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Could geographical features of green
spaces in�uence physical exercise?
Examining the roles of neighbourhood
diversity and single status
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Background: A rapidly growing body of research suggests that exposure to green space has been

associated with better physical and mental health. This study aimed to examine whether the

neighbourhood diversity and single status simultaneously mediated associations between

geographical features of green spaces and green physical exercise. 

Methods: Data were from a sample of 1387 full-time employees from the green exercise. Using

hierarchical regressions, logistic regressions, and linear regressions with multiple �xed e�ects, this

study investigate the associations of geographical features of green spaces with transport modes,

travel duration to green space, and visiting and exercise time, respectively. 

Results: The sample was dominated by middle-aged, British nationality, male, and employees

walking to green space. Neighbourhood diversity and single status moderated the association with

daily visit. Neighbourhood diversity moderated the associations with choices of car, bus, and walk,

hours visiting LGS, and vigorous exercise time, respectively. Likewise, single status moderated the

associations with vigorous exercise time.  

Conclusion: This population-based study underscores the importance of neighbourhood diversity

and single status in the transport modes and vigorous exercise time. These �ndings indicate that the

residential environment and marital status could in�uence the choices of transport modes and

vigorous exercise time. Additional research is needed to determine how work time can in�uence

level and time of green physical exercise.
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Introduction

Two meta-analyses showed persons with nature connectedness were signi�cantly happier[1] and

healthier[2] than those without. Urban nature connectedness was positively predicted by engagement

in outdoor activities and increased hours per week spent in nature [3]. Contact with nature may

decrease mental health symptoms [4] and protect for psychological well-being [5]. A survey-based

study showed that nature-based activities had a positive e�ect on alleviating state anxiety levels [6].

Especially, regular contact with nature may improve protect individual mental and emotional health

[7]. Regarding the underlying cognitive mechanisms, color green has a contributory e�ect toward

positive green exercise outcomes [8].

Green spaces provide ecosystem services that are vital to public health [9]. For example, a meta-

narrative evidence synthesis indicated that urban green space has an important role in a culture of

health and well-being [10]. In addition, a study indicates that all kinds of green spaces could decrease

maternal mortality [11]. Physiologically, access and exposure to green space might be critical to

prevention of mental health [12]; [13]; [14]; [15]; [16]. A study showed exposure to urban green spaces

were associated with mental health [17]. Green spaces increase physical activity [18] and positively

in�uenced the longevity of older adults [19]. 

Two studies identi�ed physical activity time was a signi�cant risk factor of hypertension incidence

[20] and cognitive change symptoms [21]. Overall, appropriate intensity of physical activity was

associated with lower anxiety and depression risk outcomes [22]. Furthermore, physical inactivity was

associated with elevated levels of 4 proteins [23] and the growing incidence of cardiovascular disease

[24].

A systematic review showed green exercise o�ers superior bene�ts with exposure to nature [25]. An

investigation indicated enjoyment was the greatest intrinsic motivator for adherence to green exercise

[26]. Green exercise can facilitating well-being [27], reduce chronic pain [28], improve acute

psychological well-being [29], improved self-esteem [30], relieve acute psychological stress [31].

Green exercise at the workplace could be a pro�table way to manage stress and induce restoration

among employees [32]. 

It reported growing incidence of physical inactivity [33] and physical activity time in various

employment status [34] in the Western world. The aims of this study were to assess the associations of

geographical features of green spaces with green physical activity among the employed individuals
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with a publicly available survey data. Considering �xed e�ects of socio-demographic factors, a series

of linear and instrumental-variable regressions were designed to provide evidences for the

associations of interest. The empirical �ndings from statistical analyses would provide insights for

physical activity in green spaces for employed individuals.

Literature review 

Multiple studies con�rmed the associations between amounts [35], area-level characteristics [36],

density [37], and ratio [38] of green spaces and cardiovascular health. Several studies found proximity

to green spaces was bene�cial to several cardiovascular outcomes in urban spaces ([39]; [40]). But,

utilization of green spaces was related to the good health-related variables [41]. Also, the green spaces

for exercise were con�rmed to be bene�cial for cardiovascular health in the older population in China

[42]. Area percentage of green spaces was con�rmed to reduce the morbidity of diseases [43]. In

addition, strolls and park visits were found to provide positive emotions to working mothers [44].

Consistent with literature, this study therefore hypothesized that:

Hypothesis 1: There are di�erence between visiting and physical exercise time regarding geographical

features of green spaces.

Daily exercise is likely to be associated with better workers' health and work performance [45]. Several

Systematic review and meta-analyses indicated regular exercise increases muscle strength [46] and

had a speci�c anti-in�ammatory e�ect on blood [47]. Some current studies reported that regular

exercise improves asthma control [48], protects against the aging-associated decline [49], and

reduced risk of osteoporosis in postmenopausal women[50]. Consistent with literature, this study

therefore hypothesized that:

Hypothesis 2: Geographical features of green spaces have the associations with daily visit.

Distance to green spaces determines the choice of transport modes. Transport can accounts for part of

physical activity[51]. Walking and bicycle use were associated with good self-perceived health [52] .

Cycling has been shown to be associated to lower body mass index [53]. City bus is a safe mode[54] and

make transportation universally accessible [55].Long time spent in transport modes lead to negative

health outcomes, including fatigue-related elevated risk of anxiety or mood disorders[56], cardio-

metabolic risk [57], depressive symptoms[58],weight gain[59], overweight and abdominal

obesity[60]. Persons intended to physical activity would to avoid the potential deleterious health

qeios.com doi.org/10.32388/HZNCLH 3

https://www.qeios.com/
https://doi.org/10.32388/HZNCLH


e�ects caused by prolonged traveling time and choose appropriate transport modes. Accordingly, this

study hypothesized that:

Hypothesis 3: Geographical features of green spaces have the associations with transport modes.

Green exercise among adult Norwegians, the socio-economic inequities relative to the perceived

accessibility to nature were reported [61]. In an early study, the presence of partners moderated the

relationship between engagement with nature and physical activity [62]. Consistent with literature,

this study therefore hypothesized that:

Hypothesis 4: Marital status moderated the associations of geographical features of green spaces with

green physical activity time.

 Likewise, the detrimental health e�ect of living in disadvantaged neighbourhoods was observed [63].

Meanwhile, the perceived walkability of lower income neighbourhoods is worse in comparison with

higher income neighbourhoods in South African adolescents [64]. Perceptions of neighbourhood

environment did not consistently predict physical activity in a deprived and ethnically diverse urban

population[65]. Accordingly, this study hypothesized that:

Hypothesis 5: Neighbourhood diversity moderated the associations of geographical features of green

spaces with green physical activity time.

In this study, a series of linear and instrumental-variable regressions with many levels of �xed e�ects

models were designed to provide evidences for the associations above. The empirical �ndings from

statistical analyses would provide insights for physical activity in green spaces for full-time

employees.

Method

Ethics approval and consent to participate

The data adopted was from a publicly available survey dataset whose ethical approval was obtained

from the institutional review board at University of Essex, UK. Pseudonyms are used at all times to

maintain con�dentiality. Informed consent was obtained from all research participants.Written

informed consent was obtained from all participants before they agreed to participate in the study.

Participants were informed that they could leave the study at any time without penalty, and all
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personal information was kept con�dential. Thus, it was not necessary to obtain ethical approval from

the institutional review board at the author’s institution.

Data source

The data used in the present study were extrapolated from a publicly available online survey [66].

From 25 September 2011 to10 October 2011, the data were collected by on-line survey in English

language via Harris Interactive in the United Kingdom. This data consists of a sample of 1387 full time

employed individuals (22-65 year old). The study has been designed to investigate the in�uence of

social and physical environment in the workplace on health, well-being and behaviour. Information in

the questionnaire included demographic information, living location and conditions, neighbourhood

and socialization, physical activity, other activities, commuting, visits and engagement with green

space, green exercise and barriers to visiting green space. In the questionnaire, green space includes

public parks, public gardens, public wooded area, common ground, public recreational space, local

o�-road footpaths or cycle ways. Vigorous exercises include activities such as heavy lifting, digging,

aerobics, running or fast cycling. Moderate exercises include activities such as cycling, and light

games.

Main variables

Socio-demographic factors

Socio-demographic factors were age (continuous, unit: year, ranging from 22 to 65 years), gender

(female=0, male=1), nationality, marital status, education level, household income, neighbourhood

diversity, and self-reported health.

British nationality

In the sample, the distribution of nationality was British (87.31%), Irish (1.51%), any other white

background (5.34%), white and black Caribbean (0.07%), white and black African (0.22%), white and

Asian (0.36%), any other mixed background (0.43%), Indian (1.87%), Pakistani (0.50%), Bangladeshi

(0.14%), any other Asian background (0.29%), Caribbean (0.22%), African (0.65%), any other black

background (0.07%), Chinese (0.43%), and any other ethnic origin (0.58%).

Marital status
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In the sample, the distribution of marital status was never married (25.38%), married or civil union

(48.09%), divorced (5.62%), separated (1.80%), widow/widower (0.94%), living with partner

(17.66%), decline to answer (0.50%). The observations with decline to answer are deleted. Thus,

single status can be de�ned with the response options of no (0= never married/ divorced/ separated/

widow/widower) and yes (1= married or civil union/ living with partner).

Education level

Education was assessed by the question: “Which of the following, if any, is the highest educational or

professional quali�cation you have obtained?” The response options were GCSE/O-Level/CSE

(14.49%), vocational quali�cations (11.10%), A-Level/Scottish higher or equivalent (18.67%), bachelor

degree or equivalent (35.26%), masters/PhD or equivalent (16.29%), no formal quali�cations (1.37%),

other (2.09%), still studying (0.72%). For statistical convenience, the variable was renamed as

academic degree and recoded into no (GCSE/O-Level/CSE, vocational quali�cations, A-Level/Scottish

higher or equivalent, no formal quali�cations, other, still studying) and yes (bachelor degree or

equivalent and masters/PhD or equivalent).

Household income

Income was assessed by the question: “Which of the following income categories best describes your

total 2010 household income before taxes?” The response options were less than £10,000 (1.08%),

£10,000 to £14,999 (3.46%), £15,000 to £19,999 (7.28%), £20,000 to £24,999 (9.23%), £25,000 to

£29,999 (9.16%), £30,000 to £39,999 (19.39%), £40,000 to £49,999 (12.69%), £50,000 to £74,999

(17.59%), £75,000 to £99,999 (6.06%), £100,000 to £149,999 (1.80%), £150,000 or more (1.30%),

prefer not to say(10.96%). The observations with “prefer not to say” are deleted. Here, low income

was de�ned with the response options with no (=0, £40,000 or more) and yes (=1, less than and equal

to £39,999).

Neighbourhood diversity

Neighbourhood diversity was assessed by the question of “How diverse is your neighbourhood?” with

the response options of not at all diverse (13.12%), not very diverse (32.44%), somewhat diverse

(35.04%), very diverse (13.34%), and extremely diverse (6.06%). For statistical convenience, the

variable was recoded into no (0=not at all diverse/ not very diverse) and yes (1= somewhat diverse/

very diverse/ extremely diverse).
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Poor self-reported health

Self-reported health was assessed with a single item which asked “Overall, how would you rate your

health in the past month?” The response options were terrible (0.94%), very poor (2.02%), poor

(8.51%), fair (27.33%), good (33.24%), very good (21.27%), and excellent (6.71%). Thus, poor self-

reported health can be de�ned with the response options of no (0=fair/good/very good/excellent) and

yes (1=terrible/very poor/poor).

Geographical features of green spaces

Characteristics of green space included perceived quality, perceived accessibility, percentage of local

accessible green spaces available near work (LGS %), and number of barriers to green space. Perceived

accessibility to green space was assessed by asking participants “How easy is it to get to the green

space local to your work?” Participants responded from 1 = “very di�cult” to 7 = “very easy”. The

observations with “Don’t know” are deleted. Among the available 1,365 observations, the response

options were distributed by very di�cult (0.44%), di�cult (0.81%), somewhat di�cult (2.05%),

neither easy nor di�cult (7.40%), somewhat easy (14.29%), easy (23.30%), and very easy (51.72%).

For statistical convenience, perceived accessibility quality was recoded as di�cult access (0=very

di�cult/di�cult/somewhat di�cult/neither easy nor di�cult) and easy access(1=somewhat

easy/easy/very easy). 

Perceived quality was assessed with a single item that asked “Considering number, size and quality,

how would you rate the quality of your local accessible green spaces that are close to your work?”

Participants responded from 1 = “Terrible” to 7 = “Excellent”. The observations with “Don’t know”

are excluded. Among the available 1,366 observations, the response options were distributed by

terrible (0.51%), very poor (1.10%), poor (4.32%), fair (19.11%), good (27.23%),very good (26.43%),

and excellent (21.30%). For statistical convenience, perceived quality was recoded as low quality

(0=more than and equal to 15 minutes) and high quality (1=less than and equal to 10 minutes). 

Barriers to green space included lack of time, distance, size, quality, access, undesirable people, lack of

other people, safety, dogs , own health, lack of motivation, tiredness, don't wish to, and too many

people. Thus, number of barriers to green space was obtained by sum of all the barriers to green space.
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Travel duration

Travel duration to green space was assessed by the question of “How long does it take you to get to the

green space local to your work?” Among the available 1331 observations, the distribution of response

options were 0-5 minutes (47.18%), 5-10 minutes (35.01%),15-20 minutes (14.05%), 20-25 minutes

(2.33%), 25-30 minutes (0.98%), and more than 30 minutes (0.45%). For statistical convenience,

travel duration was recoded as 0 (more than and equal to 15 minutes) and 1 (less than and equal to 10

minutes). 

Outcome variables

Daily visit

Visit frequency to green space was assessed by asking participants “How often do you visit the green

space closest to your work?” The response options were every day (10.31%), few times a week

(18.75%), once a week (15.14%), few times a month (20.62%), once a month (8.22%), rarely (22.93%),

and never visit my local green space or any (4.04%). Thus, daily visit was obtained with the response

options with no (0=few times a week, once a week, few times a month, once a month, rarely, never

visit my local green space or any) and yes (=1).

Visiting and exercise time

Hours visiting local and non-local green spaces was re�ected by the question: “Thinking of last week,

how many hours on average do you engage in each of these activities per week?” The answers were

hours visiting local and non-local green spaces, respectively. Physical exercise time included vigorous

exercise time and non-vigorous exercise time. The former was re�ected by the question: “Thinking of

last week, how much time per day (on average) did you spend doing vigorous exercise?” The latter was

re�ected by the question: “Thinking of last week, how much time per day (on average) did you spend

doing non-vigorous exercise?” The responses were continuous variables with unit of hour.

Statistical analyses

We �rst examined daily visit di�erences in socioeconomic factors, geographical features of green

spaces, transport modes, and visiting and exercise time using the Chi-square test. Then, hierarchical

regression was conducted to examine whether neighbourhood diversity and single status moderated

qeios.com doi.org/10.32388/HZNCLH 8

https://www.qeios.com/
https://doi.org/10.32388/HZNCLH


the association of geographical features of green spaces (perceived quality, perceived accessibility,

LGS %, number of barriers to green space, and travel duration) with daily visit. Logistic regressions

were conducted to examine whether neighbourhood diversity and single status moderated the

associations of geographical features of green spaces (perceived quality, perceived accessibility, LGS

%, number of barriers to green space, and travel duration) with transport modes. With �xed e�ects of

socioeconomic factors, linear regressions with multiple �xed e�ects were conducted to examine

whether neighbourhood diversity and single status moderated the associations of geographical

features of green spaces (perceived quality, perceived accessibility, LGS %, number of barriers to

green space, and travel duration) with visiting and exercise time. Statistical analysis was performed

using Stata SE17 (Stata Corp LLC). 

Result

Sample characteristics

Participants' (n = 1387) average age was 41.36 years (SD, 10.87) ranging from 22 to 65 years, 57.10%

were male and 87.31% were of British nationality.  Among the available 1,331 employed persons,

26.30% travel to green space by car, 4.88% travel to green space by bus, 2.03% travel to green space by

train, 9.54% travel to green space by cycle, 86.55% walk to green space, and 1.28% other - travel to

green space by.There are signi�cant di�erences between the employees with and without daily visit

regarding single status, low income, car mode, perceived quality, perceived accessibility, travel

duration, age, hours visiting local green spaces, hours visiting non-local green spaces, LGS

%,vigorous exercise time, and non-vigorous exercise time.
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  Daily visit chi2 P

  No (%) Yes (%)    

Gender ((n=1387)     0.6898 0.406

No 38.14  4.76    

Yes 51.55 5.55     

Single status ((n=1380)     5.4351 0.020**

No 58.33 7.75    

Yes 31.30  2.61     

British nationality ((n=1387 )     0.5734 0.449

No 11.18 1.51     

Yes 78.51 8.80    

Academic degree ((n=1387)     0.3365  0.562

No 43.69 4.76    

Yes 46.00 5.55    

Low income ((n=1387 )     6.0547 0.014**

No 44.20 6.20    

Yes 45.49 4.11    

Neighbour diversity ((n=1387)     1.4710 0.225

No 40.37 5.19    

Yes 49.32 5.12    

Poor SRH ((n=1387)     0.4399 0.507

No 79.24 9.30    

Yes 10.45 1.01    

Car mode ((n=1331 )     3.7281 0.054*

No 65.06 8.64    

Yes 24.19 2.10    
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  Daily visit chi2 P

Bus mode ((n=1331)     0.0000 0.995

No 84.90 10.22     

Yes 4.36 0.53    

Train mode ((n=1331)     1.7371 0.188

No 87.60 10.37    

Yes 1.65 0.38    

Cycle mode((n=1331)     1.0220 0.312

No 80.99 9.47     

Yes 8.26 1.28    

Walk mode((n=1331)     2.6137 0.106

No 12.47 0.98    

Yes 76.78  9.77    

Other ((n=1331)     0.8557 0.355

No 88.20 10.52    

Yes 1.05 0.23     

Perceived quality ((n=1366)     19.7820 0.000***

No 24.01 1.02    

Yes 65.52 9.44    

Perceived accessibility ((n=1365)     8.6678 0.003***

No 10.33 0.37    

Yes 79.19 10.11    

Travel duration ((n=1331)     16.3247 0.000***

No 17.21 0.60    

Yes 72.05 10.14    

  Mean(se) Mean(se) Di�erence  P
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  Daily visit chi2 P

Age 40.954(0.303)  44.916(0.980) -3.962(0.954)  0.000***

Hours visiting local green spaces 1.642(0.073) 5.371(0.396) -3.728(0.254)  0.000***

Hours visiting non-local green spaces 1.158(0.064) 2.035(0.450) -0.877(0.242)  0.000***

Local Green Space % 49.323(0.751)  60.620(2.431)  -11.297(2.348)  0.000***

Vigorous exercise time 7.947(0.088)  9.280(0.297)  -1.333(0.274)  0.000***

Non-vigorous exercise time 8.936(0.059)  9.874(0.189)  -0.938(0.182) 0.000***

N 1244 143    

Table 1. Sample characteristics.

* p<0.1,** p<0.05, *** p<0.01

 

Relationships between visiting and exercise time

The relationships of hours visiting local green spaces with vigorous and non-vigorous exercise time at

green space can be seen in �gures 1 and 2. Basically, long hours visiting local green spaces possibly

lead to long vigorous and non-vigorous exercise time at green space. There are signi�cant di�erences

between the persons with and without daily visit regarding the relationships of interest.

The relationships of hours visiting non-local green space with vigorous and non-vigorous exercise

time at green space can be seen in �gures 3 and 4. Basically, long hours visiting non-local green space

possibly lead to long vigorous and non-vigorous exercise time at green space. There are signi�cant

di�erences between the employees with and without daily visit regarding the relationships of interest.

Thus, Hypothesis 1 was supported.  
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Figure 1. Vigorous exercise time.

Figure 2.Non-vigorous exercise time.
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Figure 3. Vigorous exercise time.

Figure 4.Non-vigorous exercise time.
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Associations with daily visit

Age, perceived quality, LGS %, barriers, travel duration, perceived quality×neighbourhood diversity,

and perceived accessibility×single status were identi�ed signi�cant factors associated with daily visit.

Here, barriers were the strongest factor associated with daily visit, followed by perceived

quality×neighbourhood diversity, single status, perceived accessibility×single status, perceived

quality, LGS %, age, and travel duration. Neighbourhood diversity moderated the association of

perceived quality with daily visit. Single status moderated the association of perceived accessibility

with daily visit. Thus, Hypothesis 2 was supported. 
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  Model 1 Model 2 Model 3 Model 4

Age
0.118***

(0.001) 

0.088***

(0.001)

0.086***

(0.001) 

0.085***

(0.001) 

Gender 
-0.023

(0.018)
-0.030 (0.018) -0.029(0.018)  -0.034(0.018) 

Single status
-0.034

(0.018)
-0.028 (0.018) -0.025 (0.018) -0.137*(0.054) 

British nationality
-0.032

(0.028)

-0.050*

(0.028)
-0.050*(0.028)  -0.047 (0.029)

Academic degree 0.030 (0.019) 0.035 (0.019) 0.038(0.019)  0.038(0.019) 

Low income
-0.051*

(0.019) 
-0.027 (0.018) -0.024(0.019)  -0.023(0.019) 

Neighbour diversity
-0.007

(0.018)
0.031 (0.019) -0.013(0.064)  -0.003(0.064) 

Poor SRH
-0.009

(0.028)
0.015 (0.028) 0.015(0.028)  0.012 (0.027)

Perceived quality   0.048* (0.019) 0.119***(0.025)  0.121***(0.031) 

Perceived accessibility   0.010 (0.025) -0.028 (0.043) -0.060(0.052) 

LGS %  
0.093***

(0.000) 
0.076* (0.001) 0.095* (0.001)

Barriers  
-0.119***

(0.006) 

-0.158***

(0.010) 

-0.186***

(0.011) 

Travel duration  
0.062***

(0.018) 

0.068 **

{0.026) 
0.065* (0.030)

Perceived quality×neighbourhood

diversity
   

-0.151 ***

{0.036)

-0.158***

(0.037) 

Perceived accessibility×neighbourhood

diversity
    0.109(0.051) 0.096(0.052) 

LGS %×neighbourhood diversity     0.033 (0.001) 0.038(0.001) 
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  Model 1 Model 2 Model 3 Model 4

Barriers×neighbourhood diversity     0.062 (0.013) 0.061 (0.013)

Travel duration×neighbourhood

diversity
    -0.005(0.035)  -0.001 (0.036)

Perceived quality×single status         -0.003(0.038) 

Perceived accessibility×single status        0.129** (0.045)

LGS %×single status        -0.060 (0.001)

Barriers×single status        0.062 (0.013)

Travel duration×single status       0.003(0.035) 

R-squared 0.021 0.057 0.062 0.066

R2 change   0.037  0.005 0.004

Table 2. Hierarchical regression on daily visit. (N=1270)

Standard errors in parentheses. * p<0.1,** p<0.05, *** p<0.01.

 

Associations with transport modes

In Table 3, perceived accessibility, barriers, and LGS %×neighbourhood diversity is identi�ed

signi�cant factor positively associated with choice of car. Age, perceived quality, perceived

accessibility, and perceived accessibility×neighbourhood diversity is identi�ed signi�cant factor

positively associated with choice of bus. Age, gender, single status, British nationality, and perceived

accessibility is identi�ed signi�cant factor positively associated with choice of train. Age, gender,

academic degree, and diversity is identi�ed signi�cant factor positively associated with choice of

cycle. Academic degree, perceived accessibility,travel duration, and LGS %×neighbourhood diversity is

identi�ed signi�cant factor positively associated with choice of walk.Thus, Hypothesis 3 was

supported. 
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  Car Bus Train Cycle Walk

Age
1.001(0.989-

1.012)

0.962***

(0.936-0.988)

0.907***

(0.859-0.957)

0.978**

(0.961-0.995)

1.009(0.994-

1.025)

Gender 
1.024(0.788-

1.329)

1.061(0.611-

1.843)

11.705***

(2.672-

51.280)

1.575**

(1.054-2.353)

1.121(0.788-

1.596)

Single status
0.590(0.210-

1.657)

1.964(0.313-

12.318)

25.418**

(1.577-

409.766)

0.229(0.039-

1.330)

0.795(0.237-

2.668)

British nationality
1.023(0.696-

1.504)

0.693(0.351-

1.369)

0.349**

(0.126-0.966)

0.794(0.468-

1.345)

0.743(0.431-

1.281)

Academic degree
0.984(0.752-

1.288)

0.825(0.466-

1.462)

0.560(0.210-

1.489)

1.580**

(1.047-2.384)

1.469**

(1.020-2.114)

Low income
0.883(0.672-

1.159)

1.088(0.614-

1.930)

0.837(0.329-

2.131)

0.721(0.479-

1.086)

0.883(0.613-

1.272)

diversity
  0.508(0.205-

1.260)

0.539(0.097-

3.011)

0.147(0.011-

2.016)

0.259*

(0.066-1.024)

2.081(0.694-

6.235)

Poor SRH
0.999(0.661-

1.510)

0.906(0.362-

2.266)

0.692(0.137-

3.483)

0.600(0.281-

1.281)

0.749(0.446-

1.259)

Perceived quality
0.958(0.557-

1.647)

4.987*

(0.774-

32.123)

12.382(0.508-

301.949)

0.864(0.372-

2.003)

1.367(0.681-

2.745)

Perceived accessibility

0.468**

(0.226-

0.966)

0.180*(0.027-

1.209)

0.079*(0.004-

1.606)

0.445(0.144-

1.378)

2.440**

(1.043-5.704)

LGS %
0.995(0.988-

1.003)

0.981(0.960-

1.004)

0.970(0.927-

1.016)

0.998(0.986-

1.009)

1.005(0.995-

1.016)

Barriers
1.202***

(1.052-1.374)

0.958(0.642-

1.430)

1.184(0.677-

2.071)

0.834(0.668-

1.041)

0.907(0.760-

1.082)
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  Car Bus Train Cycle Walk

Travel duration
0.802(0.442-

1.454)

0.404(0.092-

1.764)

0.547(0.048-

6.297)

0.804(0.302-

2.144)

1.881*(0.911-

3.882)

Perceived

quality×neighbourhood

diversity

1.354(0.690-

2.658)

0.370(0.056-

2.440)

0.376(0.012-

11.422)

1.292(0.457-

3.651)

0.507(0.213-

1.206)

Perceived

accessibility×neighbourhood

diversity

1.331(0.545

-3.253)

10.212**

(1.365-

76.381)

6.990(0.246-

198.686)

2.364(0.576-

9.703)

0.797(0.284-

2.236)

LGS %×neighbourhood

diversity

1.011**(1.001-

1.022)

1.003(0.979-

1.028)

1.035(0.983-

1.089)

1.007(0.993-

1.022)

0.986**

(0.973-1.000)

Barriers×neighbourhood

diversity

0.893(0.749-

1.064)

1.235(0.796-

1.917)

1.229(0.652-

2.318)

1.174(0.889-

1.549)

1.097(0.873-

1.380)

Travel

duration×neighbourhood

diversity

0.594(0.291-

1.215)

0.631(0.134-

2.982)

0.761(0.060-

9.734)

0.680(0.216-

2.138)

1.998(0.836-

4.774)

Perceived quality×single

status  

0.875(0.436-

1.758)

0.485(0.115-

2.040)

0.382(0.022-

6.487)

1.407(0.465-

4.261)

1.600(0.657-

3.897)

Perceived accessibility×single

status 

1.007(0.398-

2.547)

0.712(0.133-

3.812)

0.531(0.032-

8.805)

1.538(0.309-

7.653)

2.285(0.803-

6.502)

LGS %×single status 
1.004(0.993-

1.014)

1.017(0.994-

1.041)

0.973(0.922-

1.026)

1.001(0.986-

1.017)

0.995(0.981-

1.009)

Barriers×single status 
1.086(0.896-

1.315)

0.869(0.602-

1.254)

0.838(0.445-

1.578)

0.990(0.729-

1.345)

1.027(0.799-

1.318)

Travel duration×single status
1.320(0.645-

2.701)  

0.742(0.226-

2.433)

0.289(0.038-

2.169)

2.560(0.776-

8.449)

0.517(0.215-

1.244)

Table 3. Logistic regression on transport modes (N=1270).

95% con�dence interval in parentheses. * p<0.1,** p<0.05, *** p<0.01.
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Associations with visiting and exercise time

Barriers×neighbourhood diversity was identi�ed signi�cant factors positively associated with hours

visiting LGS. No factors speculated were identi�ed signi�cant factors positively associated with hours

visiting non-LGS. Perceived quality×neighbourhood diversity, LGS %×neighbourhood diversity, travel

duration×neighbourhood diversity, perceived accessibility×single status were identi�ed signi�cant

factors positively associated with vigorous exercise time. Perceived accessibility×neighbourhood

diversity, barriers×neighbourhood diversity, perceived quality×single status were identi�ed

signi�cant factors positively associated with non-vigorous exercise time. 

Neighbourhood diversity moderated the associations of barriers with hours visiting LGS.

Neighbourhood diversity moderated the associations of perceived quality, LGS %, travel duration, and

perceived accessibility with vigorous exercise time. Single status moderated the associations of

perceived accessibility with vigorous exercise time. Neighbourhood diversity moderated the

associations of perceived accessibility with vigorous exercise time. Single status moderated the

associations of perceived quality with vigorous exercise time. Thus, Hypotheses 4 and 5 were

supported. 
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Hours visiting

LGS

Hours visiting

non-LGS

Vigorous

exercise time

Non-vigorous

exercise time

Perceived quality×neighbourhood

diversity
0.467(0.358) 0.266(0.322)  1.218***(0.331)  0.321(0.241) 

Perceived

accessibility×neighbourhood

diversity

-0.015(0.424)  0.097(0.381)  -0.136(0.392)  0.533*(0.285) 

LGS %×neighbourhood diversity -0.002(0.005)  -0.002(0.005)  0.013***(0.005)  -0.004(0.003)

Barriers×neighbourhood diversity
-0.242***

(0.085) 
-0.005(0.076)  0.031(0.079)  0.012(0.057) 

Travel duration×neighbourhood

diversity
0.069(0.354)  -0.150(0.318) 

-1.268***

(0.328)
-0.344(0.238)  

Perceived quality×single status   0.611(0.420)  0.050(0.378)  0.110(0.389)  0.621** (0.283) 

Perceived accessibility×single

status 
-0.547(0.551) 0.031(0.496)  -0.895*(0.511) -0.531 (0.371) 

LGS %×single status  0.007(0.006)  -0.002(0.005)   0.001(0.006)   0.003(0.004)  

Barriers×single status  -0.159(0.113)  0.076(0.102)    -0.146(0.105)   0.067(0.076)   

Travel duration×single status 0.021(0.464)  -0.244(0.418)  0.625(0.430)   -0.313(0.312) 

Fixed e�ect        

Age Yes  Yes  Yes  Yes 

Gender  Yes  Yes  Yes  Yes 

British nationality Yes  Yes  Yes  Yes 

Academic degree Yes  Yes  Yes  Yes 

Low income Yes  Yes  Yes  Yes 

Poor SRH Yes  Yes  Yes  Yes 

R-squared 0.0766 0.0368 0.1897 0.0686

Adj R-squared 0.0324 -0.0093 0.1509 0.0240
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Hours visiting

LGS

Hours visiting

non-LGS

Vigorous

exercise time

Non-vigorous

exercise time

Within R-sq 0.0225 0.0036 0.0414 0.0234

Table 4. Linear regression with multiple �xed e�ects on visiting and exercise time (N=1270).

Standard errors in parentheses. * p<0.1,** p<0.05, *** p<0.01. LGS=local green spaces.

 

Discussion

The �ndings from this study informed long visiting hours to green space possibly lead to long

vigorous and non-vigorous exercise time at green space. Neighbourhood diversity moderated the

association of perceived quality with daily visit, while single status moderated the association of

perceived accessibility with daily visit. Neighbourhood diversity moderated the association of LGS %

with choices of car, bus, and walk. Neighbourhood diversity moderated the associations of barriers

with hours visiting LGS, the associations of perceived accessibility with vigorous exercise time, and

the associations of perceived quality, LGS %, travel duration, and perceived accessibility with vigorous

exercise time, respectively. Single status moderated the associations of perceived quality and

accessibility with vigorous exercise time, respectively.  

Hours visiting local and non-local green spaces vigorous exercise and non-vigorous exercise time

concentrated in the areas less than 5 hours. This can be mainly explained by working time and life

time. Physiologically, there were an optimal physical activity time for depressive symptoms [67] and

comorbid insomnia [68].

The association between geographical features of green spaces and green physical activity time was in

line with other studies. For example, a study in Australia indicated that park features and

characteristics highly valued for physical activity and social interaction [69]. Socioeconomic factors

were associated with distance to local green spaces [70]. The green space is functioned for exercise or

sociocultural activities [71]. The spatial inequity of urban green spaces in China could be explained by

socioeconomic contexts [72].Size of neighbourhood green spaces possibly increase outdoor walking

levels [73].Social setting does not in�uence individuals' attainment of the psychological outcomes of
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green exercise participation[74]. The relationships between socioeconomic characteristics and

transport modes are complex [75]. Choice of transport modes depend on socio-spatial inequalities of

travel time for access to physical activity facilities[76]. 

Park access was strongly associated with park physical activity [77]. Consistent with previous studies,

distance is highlighted in the statistical outcomes. For example, a short distance to a middle-sized

green area is appropriate for participation in green exercise[78]. Ecosystem services from green

spaces varied by distance to the urban center [79]. Likewise, increased distance from urban green

spaces possibly reduce the frequency of green exercise [80]. The duration of visits to urban green

spaces was positively associated with mental health and social functioning [81]. 

Strengths and limitations

This study has several strengths, including the younger and older population. In addition, we included

several important moderating factors in the �xed e�ect models, including single status

neighbourhood diversity that had not previously been included in previous studies of this nature. 

There are some particularly noteworthy limitations in this study. This study used self-report rather

than time series nature of the data. Obviously, the confounding e�ect of physical work was not

carefully considered. In addition, the generalizability of �ndings could be limited due to studies

comprising British full-time employees with age interval from 22 to 65 years. A main limitation of our

estimation is the cross-sectional design. Moreover, because only four indicators of geographical

features of green spaces are considered with cross-sectional data, the longitudinal relationship should

be conducted to discover potential causal links between the associations of interest. 

Conclusions

In conclusion, we add to previous �ndings that neighbourhood diversity and single status mediated

associations between geographical features of green spaces and green physical exercise. In addition,

geographical features of green spaces are identi�ed signi�cant factors associated with daily visit,

choices of transport modes, and visiting and exercise time. The research outcomes highlight the

geographical layout of green space in the visiting and exercise time.

 

 

qeios.com doi.org/10.32388/HZNCLH 23

https://www.qeios.com/
https://doi.org/10.32388/HZNCLH


References

[1] Capaldi, C. A., Dopko, R. L., & Zelenski, J. M. (2014). The relationship between nature connectedness

and happiness: a meta-analysis. Frontiers in psychology, 5, 976.

https://doi.org/10.3389/fpsyg.2014.00976

[2] Barragan-Jason, G., de Mazancourt, C., Parmesan, C., Singer, M. C., & Loreau, M. (2022). Human-

nature connectedness as a pathway to sustainability: A global meta-analysis. Conservation letters,

15(1), e12852. https://doi.org/10.1111/conl.12852

[3] Schönbach, D. M. I., Tiscareno-Osorno, X., MacIntyre, T. E., Smith, S., MacIntyre, D., & Demetriou,

Y. (2022). What socio-demographic characteristics of university students in Southern Germany

predict their urban nature connectedness?. PloS one, 17(8), e0272344.

https://doi.org/10.1371/journal.pone.0272344

[4] Das, A., & Gailey, S. (2022). Green exercise, mental health symptoms, and state lockdown policies:

A longitudinal study. Journal of environmental psychology, 82, 101848.

https://doi.org/10.1016/j.jenvp.2022.101848

[5] Piccininni, C., Michaelson, V., Janssen, I., & Pickett, W. (2018). Outdoor play and nature

connectedness as potential correlates of internalized mental health symptoms among Canadian

adolescents. Preventive medicine, 112, 168–175. https://doi.org/10.1016/j.ypmed.2018.04.020

[6] Huang, X., Luo, L., Li, X., Lin, Y., Chen, Z., & Jin, C. (2022). How Do Nature-Based Activities Bene�t

Essential Workers during the COVID-19 Pandemic? The Mediating E�ect of Nature Connectedness.

International journal of environmental research and public health, 19(24), 16501.

https://doi.org/10.3390/ijerph192416501

[7] Down, M. J. A., Chivers, P., Kirsch, P., & Picknoll, D. (2022). Wellbeing and nature connectedness for

emerging adult undergraduates after a short expedition: A small pilot study. Health promotion journal

of Australia : o�cial journal of Australian Association of Health Promotion Professionals, 33(3), 912–

919. https://doi.org/10.1002/hpja.555

[8] Akers, A., Barton, J., Cossey, R., Gainsford, P., Gri�n, M., & Micklewright, D. (2012). Visual color

perception in green exercise: positive e�ects on mood and perceived exertion. Environmental science

& technology, 46(16), 8661–8666. https://doi.org/10.1021/es301685g

qeios.com doi.org/10.32388/HZNCLH 24

https://www.qeios.com/
https://doi.org/10.32388/HZNCLH


[9] Jennings V, Gaither CJ. Approaching environmental health disparities and green spaces: an

ecosystem services perspective. Int J Environ Res Public Health. 2015;12(2):1952-1968. Published 2015

Feb 10. doi:10.3390/ijerph120201952

[10] Hunter RF, Cleland C, Cleary A, et al. Environmental, health, wellbeing, social and equity e�ects of

urban green space interventions: A meta-narrative evidence synthesis. Environ Int. 2019;130:104923.

doi:10.1016/j.envint.2019.104923

[11] Jin P, Gao Y, Liu L, Peng Z, Wu H. Maternal Health and Green Spaces in China: A Longitudinal

Analysis of MMR Based on Spatial Panel Model. Healthcare (Basel). 2019;7(4):154. Published 2019 Dec

2. doi:10.3390/healthcare7040154

[12] Henderson-Wilson C, Weerasuriya R. Feel blue, touch green: examples of green spaces promoting

mental health. BJPsych Int. 2017;14(4):85-87. Published 2017 Nov 1. doi:10.1192/s2056474000002075

[13] Coventry PA, Neale C, Dyke A, Pateman R, Cinderby S. The Mental Health Bene�ts of Purposeful

Activities in Public Green Spaces in Urban and Semi-Urban Neighbourhoods: A Mixed-Methods Pilot

and Proof of Concept Study. Int J Environ Res Public Health. 2019;16(15):2712. Published 2019 Jul 30.

doi:10.3390/ijerph16152712

[14] Gao T, Song R, Zhu L, Qiu L. What Characteristics of Urban Green Spaces and Recreational

Activities Do Self-Reported Stressed Individuals Like? A Case Study of Baoji, China. Int J Environ Res

Public Health. 2019;16(8):1348. Published 2019 Apr 15. doi:10.3390/ijerph16081348

[15] Noordzij JM, Beenackers MA, Oude Groeniger J, Van Lenthe FJ. E�ect of changes in green spaces

on mental health in older adults: a �xed e�ects analysis. J Epidemiol Community Health.

2020;74(1):48-56. doi:10.1136/jech-2019-212704

[16] Olszewska-Guizzo A, Sia A, Fogel A, Ho R. Can Exposure to Certain Urban Green Spaces Trigger

Frontal Alpha Asymmetry in the Brain?-Preliminary Findings from a Passive Task EEG Study. Int J

Environ Res Public Health. 2020;17(2):394. Published 2020 Jan 7. doi:10.3390/ijerph17020394

[17] Zhang L, Tan PY. Associations between Urban Green Spaces and Health are Dependent on the

Analytical Scale and How Urban Green Spaces are Measured. Int J Environ Res Public Health.

2019;16(4):578. Published 2019 Feb 16. doi:10.3390/ijerph16040578

[18] Pleson E, Nieuwendyk LM, Lee KK, Chaddah A, Nykiforuk CI, Schop�ocher D. Understanding older

adults' usage of community green spaces in Taipei, Taiwan. Int J Environ Res Public Health.

2014;11(2):1444-1464. Published 2014 Jan 27. doi:10.3390/ijerph110201444

qeios.com doi.org/10.32388/HZNCLH 25

https://www.qeios.com/
https://doi.org/10.32388/HZNCLH


[19] Takano T, Nakamura K, Watanabe M. Urban residential environments and senior citizens'

longevity in megacity areas: the importance of walkable green spaces. J Epidemiol Community Health.

2002;56(12):913-918. doi:10.1136/jech.56.12.913

[20] Chowdhury, M. Z. I., Leung, A. A., Sikdar, K. C., O'Beirne, M., Quan, H., & Turin, T. C. (2022).

Development and validation of a hypertension risk prediction model and construction of a risk score in

a Canadian population. Scienti�c reports, 12(1), 12780. https://doi.org/10.1038/s41598-022-16904-x

[21] Çoban, A. E., & Kaptan, N. (2022). Psychological and Behavioral Impacts of the COVID-19

Pandemic on Children and Adolescents in Turkey. International journal of environmental research and

public health, 19(23), 16207. https://doi.org/10.3390/ijerph192316207

[22] Luo, L., Zeng, X., Cao, Y., Hu, Y., Wen, S., Tang, K., Ding, L., Wang, X., & Song, N. (2023). The

Associations between Meeting 24-Hour Movement Guidelines (24-HMG) and Mental Health in

Adolescents-Cross Sectional Evidence from China. International journal of environmental research

and public health, 20(4), 3167. https://doi.org/10.3390/ijerph20043167

[23] Zaghi, A., Holm, H., Korduner, J., Dieden, A., Molvin, J., Bachus, E., Jujic, A., & Magnusson, M.

(2022). Physical Inactivity Is Associated With Post-discharge Mortality and Re-hospitalization Risk

Among Swedish Heart Failure Patients-The HARVEST-Malmö Study. Frontiers in cardiovascular

medicine, 9, 843029. https://doi.org/10.3389/fcvm.2022.843029

[24] Gladwell, Valerie (2016). Green exercise: The combined e�ect of the environment and exercise on

physical activity and health. [Data Collection]. Colchester, Essex: UK Data Archive. 10.5255/UKDA-SN-

852253

[25] Lahart, I., Darcy, P., Gidlow, C., & Calogiuri, G. (2019). The E�ects of Green Exercise on Physical

and Mental Wellbeing: A Systematic Review. International journal of environmental research and

public health, 16(8), 1352. https://doi.org/10.3390/ijerph16081352

[26] Fraser, M., Munoz, S. A., & MacRury, S. (2019). What Motivates Participants to Adhere to Green

Exercise?. International journal of environmental research and public health, 16(10), 1832.

https://doi.org/10.3390/ijerph16101832

[27] Rogerson, M., Wood, C., Pretty, J., Schoenmakers, P., Bloom�eld, D., & Barton, J. (2020). Regular

Doses of Nature: The E�cacy of Green Exercise Interventions for Mental Wellbeing. International

journal of environmental research and public health, 17(5), 1526.

https://doi.org/10.3390/ijerph17051526

qeios.com doi.org/10.32388/HZNCLH 26

https://www.qeios.com/
https://doi.org/10.32388/HZNCLH


[28] Selby, S., Hayes, C., O'Sullivan, N., O'Neil, A., & Harmon, D. (2019). Facilitators and barriers to

green exercise in chronic pain. Irish journal of medical science, 188(3), 973–978.

https://doi.org/10.1007/s11845-018-1923-x

[29] Rogerson, M., Brown, D. K., Sandercock, G., Wooller, J. J., & Barton, J. (2016). A comparison of four

typical green exercise environments and prediction of psychological health outcomes. Perspectives in

public health, 136(3), 171–180. https://doi.org/10.1177/1757913915589845

[30] Barton, J., & Pretty, J. (2010). What is the best dose of nature and green exercise for improving

mental health? A multi-study analysis. Environmental science & technology, 44(10), 3947–3955.

https://doi.org/10.1021/es903183r

[31] Wooller, J. J., Rogerson, M., Barton, J., Micklewright, D., & Gladwell, V. (2018). Can Simulated

Green Exercise Improve Recovery From Acute Mental Stress?. Frontiers in psychology, 9, 2167.

https://doi.org/10.3389/fpsyg.2018.02167

[32] Calogiuri, G., Evensen, K., Weydahl, A., Andersson, K., Patil, G., Ihlebæk, C., & Raanaas, R. K.

(2015). Green exercise as a workplace intervention to reduce job stress. Results from a pilot study.

Work (Reading, Mass.), 53(1), 99–111. https://doi.org/10.3233/WOR-152219

[33] Gladwell, V. F., Brown, D. K., Wood, C., Sandercock, G. R., & Barton, J. L. (2013). The great

outdoors: how a green exercise environment can bene�t all. Extreme physiology & medicine, 2(1), 3.

https://doi.org/10.1186/2046-7648-2-3

[34] Gri�n, A., Roselli, T., & Clemens, S. L. (2020). Trends in Total Physical Activity Time, Walking,

and Vigorous Physical Activity Time in Queensland Adults From 2004-2018. Journal of physical

activity & health, 17(6), 592–602. https://doi.org/10.1123/jpah.2019-0282  

[35] Gascon M, Triguero-Mas M, Martínez D, et al. Residential green spaces and mortality: A

systematic review. Environ Int. 2016;86:60-67. doi:10.1016/j.envint.2015.10.013

[36] Massa KH, Pabayo R, Lebrão ML, Chiavegatto Filho AD. Environmental factors and cardiovascular

diseases: the association of income inequality and green spaces in elderly residents of São Paulo,

Brazil. BMJ Open. 2016;6(9):e011850. Published 2016 Sep 6. doi:10.1136/bmjopen-2016-011850

[37] Plans E, Gullón P, Cebrecos A, et al. Density of Green Spaces and Cardiovascular Risk Factors in

the City of Madrid: The Heart Healthy Hoods Study. Int J Environ Res Public Health. 2019;16(24):4918.

Published 2019 Dec 5. doi:10.3390/ijerph16244918

qeios.com doi.org/10.32388/HZNCLH 27

https://doi.org/10.1123/jpah.2019-0282
https://www.qeios.com/
https://doi.org/10.32388/HZNCLH


[38] Leng H, Li S, Zhao H, Song Y, Yuan Q. Planning for Supportive Green Spaces in the Winter City of

China: Linking Exercise of Elderly Residents and Exercise Prescription for Cardiovascular Health. Int J

Environ Res Public Health. 2020;17(16):E5762. Published 2020 Aug 10. doi:10.3390/ijerph17165762

[39] Ngom R, Gosselin P, Blais C, Rochette L. Type and Proximity of Green Spaces Are Important for

Preventing Cardiovascular Morbidity and Diabetes--A Cross-Sectional Study for Quebec, Canada. Int J

Environ Res Public Health. 2016;13(4):423. Published 2016 Apr 14. doi:10.3390/ijerph13040423

[40] Moreira TCL, Polizel JL, Santos IS, et al. Green Spaces, Land Cover, Street Trees and Hypertension

in the Megacity of São Paulo. Int J Environ Res Public Health. 2020;17(3):725. Published 2020 Jan 22.

doi:10.3390/ijerph17030725

[41] Tamosiunas A, Grazuleviciene R, Luksiene D, et al. Accessibility and use of urban green spaces,

and cardiovascular health: �ndings from a Kaunas cohort study. Environ Health. 2014;13(1):20.

Published 2014 Mar 19. doi:10.1186/1476-069X-13-20

[42] Leng H, Li S, Yan S, An X. Exploring the Relationship between Green Space in a Neighbourhood

and Cardiovascular Health in the Winter City of China: A Study Using a Health Survey for Harbin. Int J

Environ Res Public Health. 2020;17(2):513. Published 2020 Jan 14. doi:10.3390/ijerph17020513

[43] Yeh CT, Cheng YY, Liu TY. Spatial Characteristics of Urban Green Spaces and Human Health: An

Exploratory Analysis of Canonical Correlation. Int J Environ Res Public Health. 2020;17(9):3227.

Published 2020 May 6. doi:10.3390/ijerph17093227

[44] Chang PJ, Bae SY. Positive Emotional E�ects of Leisure in Green Spaces in Alleviating Work-

Family Spillover in Working Mothers. Int J Environ Res Public Health. 2017;14(7):757. Published 2017

Jul 11. doi:10.3390/ijerph14070757

[45] Sugano, R., Ikegami, K., Eguchi, H., Tsuji, M., Tateishi, S., Nagata, T., Matsuda, S., Fujino, Y., &

Ogami, A. (2022). A Cross-Sectional Study of the Relationship Between Exercise, Physical Activity, and

Health-Related Quality of Life Among Japanese Workers. Frontiers in sports and active living, 4,

809465. https://doi.org/10.3389/fspor.2022.809465

[46] van Baak, M. A., Pramono, A., Battista, F., Beaulieu, K., Blundell, J. E., Busetto, L., Carraça, E. V.,

Dicker, D., Encantado, J., Ermolao, A., Farpour-Lambert, N., Woodward, E., Bellicha, A., & Oppert, J. M.

(2021). E�ect of di�erent types of regular exercise on physical �tness in adults with overweight or

obesity: Systematic review and meta-analyses. Obesity reviews : an o�cial journal of the

qeios.com doi.org/10.32388/HZNCLH 28

https://www.qeios.com/
https://doi.org/10.32388/HZNCLH


International Association for the Study of Obesity, 22 Suppl 4(Suppl 4), e13239.

https://doi.org/10.1111/obr.13239

[47] Shobeiri, P., Seyedmirzaei, H., Karimi, N., Rashidi, F., Teixeira, A. L., Brand, S., Sadeghi-Bahmani,

D., & Rezaei, N. (2022). IL-6 and TNF-α responses to acute and regular exercise in adult individuals

with multiple sclerosis (MS): a systematic review and meta-analysis. European journal of medical

research, 27(1), 185. https://doi.org/10.1186/s40001-022-00814-9

[48] Jaakkola, J. J. K., Aalto, S. A. M., Hernberg, S., Kiihamäki, S. P., & Jaakkola, M. S. (2019). Regular

exercise improves asthma control in adults: A randomized controlled trial. Scienti�c reports, 9(1),

12088. https://doi.org/10.1038/s41598-019-48484-8

[49] Chubanava, S., & Treebak, J. T. (2023). Regular exercise e�ectively protects against the aging-

associated decline in skeletal muscle NAD content. Experimental gerontology, 173, 112109.

https://doi.org/10.1016/j.exger.2023.112109

[50] Chang, C. F., Lee, J. I., Huang, S. P., Geng, J. H., & Chen, S. C. (2022). Regular Exercise Decreases

the Risk of Osteoporosis in Postmenopausal Women. Frontiers in public health, 10, 897363.

https://doi.org/10.3389/fpubh.2022.897363

[51] Brondeel, R., Kestens, Y., & Chaix, B. (2017). An evaluation of transport mode shift policies on

transport-related physical activity through simulations based on random forests. The international

journal of behavioral nutrition and physical activity, 14(1), 143. https://doi.org/10.1186/s12966-017-

0600-1

[52] Avila-Palencia, I., Int Panis, L., Dons, E., Gaupp-Berghausen, M., Raser, E., Götschi, T., Gerike, R.,

Brand, C., de Nazelle, A., Orjuela, J. P., Anaya-Boig, E., Stigell, E., Kahlmeier, S., Iacorossi, F., &

Nieuwenhuijsen, M. J. (2018). The e�ects of transport mode use on self-perceived health, mental

health, and social contact measures: A cross-sectional and longitudinal study. Environment

international, 120, 199–206. https://doi.org/10.1016/j.envint.2018.08.002

[53] Dons, E., Rojas-Rueda, D., Anaya-Boig, E., Avila-Palencia, I., Brand, C., Cole-Hunter, T., de

Nazelle, A., Eriksson, U., Gaupp-Berghausen, M., Gerike, R., Kahlmeier, S., Laeremans, M., Mueller, N.,

Nawrot, T., Nieuwenhuijsen, M. J., Orjuela, J. P., Racioppi, F., Raser, E., Standaert, A., Int Panis, L., …

Götschi, T. (2018). Transport mode choice and body mass index: Cross-sectional and longitudinal

evidence from a European-wide study. Environment international, 119, 109–116.

https://doi.org/10.1016/j.envint.2018.06.023

qeios.com doi.org/10.32388/HZNCLH 29

https://doi.org/10.3389/fpubh.2022.897363
https://www.qeios.com/
https://doi.org/10.32388/HZNCLH


[54] Morency, P., Strauss, J., Pépin, F., Tessier, F., & Grondines, J. (2018). Traveling by Bus Instead of

Car on Urban Major Roads: Safety Bene�ts for Vehicle Occupants, Pedestrians, and Cyclists. Journal of

urban health : bulletin of the New York Academy of Medicine, 95(2), 196–207.

https://doi.org/10.1007/s11524-017-0222-6

[55] Webb, E., Laverty, A., Mindell, J., & Millett, C. (2016). Free Bus Travel and Physical Activity, Gait

Speed, and Adiposity in the English Longitudinal Study of Ageing. American journal of public health,

106(1), 136–142. https://doi.org/10.2105/AJPH.2015.302907

[56] Lin, Y. J., Shih, T. S., Wu, W. T., & Guo, Y. L. (2023). The association of job fatigue with mental

disorders among bus drivers. Scandinavian journal of work, environment & health, 49(1), 75–83.

https://doi.org/10.5271/sjweh.4065

[57] Sugiyama, T., Wijndaele, K., Koohsari, M. J., Tanamas, S. K., Dunstan, D. W., & Owen, N. (2016).

Adverse associations of car time with markers of cardio-metabolic risk. Preventive medicine, 83, 26–

30. https://doi.org/10.1016/j.ypmed.2015.11.029

[58] Sui, X., Brown, W. J., Lavie, C. J., West, D. S., Pate, R. R., Payne, J. P., & Blair, S. N. (2015).

Associations between television watching and car riding behaviors and development of depressive

symptoms: a prospective study. Mayo Clinic proceedings, 90(2), 184–193.

https://doi.org/10.1016/j.mayocp.2014.12.006

[59] Sugiyama, T., Ding, D., & Owen, N. (2013). Commuting by car: weight gain among physically

active adults. American journal of preventive medicine, 44(2), 169–173.

https://doi.org/10.1016/j.amepre.2012.09.063

[60] Flórez Pregonero, A., Gómez, L. F., Parra, D. C., Cohen, D. D., Arango Paternina, C. M., & Lobelo, F.

(2012). Time spent traveling in motor vehicles and its association with overweight and abdominal

obesity in Colombian adults who do not own a car. Preventive medicine, 54(6), 402–404.

https://doi.org/10.1016/j.ypmed.2012.04.002

[61] Calogiuri, G., Patil, G. G., & Aamodt, G. (2016). Is Green Exercise for All? A Descriptive Study of

Green Exercise Habits and Promoting Factors in Adult Norwegians. International journal of

environmental research and public health, 13(11), 1165. https://doi.org/10.3390/ijerph13111165

[62] Han, K. T., & Wang, P. C. (2018). Empirical Examinations of E�ects of Three-Level Green Exercise

on Engagement with Nature and Physical Activity. International journal of environmental research

and public health, 15(2), 375. https://doi.org/10.3390/ijerph15020375

qeios.com doi.org/10.32388/HZNCLH 30

https://doi.org/10.3390/ijerph15020375
https://www.qeios.com/
https://doi.org/10.32388/HZNCLH


[63] Ribeiro, A. I., Fraga, S., Severo, M., Kelly-Irving, M., Delpierre, C., Stringhini, S., Kivimaki, M.,

Joost, S., Guessous, I., Severi, G., Giles, G., Sacerdote, C., Vineis, P., Barros, H., & LIFEPATH

Consortium (2022). Association of neighbourhood disadvantage and individual socioeconomic

position with all-cause mortality: a longitudinal multicohort analysis. The Lancet. Public health, 7(5),

e447–e457. https://doi.org/10.1016/S2468-2667(22)00036-6

[64] Wayas, F. A., Smith, J. A., Lambert, E. V., Guthrie-Dixon, N., Wasnyo, Y., West, S., Oni, T., & Foley,

L. (2023). Association of Perceived Neighbourhood Walkability with Self-Reported Physical Activity

and Body Mass Index in South African Adolescents. International journal of environmental research

and public health, 20(3), 2449. https://doi.org/10.3390/ijerph20032449

[65] Berger, N., Lewis, D., Quartagno, M., Njagi, E. N., & Cummins, S. (2019). Longitudinal associations

between perceptions of the neighbourhood environment and physical activity in adolescents: evidence

from the Olympic Regeneration in East London (ORiEL) study. BMC public health, 19(1), 1760.

https://doi.org/10.1186/s12889-019-8003-7

[66] Gladwell, Valerie (2016). Green exercise: The combined e�ect of the environment and exercise on

physical activity and health. [Data Collection]. Colchester, Essex: UK Data Archive. 10.5255/UKDA-SN-

852253

[67] Kikkawa, M., Shimura, A., Nakajima, K., Morishita, C., Honyashiki, M., Tamada, Y., Higashi, S.,

Ichiki, M., Inoue, T., & Masuya, J. (2023). Mediating E�ects of Trait Anxiety and State Anxiety on the

E�ects of Physical Activity on Depressive Symptoms. International journal of environmental research

and public health, 20(7), 5319. https://doi.org/10.3390/ijerph20075319

[68] Liu, Z., Zhang, Y., Sun, L., Wang, J., Xia, L., Yang, Y., Sun, F., Li, W., Yao, X., Yang, R., & Liu, H.

(2023). Physical activity levels associated with insomnia and depressive symptoms in middle-aged

and elderly patients with chronic schizophrenia. Frontiers in psychiatry, 13, 1045398.

https://doi.org/10.3389/fpsyt.2022.1045398

[69] Veitch, J., Biggs, N., Deforche, B., & Timperio, A. (2022). What do adults want in parks? A

qualitative study using walk-along interviews. BMC public health, 22(1), 753.

https://doi.org/10.1186/s12889-022-13064-5

[70] Wen M, Zhang X, Harris CD, Holt JB, Croft JB. Spatial disparities in the distribution of parks and

green spaces in the USA. Ann Behav Med. 2013;45 Suppl 1(Suppl 1):S18-S27. doi:10.1007/s12160-012-

9426-x

qeios.com doi.org/10.32388/HZNCLH 31

https://doi.org/10.1186/s12889-022-13064-5
https://www.qeios.com/
https://doi.org/10.32388/HZNCLH


[71] Lee AC, Jordan HC, Horsley J. Value of urban green spaces in promoting healthy living and

wellbeing: prospects for planning. Risk Manag Healthc Policy. 2015;8:131-137. Published 2015 Aug 27.

doi:10.2147/RMHP.S61654

[72] He S, Wu Y, Wang L. Characterizing Horizontal and Vertical Perspectives of Spatial Equity for

Various Urban Green Spaces: A Case Study of Wuhan, China. Front Public Health. 2020;8:10. Published

2020 Feb 19. doi:10.3389/fpubh.2020.00010

[73] Zandieh R, Martinez J, Flacke J. Older Adults' Outdoor Walking and Inequalities in Neighbourhood

Green Spaces Characteristics. Int J Environ Res Public Health. 2019;16(22):4379. Published 2019 Nov 9.

doi:10.3390/ijerph16224379

[74] Rogerson, M., Colbeck, I., Bragg, R., Dosumu, A., & Gri�n, M. (2020). A�ective Outcomes of

Group versus Lone Green Exercise Participation. International journal of environmental research and

public health, 17(2), 624. https://doi.org/10.3390/ijerph17020624

[75] Rachele, J. N., Kavanagh, A. M., Badland, H., Giles-Corti, B., Washington, S., & Turrell, G. (2015).

Associations between individual socioeconomic position, neighbourhood disadvantage and transport

mode: baseline results from the HABITAT multilevel study. Journal of epidemiology and community

health, 69(12), 1217–1223. https://doi.org/10.1136/jech-2015-205620

[76] Ferguson, N. S., Lamb, K. E., Wang, Y., Ogilvie, D., & Ellaway, A. (2013). Access to recreational

physical activities by car and bus: an assessment of socio-spatial inequalities in mainland Scotland.

PloS one, 8(2), e55638. https://doi.org/10.1371/journal.pone.0055638

[77] Pyky, R., Neuvonen, M., Kangas, K., Ojala, A., Lanki, T., Borodulin, K., & Tyrväinen, L. (2019).

Individual and environmental factors associated with green exercise in urban and suburban areas.

Health & place, 55, 20–28. https://doi.org/10.1016/j.healthplace.2018.11.001

[78] Petruno�, N. A., Yi, N. X., Dickens, B., Sia, A., Koo, J., Cook, A. R., Lin, W. H., Ying, L., Hsing, A. W.,

van Dam, R. M., & Müller-Riemenschneider, F. (2021). Associations of park access, park use and

physical activity in parks with wellbeing in an Asian urban environment: a cross-sectional study. The

international journal of behavioral nutrition and physical activity, 18(1), 87.

https://doi.org/10.1186/s12966-021-01147-2

[79] Chang J, Qu Z, Xu R, et al. Assessing the ecosystem services provided by urban green spaces along

urban center-edge gradients. Sci Rep. 2017;7(1):11226. Published 2017 Sep 11. doi:10.1038/s41598-017-

11559-5

qeios.com doi.org/10.32388/HZNCLH 32

https://www.qeios.com/
https://doi.org/10.32388/HZNCLH


[80] Akpınar A. (2019). Green Exercise: How Are Characteristics of Urban Green Spaces Associated with

Adolescents' Physical Activity and Health?. International journal of environmental research and public

health, 16(21), 4281. https://doi.org/10.3390/ijerph16214281

[81] Tan Z, Lau KK, Roberts AC, Chao ST, Ng E. Designing Urban Green Spaces for Older Adults in Asian

Cities. Int J Environ Res Public Health. 2019;16(22):4423. Published 2019 Nov 12.

doi:10.3390/ijerph16224423

 

Declarations

Funding: No speci�c funding was received for this work.

Potential competing interests: No potential competing interests to declare.

qeios.com doi.org/10.32388/HZNCLH 33

https://www.qeios.com/
https://doi.org/10.32388/HZNCLH

