 
physical activity and sedentary behavior (Bancroft et al., 2015; Kac-
zynski and Henderson, 2007; O’Donoghue et al., 2016; Van Hecke et al., 
2018; Zhang et al., 2019). For instance, Kaczynski and Henderson 
(2007) found mixed associations between parks and recreation features 
with physical activity, even though it was evident they could contribute 
to a healthier lifestyle. A systematic review found that parks closer to 
home were more strongly associated with park-based physical activity 
than parks located further from home in the United States (Bancroft 
et al., 2015). O’Donoghue et al. (2016) found that the higher density of 
green spaces and greater proximity to them were associated with 
reduced sedentary behavior. Van Hecke et al. (2018) found that the 
presence of trails/walking paths, sports fields, and adventurous play-
grounds were positively associated with adolescents’ physical activity in 
qualitative and quantitative studies. Zhang et al. (2019) synthesized 
studies reporting associations between parks and neighborhood envi-
ronments with park-based physical activity and found positive associa-
tions between paths/trails, lighting fixtures, and incivilities within parks 
and physical activity, with the latter being an unexpected finding. 

Most studies included in previous systematic reviews were con-
ducted in sprawled and low-dense areas in the United States and 
Australia. While a few systematic reviews of studies conducted in Asia 
exist, the included samples are not restricted to those living in dense 
urban areas (An et al., 2019; Day, 2016; Muller et al., 2020; Zhang et al., 
2020; Zhu et al., 2016). Since public and private green areas are 
becoming smaller and decreasing in number in dense urban areas of East 
Asia (Bagan and Yamagata, 2014; Fuller and Gaston, 2009; Haaland and 
van den Bosch, 2015), there is an emerging need to provide high-quality 
POS for urban residents. Thus, in order to inform landscape and urban 
design guidelines, it is necessary to understand what POS attributes are 
associated with physical activity and sedentary behavior in dense urban 
areas. 

Therefore, this study aimed to review and systematize current evi-
dence on associations of POS attributes with physical activity and/or 

sedentary behavior in dense urban areas of East Asian countries, 
including Japan, Taiwan, China, Hong Kong, and South Korea. 

2. Methods 

This systematic review was based on the protocol registered on the 
International Prospective Register of Systematic Reviews (PROSPERO) 
on August 26, 2020 (registration number: CRD42020200936). The 
PROSPERO database was created in February 2011. Since then, it has 
been of great relevance to the health community, with registered pro-
tocols increasing rapidly and more than ten times per month between 
2012 and 2017 (Booth et al., 2012; Page et al., 2018). For the regis-
tration in the database, a protocol is prepared, including information 
about the design and conduct of the systematic review. Some advantages 
exist in registering systematic review protocols in the PROSPERO sys-
tem, including transparency and avoiding duplicate publications while 
conducting and reporting systematic reviews (Moher et al., 2014; 
Stewart et al., 2012). Moreover, registered systematic reviews presented 
a higher quality than unregistered ones (Sideri et al., 2018). Thus, 
PROSPERO registrations are highly recommended (Davies, 2012). 

2.1. Systematic literature search 

A systematic review of the literature was conducted according to the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines (Moher et al., 2009). Studies reporting associa-
tions of POS attributes with physical activity and/or sedentary behavior 
were identified through searches carried out in five databases: Web of 
Science, Scopus, PubMed, PsycINFO, and Transport Research Interna-
tional Documentation. We used the Google Scholar database as an 
additional source to identify any relevant missing studies. For each 
database search, four sets of terms were considered: (1) physical envi-
ronment (e.g., POS); (2) physical activity (e.g., physical activity, 
walking, running); (3) sedentary behavior (e.g., sedentary behavior, 
sitting time, screen time); and (4) East Asian country (including Japan, 
Taiwan, China, Hong Kong, and South Korea). Search terms in databases 
are described in Table A1 of the Supplementary data. For this systematic 
review, it was unsuitable to use Medical Subject Headings (MeSH) terms 
as the environment keywords are usually not included in that biomed-
ical indexing system. In addition, the definition of dense urban areas in 
East Asian countries was according to the classification of the urban 
center, which is based on the spatial concentration of 1500 people/km2 

in an urban area that constitutes a high-density cluster and is not 
necessarily dependent on political or administrative divisions (Dijkstra 
et al., 2019). Accordingly, we included studies conducted in those areas 
with urban density values equal to or higher than 1500 people/km2. It is 
important to highlight that we only considered urban density values, as 
the population density of entire cities or metropolitan areas may also 
include suburban (with many vacant spaces) or rural areas. 

Studies identified in the search process were first screened according 
to title and abstract, with suitable papers advancing to full-text 
screening. Studies were considered eligible when meeting the 
following criteria:  

a) Only publications from peer-reviewed journals with full texts in 
English were included. Reviews, descriptive pieces, methodological 
papers, book chapters, and papers from conference proceedings were 
excluded. 

b) Cross-sectional or longitudinal studies assessing associations be-
tween POS and physical activity and/or sedentary behavior in dense 
urban areas of East Asia countries, including Japan, Taiwan, China, 
Hong Kong, and South Korea, were included. Studies focusing on 
social or economic aspects were excluded.  

c) Only studies conducted in areas with urban density values equal to or 
higher than 1500 people/km2 were included. Studies including 
suburban (with many vacant spaces) or rural areas were excluded. 
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d) Quantitative and qualitative studies (e.g., interviews, questionnaires, 
and focus group methods) were included.  

e) Studies considering public green spaces (e.g., parks) and public 
playgrounds were included. Studies related to private and closed 
POS that are not freely accessible and have an entrance fee (e.g., 
private yards, private gardens) and studies considering locations 
such as vacant lots, urban squares or plazas, and forests were 
excluded.  

f) Studies assessing levels of or changes in (from baseline to follow-up, 
if a longitudinal study) total, leisure-time, and transport physical 
activity and/or total or specific domains of sedentary behavior, 
measured objectively (e.g., accelerometers, pedometers) or using 
questionnaires (e.g., self-reported), were included.  

g) Studies considering all age groups (children, adolescents, and adults) 
were included. Studies in which participants presented any disease 
or disability and pregnant women were excluded.  

h) Only studies published between 2000 and 2020 were included. 

The lead reviewer (MM) was responsible for applying the inclusion 
criteria to all retrieved studies during the screening process. Any un-
certainties were discussed with a second reviewer (CYL) until a final 
decision was reached. 

2.2. Study coding and analysis 

The lead reviewer (MM) extracted information from the selected 
studies, and rechecks of all articles were conducted by a second reviewer 
(CYL) independently. Disagreements were discussed and resolved by the 
two reviewers, and, when necessary, a third team member joined dis-
cussions until consensus was reached. 

Information extracted from eligible studies included study location, 
sample characteristics, study design, environmental attributes and 
measures (i.e., objective, perceived, reported or direct observation), 
outcome variables and measures (i.e., objective, perceived, reported or 
direct observation), covariates, main results, and additional informa-
tion. Relevant data and findings from eligible studies were tabulated and 
recorded in detail. 

For the exposure variables, access to POS was classified in two ways: 
proximity and availability (Table 1). Proximity represents the closeness 
in geographical distance from where one resides to POS. Availability is 
defined as the presence of any POS within a defined distance from where 
one resides or within the home neighborhood, and it is related to the 
presence, percentage, or number of POS. We also considered features of 
POS, which were defined as any facility or amenity located within POS 
(e.g., pathways, water features, and fitness or playground equipment) 
(Table 1). For outcome variables, physical activity and sedentary 
behavior were categorized according to their domains, such as total, 
leisure-time, transport, and non-motorized. 

The direction of associations between POS attributes and physical 
activity and/or sedentary behavior were coded as positive, negative, 
mixed, or non-significant. A positive association referred to when the 
POS attributes were associated with a higher prevalence of physical 
activity and/or a lower prevalence of sedentary behavior. Conversely, a 
negative association was assigned when POS attributes were associated 
with a lower prevalence of physical activity and/or a higher prevalence 
of sedentary behavior. A mixed finding was attributed to studies with 
different results for each POS attribute. A non-significant finding was 
assigned when no association was identified between the POS attributes 
and physical activity and/or sedentary behavior. If associations were 
assessed statistically through different models, only results from the 
fully adjusted model have been described. The findings were divided 
into quantitative and qualitative and then reported according to the 
physical activity or sedentary behavior domains (i.e., total, leisure-time, 
transport, non-transport sitting, and sitting or standing). Furthermore, 
when results were shown for specific subsamples in addition to results 
from the overall sample, the latter was reported. The statistical evidence 
was determined by p < 0.05 in all eligible studies. 

2.3. Quality assessment 

For the quality assessment of selected studies, the QualSyst tool 
(Standard Quality Assessment Criteria for Evaluating Primary Research 
Papers from a Variety of Fields) was applied (Kmet et al., 2004). Each 
quantitative study was evaluated against 14 criteria, and qualitative 
studies were assessed against ten criteria. If the same study presented 
quantitative and qualitative approaches, each method was evaluated 
according to its equivalent criteria. Overall, this checklist provides an 
evaluation of the study characteristics, such as (a) study questions and 
objectives described sufficiently; (b) study design evident and appro-
priate; (c) sample characteristics and suitability according to the target 
population; (d) measures of exposure and outcome variables; (e) anal-
ysis conducted and results presented appropriately; (f) confounders; and 
(g) reasonable conclusion supported by the results. For each criterion 
evaluated, a score was attributed; 0 (not meeting the criteria at all), 1 
(partially meeting the criteria), and 2 (meeting the criteria). 

Following the QualSyst tool guidelines (Kmet et al., 2004), quality 
scores were attributed and calculated independently for each selected 
study by the lead and second reviewer. Any disagreements were delib-
erated until both reviewers came to an agreement. The final quality 
scores of selected studies can be found in Supplementary Tables A2 
(quantitative studies) and A3 (qualitative studies). In addition, the rank 
by journal impact factor within the correspondent field was reported in 
the Supplementary Table A4 for the selected studies. The quality 
assessment process was adopted only to provide quality scores for all 
included studies and not to define a cut-point for excluding 
lower-quality studies. 

3. Results 

3.1. Study characteristics 

The combined search resulted in 8946 studies; however, after 
removing duplicates, 6289 studies remained. After screening titles and 

Table 1 
Definitions of group variables for POS attributes.  

Concept Definition Measures 

Access 
to 
POS 

Proximity The closeness in 
geographical distance from 
where one resides to POS 

- Distance to POS 

Availability The presence of any POS 
that exists or is present 
within a certain distance 
from where one resides or 
within the home 
neighborhood 

- Presence of POS 
- Percentage of POS 
- Number of POS 

Features within POS Any as any facility or 
amenity located inside the 
POS 

- Paths/pathways 
- Jogging trails 
- Open areas, squares, 
plazas 
- Natural areas, such as 
water features, lawns or 
groves 
- Sports fields or courts 
- Place near water 
features 
- Corridors (rest areas) 
- Architecture settings 
such as pavilions, 
pergolas or gazebos/ 
bandstands 
- Fitness equipment/ 
stations 
- Playground equipment 

Notes: POS: Public open space. 

M. Motomura et al.                                                                                                                                                                                                                             



Health and Place 75 (2022) 102816

4

abstracts, 55 articles remained, and the eligibility of these articles was 
assessed in detail. Thirty-seven studies were excluded, mainly for 
considering exposures other than POS, including rural or suburban 
areas, not giving a clear definition of the exposure, and not including 
physical activity or sedentary behavior as outcomes. This resulted in a 
total of 18 studies included in this systematic review, with 16 quanti-
tative and two qualitative (Fig. 1). Included studies and their charac-
teristics are described in Table 2. 

3.1.1. Study design and location 
All 18 eligible studies were cross-sectional. According to the study 

location, six studies were conducted in Hong Kong (Barnett et al., 2015a, 
2015b; Cerin et al., 2013; Chow et al., 2016; Leung and Loo, 2020; Yuen 
et al., 2019), six studies in China (Liu et al., 2017; Wang and Wu, 2020; 
Zhai et al., 2018, 2020), four studies in Taiwan (Chow, 2013; Chow 
et al., 2017; Pleson et al., 2014; Yeh et al., 2018), and two studies in 
Japan (Koohsari et al., 2020; Lee et al., 2015). No studies from South 
Korea showed relevance against the eligibility criteria for this review 
(Table 2). 

3.1.2. Age group and sample size 
The greatest number of studies (n = 10) considered older adults as 

their only target population (Barnett et al., 2015a, 2015b; Cerin et al., 
2013; Chow, 2013; Pleson et al., 2014; Yeh et al., 2018; Zhai et al., 2018, 
2020), while three studies included all age groups (i.e., children, teen-
agers, adults, and older adults) (Chow et al., 2016, 2017; Wang and Wu, 
2020), and one study considered adults and older adults (Yuen et al., 
2019). The older adult age group, mainly classified as people aged ≥60 
or ≥65, was included in almost all studies (n = 14). Two studies included 
children in their sample (Lee et al., 2015; Leung and Loo, 2020), one 
study included youth and adults (Liu et al., 2017), and one study 
included middle-aged adults (Koohsari et al., 2020). Sample sizes varied 
from 19 (Pleson et al., 2014) to 28,585 participants (Chow et al., 2016), 
with four studies having <100 participants (Barnett et al., 2015a; Chow, 
2013; Lee et al., 2015; Pleson et al., 2014) and five studies having >1000 
participants (Chow et al., 2016; Wang and Wu, 2020; Zhai and Baran, 
2016, 2017; Zhai et al., 2018). 

3.1.3. Exposure variables: assessment methods 
Among the 16 quantitative studies, 12 studies assessed the exposure 

attribute objectively, using geographic information systems (GIS) 
(Koohsari et al., 2020; Leung and Loo, 2020), audit tools (Barnett et al., 
2015b; Cerin et al., 2013), or on-site direct observation tools and pro-
tocols (Chow et al., 2016, 2017; Pleson et al., 2014; Wang and Wu, 2020; 
Zhai et al., 2018). Three studies used complementary assessments in 
addition to the on-site direct observations, such as space syntax (i.e., 
spatial configuration) (Zhai and Baran, 2016), GIS (Wang and Wu, 
2020), and video observation (Chow et al., 2017). One study assessed 
the POS using AutoCAD maps, and on-site observations were necessary 
for validation (Zhai et al., 2020). Only one study subjectively assessed 
the POS attributes by applying a questionnaire to measure POS usage 
(Yuen et al., 2019). Two studies considered both objective and subjec-
tive measures and applied a questionnaire to assess the perceived data 
together with objective measures such as Gaode Map (Liu et al., 2017) 
and GIS (Yeh et al., 2018). One study used a walking diary, in which 
participants reported their walks outside the home with starting and 
finishing times and locations if the location was within a 15-min walk 
from home (considered as within their neighborhood), and the primary 
purpose of the walk (Barnett et al., 2015a). For the two qualitative 
studies, one used focus groups (Lee et al., 2015), and the other used a 
semi-structured interview (Chow, 2013) to examine the POS attributes. 
In addition to the on-site direct observation tool, Pleson et al. (2014) 
applied an interview in their study and results of this assessment were 
considered as qualitative. 

3.1.4. Outcome variables: domains and assessment methods 
Nine of the 16 quantitative studies examined physical activity as the 

outcome, two studies examined sedentary behavior, and five studies 
examined physical activity and sedentary behavior. The leisure-time 
domain was the most assessed among all quantitative studies (n = 10) 
for physical activity only (Cerin et al., 2013; Yeh et al., 2018; Zhai and 
Baran, 2016, 2017; Zhai et al., 2020) and both physical activity and 
sedentary behavior (Chow et al., 2016, 2017; Pleson et al., 2014; Wang 
and Wu, 2020; Zhai et al., 2018). In one study, the leisure-time domain 
was examined for physical activity and energy expenditure (Zhai et al., 
2020). Other physical activity domains assessed were the transport 
domain (Leung and Loo, 2020), total physical activity (Liu et al., 2017; 
Yuen et al., 2019), and both leisure-time and transport domains (Barnett 
et al., 2015a). For the two studies considering sedentary behavior, the 
domains specified were total sedentary behavior (Koohsari et al., 2020) 

Fig. 1. Flow diagram of the selection process and final studies included in the systematic review.  
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Table 2 
Characteristics of included studies (n = 18).  

Authors 
(year) 

Study location Study 
design 

Sample age 
(n) 

POS attributes POS attributes 
measures 

Outcome (PA/SB) Outcome 
measures 

Covariates 

Quantitative studies 
Barnett 

et al. 
(2015a) 

Hong Kong Cross- 
sectional 

≥65 (96) Parks 
(Proximity; R) 

Diary i. Walking (Leisure- 
time PA; R/O) ii. 
Walking (Transport 
PA; R/O) 

Diary, 
accelerometer 

NA 

Barnett 
et al. 
(2015b) 

Hong Kong Cross- 
sectional 

≥65 (484) Parks 
(Availability; O) 

EAST-HK Non-motorized 
sitting time (Non- 
motorized SB; P) 

IPAQ-LF 
Chinese 
version 

Age, gender, educational 
attainment, neighborhood 
socioeconomic status, 
neighborhood clustering 
effects, significant 
neighborhood safety, 
infrastructure attributes 

Cerin 
et al. 
(2013) 

Hong Kong Cross- 
sectional 

≥65 (484) Parks 
(Availability; O) 

EAST-HK i. Walking (Leisure- 
time PA; P) ii. 
OLTPA (Leisure- 
time PA; P) 

IPAQ-LF 
Chinese 
version 

Other significant 
environmental predictors, age, 
gender, educational 
attainment, number of audited 
street segments, area-level 
socioeconomic status, 
neighborhood-level clustering 

Chow 
et al. 
(2016) 

Hong Kong Cross- 
sectional 

All ages 
(28,585) 

Parks (Features 
within POS; DO) 

SOPARC Activity levels 
(Leisure-time PA/ 
SB; DO) 

SOPARC NA 

Chow 
et al. 
(2017) 

Taiwan 
(Tainan) 

Cross- 
sectional 

≥2 (623) Outdoor fitness 
equipment 
(Features within 
POS; DO) 

SOPARC, video 
observation 

Activity levels 
(Leisure-time PA/ 
SB; DO) 

SOPARC, video 
observation 

NA 

Koohsari 
et al. 
(2020) 

Japan (Koto 
Ward, 
Matsuyama 
City) 

Cross- 
sectional 

40–64 (674) Parks 
(Proximity; O) 

GIS i. Daily total 
sedentary time 
(Total SB; O) 
ii) Duration and 
number of long 
(≥30 min) 
sedentary bouts 
(Total SB; O) iii) 
Breaks per 
sedentary hour 
(Total SB; O) 

Accelerometer Age, locality, educational 
attainment, marital status, 
living status, income, 
neighborhood socioeconomic 
status, accelerometer daily 
wearing time 

Leung and 
Loo 
(2020) 

Hong Kong Cross- 
sectional 

5–12 (585) Open green 
spaces 
(Availability; O) 

GIS Walking (Transport 
PA; P) 

Questionnaire Network distance to school, 
neighborhood environment, 
sociodemographic 
characteristics 

Liu et al. 
(2017) 

China (Beijing) Cross- 
sectional 

11–60 (308) Parks 
(Availability, O/ 
P) 

Gaode Map, 
questionnaire 

MVPA (Total PA; P) IPAQ-SF Age, occupation, gender, 
income, education level, plot 
ratio, proportion of residential 
greenspace, average housing 
price, parks’ accessibility, 
leisure and work time on a 
typical weekday and on 
weekends, self-reported 
busyness, time spent in 
residential greenspace, park 
use in the past week, personal 
attitude toward park visits 

Pleson 
et al. 
(2014) a 

Taiwan 
(Taipei) 

Cross- 
sectional 

≥60 
(SOPARC =
755/ 
Interview =
19) 

Green spaces 
(Features within 
POS; DO) 
(Proximity; P) 

SOPARC, 
interview 

Activity levels 
(Leisure-time PA/ 
SB; DO) 
Exercise (Leisure- 
time PA; P) 

SOPARC, 
interview 

NA 

Wang and 
Wu 
(2020) 

China 
(Shanghai) 

Cross- 
sectional 

All ages 
(6,126) 

Parks (Features 
within POS; DO/ 
O) 

On-site 
observation, GIS 

i. Walking (Leisure- 
time PA; DO) ii. 
MVPA (Leisure- 
time PA; DO) iii. 
Sedentary behavior 
(Leisure-time SB; 
DO) 

On-site 
observation 

NA 

Yeh et al. 
(2018) 

Taiwan 
(Taichung) 

Cross- 
sectional 

≥65 (274) Parks 
(Proximity/ 
Availability; O/ 
P) 

GIS, 
questionnaire 

PA (Leisure-time 
PA; P) 

IPAQ-SF NA 

Yuen et al. 
(2019) 

Hong Kong Cross- 
sectional 

≥20 (554) Parks 
(Proximity; P) 

Questionnaire PA level (Total PA; 
P) 

IPAQ-C NA 

China (Beijing) Cross- 
sectional 

≥60 (7319) On-site 
observation, 

Walking (Leisure- 
time PA; DO) 

Gate method Park, pathway connection 
with activity zones 

(continued on next page) 

M. Motomura et al.                                                                                                                                                                                                                             



Health and Place 75 (2022) 102816

6

and non-motorized sitting, in which diverse life domains for sitting time 
were assessed and transport-related sitting was excluded (Barnett et al., 
2015b). 

Objective data were collected in seven studies by on-site direct 
observation tools and protocols (Chow et al., 2016, 2017; Pleson et al., 
2014; Wang and Wu, 2020; Zhai et al., 2018). In addition to the on-site 
direct observation tool, Chow et al. (2017) used video records. One 
study used an accelerometer and walking diary, in which walks outside 
the home with time, location, and purpose were reported (Barnett et al., 
2015a). In another study, sedentary behavior was assessed by an 
accelerometer (Koohsari et al., 2020). Six studies used a questionnaire to 
evaluate either perceived physical activity (Cerin et al., 2013; Leung and 
Loo, 2020; Liu et al., 2017; Yeh et al., 2018; Yuen et al., 2019) or 
sedentary behavior (Barnett et al., 2015b), and in one study, physical 
activity and energy expenditure were assessed using a pedometer and a 
questionnaire (Zhai et al., 2020). For the two qualitative studies, 
leisure-time physical activity was discussed in focus groups (Lee et al., 
2015) and semi-structured interviews (Chow, 2013). 

3.2. POS attributes across studies 

3.2.1. Access to POS 
The nature of associations between access to POS and physical ac-

tivity and/or sedentary behavior are shown in Table 3. With respect to 
proximity, positive associations between distance to POS and leisure- 
time physical activity were observed in one study showing that 
shorter distances to parks were related to a higher occurrence of regular 
physical activity in these spaces among older adults (Yeh et al., 2018). In 
another study, parks closer to home were used more for exercise than 
those farther from home by adults and older adults with high physical 
activity levels (Yuen et al., 2019). Mixed findings for proximity were 
found in one study, in which parks within or nearby older adults’ home 

neighborhood were the main destinations for leisure-time walking. 
However, no association with walking for transportation was found 
(Barnett et al., 2015a). Considering total sedentary behavior, no asso-
ciations were identified for distance to the nearest park among 
middle-aged adults (Koohsari et al., 2020). One qualitative study re-
ported that living near green spaces encourages older adults to visit 
these spaces for exercise (Pleson et al., 2014). 

For the availability of POS, a greater number of parks in the partic-
ipants’ home neighborhoods showed a positive association with leisure- 
time physical activity among older adults (Cerin et al., 2013; Yeh et al., 
2018). The presence of more parks located within a 500 m spatial buffer 
around participants’ homes was positively associated with total physical 
activity for both youth and adults (Liu et al., 2017). However, in one 
study, the percentage of open green space was negatively associated 
with walking to school among children (Leung and Loo, 2020). For 
sedentary behavior, the presence of parks was non-significant for 
non-transport related sitting in one study with older adults (Barnett 
et al., 2015b). In one qualitative study, the presence of playgrounds was 
reported to be a facilitator of active free play among children (Lee et al., 
2015). 

3.2.2. Features within POS 
Associations of features within POS with physical activity and/or 

sedentary behavior are reported in Table 3. Pathways were the main 
exposure assessed in two studies among older adults (Zhai and Baran, 
2016, 2017). In one study, integration and connectivity between path-
ways were positively associated with leisure-time walking (Zhai and 
Baran, 2016). In the second study, there were some mixed findings. 
Larger and longer pathways with plastic and/or brick pavements, 
flowers, more benches and light fixtures, and with no connection with 
activity areas and landmarks were associated with more leisure-time 
walking; however, pathway form, steps, shade, enclosure, and visual 

Table 2 (continued ) 

Authors 
(year) 

Study location Study 
design 

Sample age 
(n) 

POS attributes POS attributes 
measures 

Outcome (PA/SB) Outcome 
measures 

Covariates 

Zhai and 
Baran 
(2016) 

Pathways 
(Features within 
POS; DO/O) 

space syntax (i.e., 
spatial 
configuration) 

Zhai and 
Baran 
(2017) 

China (Beijing) Cross- 
sectional 

≥60 (7319) Pathways 
(Features within 
POS; DO) 

On-site 
observation 

Walking (Leisure- 
time PA; DO) 

Gate method NA 

Zhai et al. 
(2020) 

China 
(Shanghai) 

Cross- 
sectional 

≥60 (234) Parks (Features 
within POS; O) 

AutoCAD maps, 
field-validation 

i. Walking steps 
(Leisure-time PA; 
O) 
ii. Energy 
expenditure 
(Leisure-time PA; 
R) 

Pedometer, 
questionnaire 

Age, gender, BMI, family 
income, health condition, visit 
purpose 

Zhai et al. 
(2018) 

China (Xi’an) Cross- 
sectional 

≥60 (1588) Parks (Features 
within POS; DO) 

On-site 
observation 

i. Active activities 
(Leisure-time PA; 
DO) ii. Passive 
activities (Leisure- 
time SB; DO) 

On-site 
observation 

NA 

Qualitative studies 
Chow 

(2013) 
Taiwan 
(Tainan) 

Cross- 
sectional 

≥50 (55) Outdoor fitness 
equipment 
(Features within 
POS; P) 

Semi-structured 
interview 

PA level (Leisure- 
time PA; P) 

Semi- 
structured 
interview 

NA 

Lee et al. 
(2015) 

Japan 
(Tokorozawa) 

Cross- 
sectional 

9–11 (60) Playgrounds 
(Availability; P) 

Focus group Active free play 
(Leisure-time PA; 
P) 

Focus group NA 

Notes: POS: Public open space; PA: Physical activity; MVPA: Moderate-to-vigorous physical activity; OLTPA: Other forms of leisure-time physical activity; SB: 
Sedentary behavior; O: Objective measures; P: Perceived measures; R: Reported measures; DO: Direct observation; NA: Not applicable; EAST-HK: Environment in Asia 
Scan Tool - Hong Kong version; IPAQ-LF: International Physical Activity Questionnaire-Long Form; IPAQ-SF: International Physical Activity Questionnaire-Short Form; 
IPAQ-C: International Physical Activity Questionnaire-Short Form Chinese Version; SOPARC: System for Observing Play and Recreation in Communities; GIS: 
Geographic information systems. 

a Pleson et al. (2014) applied both quantitative and qualitative methods in their study; SOPARC results will be reported as quantitative, and interview results were 
considered as qualitative. For Table 2, this study was included in the quantitative list, as the sample size was bigger for the quantitative method than for the qualitative 
one. 

M. Motomura et al.                                                                                                                                                                                                                             



Health and Place 75 (2022) 102816

7

connection with water were not associated with leisure-time walking 
(Zhai and Baran, 2017). Paths were also positively associated with 
leisure-time activities among older adults in another study (Pleson et al., 
2014). 

For older adults, other features within POS that were positively 
associated with leisure-time physical activity included open areas or 
squares (Pleson et al., 2014; Zhai et al., 2018), natural areas such as 
water features, lawns or groves (Zhai et al., 2020), sports fields or courts, 
and gazebos/bandstands (Pleson et al., 2014). For all age groups, 
jogging trails and sports fields or courts (Chow et al., 2016), and plazas 
and natural areas such as lawns (Wang and Wu, 2020) were positively 
associated with leisure-time physical activity. For sedentary behavior 
among older adults, negative associations were found for places near 
water features and corridors, which are rest places connecting different 
areas in a POS, as they contribute to a higher prevalence of sitting and 
standing behaviors (Zhai et al., 2018). Among all age groups, sedentary 
behavior was observed in built architecture settings such as pavilions 
and pergolas (Wang and Wu, 2020). 

Fitness stations or squares showed a positive association with leisure- 
time physical activity among all age groups (Chow et al., 2016) and 
older adults (Pleson et al., 2014; Zhai et al., 2018, 2020). In another 
study, the presence of outdoor fitness equipment was positively associ-
ated with leisure-time physical activity among all age groups; however, 
the effects were limited, as people used the equipment for a short time (i. 
e., less than 9 min) (Chow et al., 2017). For older adults, outdoor fitness 
equipment encourages leisure-time physical activity. However, it is also 
limited, considering that they use the equipment to supplement main 
activities, such as walking or group exercises (Chow, 2013). Playground 
equipment also contributed to leisure-time physical activity for older 
adults (Pleson et al., 2014) and all age groups (Chow et al., 2016). 

4. Discussion 

To our knowledge, this systematic review is the first to systematize 
relationships between POS attributes with physical activity and/or 
sedentary behavior in dense urban areas of East Asian countries, 
including Japan, Taiwan, China, Hong Kong, and South Korea. We found 
that closer distances to POS (Barnett et al., 2015a; Yeh et al., 2018) and a 
greater number of POS within the participants’ neighborhood (Cerin 
et al., 2013; Yeh et al., 2018) were mostly associated with more 
leisure-time physical activity in quantitative studies. In one qualitative 
finding, having POS near the participants’ residence was reported as an 
essential facilitator for visiting a park for exercise (Pleson et al., 2014). 
In another qualitative study, playgrounds were mentioned as facilitators 
of active free play among children (Lee et al., 2015). A previous sys-
tematic review showed that proximity was an essential attribute in 
encouraging recreational physical activity (Kaczynski and Henderson, 
2007). Another review showed that the number of POS in the neigh-
borhood was correlated with park-based physical activity when 
considering the number of parks inside smaller buffers from people’s 
homes (Zhang et al., 2019). Our results are in line with these previous 
systematic reviews, even though they are representative of the Western 
context, which typically presents low-density urban development. This 
might be because the provision of POS is usually part of standard urban 
design and planning policies, independent of the country (Government 
of Western Australia, 2014; Martinuzzi and Lahoud, 2022; World Health 
Organization, 2017). However, the extent to which the distribution and 
access to POS might change between high- and low-density areas still 
need to be further explored (Haaland and van den Bosch, 2015). 
Low-density suburbs are widespread, and many residents must use their 
cars to reach POS. In contrast, destinations are closer to each other in 
dense urban areas, making the proximity and availability of POS within 

Table 3 
Reported associations between POS attributes and PA/SB.  

POS attributes Quantitative findings Qualitative findings 

PA SB PA 

þ N – þ N – þ N – 

Access to POS 
a. Proximity LT (Barnett et al., 2015a; Yeh 

et al., 2018) 
TT (Yuen et al., 2019) 

TR (Barnett 
et al., 2015a)   

TT (Koohsari 
et al., 2020)  

LT (Pleson 
et al., 2014)   

b. Availability LT (Cerin et al., 2013; Yeh et al., 
2018) 

TT (Liu et al., 2017)  

TR (Leung 
and Loo, 

2020)  

NTSit (Barnett 
et al., 2015b)  

LT (Lee et al., 
2015)   

Features within POS 
a. Paths/pathways LT (Pleson et al., 2014; Zhai and 

Baran, 2016, 2017) 
LT (Zhai and 
Baran, 2017)        

b. Jogging trails LT (Chow et al., 2016)         
c. Open areas, squares or plazas LT (Pleson et al., 2014; Wang 

and Wu, 2020; Zhai et al., 2018)         
d. Natural areas (water features, 

lawns or groves) 
LT (Wang and Wu, 2020; Zhai 

et al., 2020)         
e. Sports fields or courts LT (Chow et al., 2016; Pleson 

et al., 2014)         
f. Places near water features      Sit/St (Zhai 

et al., 2018)    
g. Corridors (rest places 

connecting different areas in a 
POS)      

Sit/St (Zhai 
et al., 2018)    

h. Architecture settings 
(pavilions, pergolas or 
gazebos/bandstands) 

LT (Pleson et al., 2014)     Sit/St (Wang 
and Wu, 2020)    

i. Outdoor fitness equipment/ 
fitness stations or squares 

LT (Chow et al., 2016, 2017;  
Pleson et al., 2014; Zhai et al., 

2018, 2020)      

LT (Chow, 
2013)   

j. Playground equipment LT (Chow et al., 2016; Pleson 
et al., 2014)         

Notes: POS: Public open space; PA: Physical activity; SB: Sedentary behavior; LT: Leisure-time; TR: Transport; TT: Total; NTSit: Non-transport sitting; Sit/St: Sitting/ 
Standing; +: Positive association. 
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the residential neighborhood higher compared to sprawled areas. 
Furthermore, the cost to build urban infrastructure per resident may be 
lower in high-density compared to low-density areas (Carruthers and 
Úlfarsson, 2008). Thus, high density facilitates the presence of more 
urban amenities (Bruns and Matthes, 2019), which in turn become 
highly valued, contributing to efficient economic and planning policies 
aiming at optimal use of POS (Nilsson, 2014). 

Features within POS, including pathways, open areas, squares or 
plazas, water features, lawns or groves, sports fields or courts, play-
ground equipment, and fitness stations were positively associated with 
leisure-time physical activity. On the contrary, places near water fea-
tures and corridors (rest areas) were associated with a higher prevalence 
of sedentary behavior. These results agree with previous systematic re-
views showing that attributes such as paths, sports fields, and play-
grounds can support physical activity within parks (Van Hecke et al., 
2018; Zhang et al., 2019). Moreover, these features can also promote 
social activities and interactions, enhancing physical activity within POS 
(Broyles et al., 2011). A previous study conducted in Melbourne, 
Australia, showed that areas that promote interaction and obstacle 
courses contributed to social interaction among children (Veitch et al., 
2021). Another study from Durham, United States, showed that the 
presence of other active children in the POS was associated with 
park-based physical activity (Bocarro et al., 2015). Furthermore, it is 
important to highlight that water features were associated with both 
physical activity and sedentary behavior in this review. A previous re-
view showed that having an outdoor blue space close to one’s residential 
area can contribute to more physical activity (Gascon et al., 2017). On 
the contrary, when considering results from a previous systematic re-
view showing that outdoor blue spaces are associated with restorative or 
distress experiences (Smith et al., 2021), spaces close to water features 
might also be used for passive and contemplative purposes contributing 
then for more sedentary behaviors. In addition, relaxing settings can 
contribute to social interactions (Veitch et al., 2022), which occur while 
sitting (Schmidt et al., 2019). Generally, results from our review 
regarding features within POS were very heterogeneous, and one 
possible explanation is that the use of different features might depend on 
the preferences and needs of each age group (Levy-Storms et al., 2018; 
Veitch et al., 2020a, b). For example, older adults value restorative and 
attractive areas, greenery, and shaded areas (Veitch et al., 2020a). At the 
same time, children might be more attracted to play and sports areas 
(Veitch et al., 2020b). Thus, age-appropriate design for POS is essential. 
In our review, it is important to underline that the condition and 
maintenance of features within POS were not observed or measured in 
the studies included, and these are key considerations in order to un-
derstand how POS settings can best support physical activity (Akpinar, 
2016; Bedimo-Rung et al., 2005; Koohsari et al., 2013b; McCormack 
et al., 2010). 

4.1. Research gaps and future recommendations 

Based on the findings of this review, it was possible to identify some 
research trends and gaps that helped delineate suggestions for future 
studies considering dense urban areas of Asian countries. 

4.1.1. Definition of proximity and availability of POS 
Buffer size and walkable distances used to measure both proximity 

and availability of POS in studies from this systematic review rely on 
references used in Western countries. Previous studies found that 
different buffer sizes could affect physical activity in distinguished ways 
(James et al., 2014; Mavoa et al., 2019). For instance, one study from the 
United States showed that different buffer shapes could affect associa-
tions between the built environment exposure and walking (James et al., 
2014). In Australia, one study found that distinct buffer distances 
changed associations between types of destinations and walking or 
physical activity (King et al., 2015). Therefore, specific consideration 
should be addressed to compact urban environments of East Asian cities, 

where destinations are closer (Schneider et al., 2015). Buffers derived 
from studies of Western countries (e.g., 800 m) might hinder significant 
associations between built environment exposure and physical activity 
as it can be an overestimated threshold in East Asian cities. Future 
studies should explore a variety of buffer assessments to assist proper 
accessibility measures for dense urban areas of East Asia (Mavoa et al., 
2019). Furthermore, the definitions of “within/inside” and “near-
by/outside” participants’ neighborhoods were not well defined in the 
three studies that reported positive associations of POS proximity with 
leisure-time physical activity (Barnett et al., 2015a; Yeh et al., 2018) and 
total physical activity (Yuen et al., 2019), which may have led to mis-
interpretations. Previous studies highlight the importance of accurately 
defining neighborhood to underline associations between environ-
mental attributes and physical activity (Boruff et al., 2012; Giles-Corti 
et al., 2005; Mavoa et al., 2019). Therefore, future studies should adopt 
more precise neighborhood definitions to understand the effects of 
proximity and availability of POS on physical activity in dense urban 
areas of East Asian countries. 

4.1.2. Physical activity domains 
We found that most studies reported positive associations between 

POS attributes and leisure-time physical activity. However, POS attri-
butes were non-significantly (Barnett et al., 2015a) or negatively asso-
ciated with transport domain physical activity (Leung and Loo, 2020). A 
possible explanation for these associations is that POS are significant 
settings for leisure-time physical activity (Bedimo-Rung et al., 2005), 
while transport physical activity might be more likely to be related to 
walkability measures (i.e., street connectivity, sidewalks, and destina-
tions) (Howell et al., 2017; Owen et al., 2004). Nevertheless, the 
transport domain should be explored in more detail in future studies of 
dense urban areas of East Asian countries, as density contributes posi-
tively and significantly to walkability levels (Cerin et al., 2007; Owen 
et al., 2004). For example, a study conducted in San Francisco, United 
States, showed that higher density was associated with an increase in 
walk miles and decreased vehicle miles traveled (Lewis, 2017). Another 
study from the United States showed that higher population density was 
associated with increased walking trips (Agrawal and Schimek, 2007). 
In this context, a higher population density increases the demand for 
urban amenities, and subsequently, retail and service destination den-
sity might also increase (Glaeser and Gottlieb, 2009). Therefore, mixed 
land use can contribute to a more walkable space (Hajna et al., 2015; 
Kligerman et al., 2007; Koohsari et al., 2016; McCormack et al., 2008). 
With higher walkability, residents might rely less on motorized vehicles 
to reach POS than those living in low-density locations. In addition, POS 
can support transport-related physical activity as part of an active 
transportation route, especially walking (Cohen et al., 2012). As for that, 
if roads with heavy traffic surround a POS, this may reduce accessibility 
and discourage the use of POS (Bedimo-Rung et al., 2005; Kaczynski 
et al., 2014b), especially for children (Boarnet et al., 2005; Timperio 
et al., 2006). Further studies are needed to examine how the neighbor-
hood environment surrounding POS could be designed to support active 
transport to and in POS. In addition to the transport domain, future 
studies should also examine park-based physical activity specifically 
rather than overall leisure-time physical activity and/or sedentary 
behavior. Some previous studies have examined park-based physical 
activity (Cohen et al., 2016; Kaczynski et al., 2014a; Wagner et al., 
2020), and this measure is vital to understand how the use of POS can 
affect physical activity. One study showed that the number of parks and 
park areas were associated with park-based physical activity and not 
overall physical activity (Stewart et al., 2018). Thus, POS can be asso-
ciated with physical activity domains in distinct ways, which are rec-
ommended to be explored in East Asian countries in future studies. 

4.1.3. Assessment tools and methods 
Seven studies assessed outcome (i.e., physical activity and/or 

sedentary behavior) and exposure (i.e., POS) variables through on-site 
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direct observation tools and protocols (Chow et al., 2016, 2017; Pleson 
et al., 2014; Wang and Wu, 2020; Zhai et al., 2018). This method does 
not depend on respondents’ willingness to participate, and the obser-
vations can be made in the natural environment, which are both positive 
points. However, the results of these methods are restricted to specific 
locations within POS (e.g., target areas), days, and periods, even though 
observations followed a heterogeneous range of schedules for data 
collection. Future studies should consider using a global positioning 
system (GPS) combined with accelerometers to identify where people 
are more or less active and/or sedentary in POS (Zhai et al., 2021). This 
might help understand how POS can contribute to physical activity and 
the share of this contribution in the daily life of people. Furthermore, 
self-reported data were utilized in ten studies (Barnett et al., 2015a, 
2015b; Cerin et al., 2013; Chow, 2013; Leung and Loo, 2020; Liu et al., 
2017; Pleson et al., 2014; Yeh et al., 2018; Yuen et al., 2019; Zhai et al., 
2020), and this may have involved bias. However, qualitative data has 
been an essential set of information to understand undetectable moti-
vations and causes of visits and use of parks (Fontan-Vela et al., 2021; 
Maroko et al., 2009; McCormack et al., 2014). It is recommended to 
consider quantitative and qualitative methods to facilitate more com-
plete insights (McCormack et al., 2004), as qualitative approaches can 
interpret quantitative data (Moran et al., 2014). In our review, only one 
study combined quantitative and qualitative assessments (Pleson et al., 
2014). 

4.1.4. Exploring POS attributes for different age groups 
Fourteen of 18 studies systematized in this review considered older 

adults as their target population, with this group being the only target 
population or included within a larger group of participants (Table 2). 
East Asia is one of the world regions that comprise the most significant 
proportion of the older population (United Nations, 2020). There is an 
urgency to understand how urban environments can support healthy 
aging. In addition, older adults represent a more vulnerable group in 
terms of socioeconomic and health status (Smith et al., 2016; Wang 
et al., 2022). Previous studies from China found that there is a 
discrepancy between POS distribution within cities and population 
groups, and an unequal provision of POS is more evident for the elderly 
urban residents (Feng et al., 2019; Guo et al., 2020; Wu and Kim, 2020). 
Future studies should assess the provision of POS and spatial and social 
equity as determinants of older adults’ physical activity in the East Asia 
context. In addition, informal urban spaces (e.g., vacant lands and 
protected areas) can compensate for the inconsistent accessibility to POS 
and contribute to residents’ physical activity as they serve as recrea-
tional areas (Sikorska et al., 2020). Thus, the inclusion of informal POS is 
also recommended for future studies. Generally, in this review, it was 
impossible to identify any consistent conclusions regarding relevant POS 
attributes for different age groups other than older adults. Nonetheless, 
POS are used by all age groups, and it is necessary to understand how 
these spaces can attract and support all demographic groups. In our 
review, only two studies included children as their target population 
(Lee et al., 2015; Leung and Loo, 2020), and the access to POS was 
measured from participants’ home addresses. However, the school 
neighborhood can also influence children’s physical activity (Bezold 
et al., 2017; Van Kann et al., 2014; Wasserman et al., 2014). In previous 
studies, the presence of parks within the school neighborhood improved 
physical fitness in children from New York City, United States (Bezold 
et al., 2017), and contributed to children’s active transport to school in 
the Netherlands (Van Kann et al., 2014). For future studies among 
children in East Asia, it is suggested to consider the access to POS within 
the school neighborhood in addition to the residential neighborhood. 
Regarding young and middle-aged adults, the workplace neighborhood 
impacts physical activity and sedentary behavior (Lin et al., 2020; Zhu 
et al., 2020). As many adults spend a great amount of daily hours 
working and engaged in sedentary behavior (Kurita et al., 2019), it is 
crucial to explore how to increase their physical activity participation. 
This is especially relevant for adults in East Asia countries, where 

overwork is a common occurrence and it is associated with occupational 
diseases and conditions (i.e., cardiovascular diseases and mental disor-
ders) (Chang and Lin, 2019; Cheng et al., 2012; Ono, 2018; Wu et al., 
2019). In our review, only the residential neighborhood was considered 
in all three studies with young and middle-aged adults as the target 
population (Koohsari et al., 2020; Liu et al., 2017; Yuen et al., 2019). In 
this sense, future studies should also consider access to POS within the 
workplace neighborhood in order to explore how POS can support 
adults’ physical activity while helping to reduce the burden of occupa-
tional diseases. Lastly, more studies including diverse age groups from 
dense urban areas of East Asian countries are required. 

4.2. Limitations 

Some limitations of this systematic review should be acknowledged. 
First, a cross-sectional design was applied in all studies included in this 
systematic review, so the results were representative of only a specific 
point in time. The second limitation is that six out of 16 quantitative 
studies considered POS as one of the exposures evaluated in the overall 
neighborhood environment (Barnett et al., 2015a, 2015b; Cerin et al., 
2013; Leung and Loo, 2020) or one of the exposures among other rec-
reational facilities or areas (Yeh et al., 2018; Yuen et al., 2019). 
Therefore, it was necessary to isolate the effect of POS on physical ac-
tivity and/or sedentary behavior by segregating the data and results, 
which may have led to some misinterpretations. A third limitation is that 
only one study (Yuen et al., 2019) reported results according to partic-
ipants’ overall physical activity level, discriminating associations be-
tween those that were normally more or less active. It was impossible to 
parse out this difference in other studies and further analyze if partici-
pants who demonstrated or reported a higher level of physical activity 
was already more active in their daily routines. Lastly, the number of 
studies included in this systematic review is lower than in previous re-
views conducted in Asia (Day, 2016; Zhang et al., 2020), resulting from 
our inclusion criterion of only including studies conducted in dense 
urban areas. This criterion excluded all retrieved studies conducted in 
South Korea and some studies in Japan. Therefore, our findings may not 
be generalizable to other East Asian countries not included or rarely 
included in this systematic review. Future studies considering the 
emerging effects of dense urban areas of the East Asian context on 
population behavior, especially regarding the increased burden of 
physical inactivity and sedentary behavior in these areas, are needed. 

5. Conclusion 

This systematic review can help inform urban design directions for 
(re)designing POS to support physical activity in dense urban areas. We 
found that closer distances to and a greater number of POS within the 
residential neighborhood can contribute to leisure-time physical activ-
ity. For features within POS, pathways, open areas, squares or plazas, 
water features, lawns or groves, sports fields or courts, playground 
equipment, and fitness stations can also contribute to leisure-time 
physical activity. On the contrary, places near water features and rest 
areas within POS were associated with more sedentary behavior. Future 
studies including different age groups other than older adults, other 
relevant neighborhoods according to age group daily routine, transport 
and park-based physical activity and sedentary behavior, the use of GPS 
combined with accelerometers, and more qualitative approaches are 
needed for further insights into the influence of POS attributes on 
physical activity and sedentary behavior in high dense areas. 
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