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Abstract: Urban green space use is often associated with improved physical and mental health and
lower noncommunicable disease (NCDs) burdens. Factors that influence green space visits have
been documented in cities of the Global North, but evidence of urban green space use patterns for
cities in the Global South is scarce. The aim of this study is to investigate factors influencing urban
green space use patterns in Dhaka, Bangladesh, a megacity of the Global South, with a particular
focus on how poor health condition and healthcare professionals’ prescriptions to exercise outdoors
(park prescriptions—ParkRx) impact the green space use of middle-aged adults. We collected green
space characteristics and use factors (i.e., availability, accessibility, attractiveness, and attachment),
health condition, ParkRx, and urban green space use intensity (i.e., frequency and duration) via a
self-reported questionnaire from 169 middle-aged residents of Dhaka. We used multivariate modeling
to estimate the association of green space characteristics, health condition, and ParkRx with use
intensity. We further applied a mediation analysis to determine the influence of ParkRx on the
relationship between residents’ poor health conditions and use intensity. We found that green space
availability and accessibility did not significantly influence use intensity, but attractiveness was
negatively associated with use intensity. Green space use intensity was significantly and positively
associated with attachment to the green space, poor health condition (i.e., having noncommunicable
diseases), and ParkRx. ParkRx significantly mediated the relationship between health condition and
use intensity. We observed limited supply, poor access, and low attractiveness when studying the
urban green spaces in Dhaka, but these qualities did not affect use intensity, as found in many case
studies in the Global North. In contrast, urban green space use intensity in our case study is mostly
dependent on poor health condition and park prescriptions.

Keywords: urban green space; urban parks; park prescriptions; nature prescriptions; noncommunicable
diseases; urban health; health promotion; Global South; developing countries

1. Introduction

Urban green space—including parks, gardens, and other open spaces—can help promote positive
health outcomes and prevent the risk of several chronic and non-communicable diseases [1-5].
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Specifically, contact with urban green spaces can support human health through different pathways,
promoting physical activity and social interactions, fostering psychological restoration, and reducing
harm from hazardous environmental exposures, such as air pollution [6-9]. Notably, outdoor physical
activity minimizes the adverse physiological effects stemming from sedentary lifestyles, such as the
development of chronic health problems (e.g., type 2 diabetes) [10-13]. The intertwined effects of green
spaces on increased physical activity and social interactions also boost cognitive and psychological
benefits [6,14-17].

Most studies on the benefits of urban green spaces for human health have been conducted in
Global North countries, which have higher incomes and levels of industrialization [6,18,19]. In contrast,
significantly fewer studies on these benefits have focused on Global South countries, which are also
known as developing countries [20-23]. The Global South includes low- and middle-income countries
with lower rates of industrialization and encompasses all of Africa and South America and most
countries in Asia [18,24]. Although the Global South includes very diverse countries (and diverse
cities and rural areas within such countries), it has a few unique characteristics that make the green
space-health relationship particularly germane to study. Many Global South countries include several
megacities (more than 10 million residents), where rapid population growth has put increasing pressure
on urban infrastructure and has led to significant population density [21,25,26]. Furthermore, the large
population sizes of megacities stress the local supply of natural resources, including green spaces and
waterbodies [27-29].

Researchers have identified several factors associated with green space use patterns and subsequent
health benefits. These factors include but are not limited to the availability (e.g., amount), accessibility
(e.g., distance), and attractiveness (e.g., perceived quality) of green spaces; sociodemographic
characteristics of users; and knowledge of the health benefits of green space contact [30-35]. Most of
these factors have been investigated in the context of Global North countries, but several researchers
argued that factors influencing the green space use patterns in Global North countries might not have
similar influences for populations in Global South countries [20,23,36,37]. In particular, the availability
and accessibility of green spaces, sociodemographic and religious characteristics of users, and cultural
contexts often vary between the Global North and South [21,24,36,38]. Given these differences, the
findings on what predicts green space use patterns in Global North contexts might not be generalizable
to cities in the Global South.

Among the factors associated with green space use patterns, scholars have increasingly focused
on motivations stemming from knowledge of the health benefits of green space contact [33,39-42].
Furthermore, healthcare professionals are increasingly seeking to motivate people to visit green spaces,
resulting in park prescription or green prescription programs (hereafter, ParkRx) [43]. Through
these programs, healthcare professionals formally recommend that their patients visit natural
settings regularly and engage in physical activity to help manage chronic and noncommunicable
diseases (NCDs) [33,40,44—46]. ParkRx programs fall under a wider umbrella of nature-based health
interventions, along with horticultural therapy and forest bathing. Health care professionals in New
Zealand were among the first to formally implement ParkRx programs in the 1990s [39,44], and other
Global North countries have recently followed suit [33,41,42,47]. General practitioner centers in New
Zealand prescribed three months of 30 min per day of outdoor physical activity to reduce the risk of
chronic diseases [39]. In the USA, physicians used ParkRx to improve self-reported resilience among
children [41,48]. In the UK, nature prescriptions were formally adopted by general practitioners in
Shetland, Scotland [49]. In Singapore, ParkRx interventions were successfully used to increase physical
activity in parks and improve psychosocial quality of life among middle-aged adults [35].

Despite the increase in ParkRx programs in Global North contexts, the scientific literature
on its efficacy and patient adherence remains unclear. In particular, the quantity and quality of
programs available for study are inadequate, which complicates the implementation of evaluation
studies [33,35,40,44]. The focus on Global North countries does not address contexts where such
programs or approaches may be particularly important, such as megacities in the Global South.
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Furthermore, very little research has studied ParkRx among populations similar to those the Global
South, such as low-income and non-White people.

In this study, we provide new evidence by investigating the influence of green space characteristics,
health condition (i.e., non-communicable diseases), and ParkRx on green space use patterns among
middle-aged adults using a case study approach set in the context of a Global South megacity. Our
population includes middle-aged adults in one Global South country, who are expected to experience
the greatest increase in chronic disease of any generation [38,50,51]. Our study site is comprised of
green spaces in the megacity of Dhaka, Bangladesh. This study has three objectives: First, to describe
urban green space use patterns in middle-aged adults in Dhaka, a megacity of the Global South, which
is a relatively understudied context for green space use patterns; second, to identify green space
characteristics that predict urban green space use patterns among middle-aged residents in Dhaka;
and third, to determine the influence of health condition and ParkRx on green space use patterns in
Dhaka. Evidence generated from this study can inform the implementation of ParkRx programs for
health promotion and green space management in Bangladeshi cities and, to some extent, other urban
areas of the Global South.

2. Materials and Methods

2.1. Case Study Area

We conducted this study in Dhaka, one of the fastest-growing megacities in the world. Dhaka,
the capital city of Bangladesh, is located on the eastern banks of the Buriganga River (Figure 1). Dhaka
is the leading financial, economic, and administrative hub of Bangladesh and generates a large share
of the country’s gross domestic product. Estimates from 2015 suggest that over 17.6 million people
inhabit the city’s 1528 km? area. That population is expected to grow to nearly 26 million by 2035 [52].
For this study, we considered the spatial extent of the Dhaka City Corporation, which has a total area
of approximately 134 km? and an average population density of 1110 people/km?.
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Figure 1. Study area location and studied green spaces in Dhaka.



Int. ]. Environ. Res. Public Health 2020, 17, 3900 40f 23

Dhaka’s rapid growth has resulted in significant urban sprawl and fast land use changes. Between
1975 and 2010, most of the city’s green infrastructure (e.g., open space, parks, water bodies) has been
transformed into grey infrastructure (e.g., buildings, roads) [26,28,53]. Therefore, city residents have
lost opportunities to connect with health-promoting natural landscapes. Furthermore, residents are
increasingly exposed to traffic pollution that could have been absorbed by green spaces and vegetation
land covers, were they preserved from development [54,55]. Dhaka is arguably one of the least livable
cities in the world based on its decreasing amount of green space, increased air pollution, and traffic
congestion [26,29,56-58].

Dhaka has only 54 green spaces, which include public parks and open spaces. These green
spaces amount to 283.49 hectares—a small area given its large population (i.e., 0.039 hectares per
1000 residents) [57,59]. By comparison, New York City has more than 5000 parks covering more
than 12,140 hectares, with approximately 1.4 hectares of green space per 1000 residents [60]. Perhaps
as a result of the low acreage, most Dhaka residents do not have a park within a 20 min walk [57].
In contrast, standards set by Natural England indicate that residents should have access to green space
within a 5 min walk for health promotion [61], and, in the USA, the Trust for Public Land calls for green
space access within a 10 min walk of every resident [62]. This discrepancy between what is and what
should be clearly illustrates the limited supply of accessible green spaces in Dhaka. Tabassum and
Sharmin [63] also found that the majority of green spaces in Dhaka are not properly maintained, citing
problems with littering, broken furniture, degraded trails, poor landscaping, and graffiti (Figure 2).
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Figure 2. Examples of the conditions of urban green spaces in Dhaka City, Bangladesh (a—d). Images
were collected from Google Street View.

2.2. Sample and Data Collection

We recruited 202 middle-aged green space users in 10 Dhaka green spaces using a convenience
sample and interviewed them on-site with a structured questionnaire (available at https://github.com/
labiblm/UGSusagDhaka). The questionnaire had four sections: Introduction, geographic/demographic
characteristics, socioeconomic characteristics, and green space/health information. We developed
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this questionnaire based on questions from valid and reliable survey instruments, such as those of
Shanahan et al. [64] and Schipperijn et al. [34], and we further confirmed the choice of questions
through consultations with local researchers in architecture and urban planning.

For the data collection processes, we recruited and trained three research assistants. Training
included classifying images of green space users across the age spectrum and reaching consensus on
who would be considered middle-aged. People aged 45-65 years were the target [65,66].

Data Collection Sites

We defined urban green spaces as publicly accessible open spaces within the city that included
considerable amounts of vegetation and that supported recreational activities, such as walking or
playing sports [67,68]. Specifically, urban green spaces included parks, playgrounds, and botanical
gardens, among other managed/unmanaged open spaces in Dhaka city. We selected the 10 green
spaces through a stratified sampling procedure using wards, which are the smallest administrative
units in the city. We stratified wards from the two city corporation regions (Dhaka North and Dhaka
South) according to a composite socioeconomic index developed through Dhaka City census data, the
Socio-Economic Profile for Disadvantaged (SEPD) [69]. We combined and weighted socioeconomic
census variables on education, housing, and employment status to generate a cumulative score for
each of the 92 wards. We then classified the wards into quartiles from ‘most disadvantaged’ to ‘least
disadvantaged’. Finally, we randomly selected two green spaces from each quartile.

In addition to the wards identified by the SEPD quartiles, we intentionally selected two large
green spaces that were of high quality and were well maintained (i.e., Chandrima Udyan and Ramna
Park) as data collection sites. This enabled us to include green spaces with significant variation in
size and quality. Chandrima Udyan and Ramna Park are considered the most accessible parks in
Dhaka [57,59,70]. Figure 1 shows the location of the green spaces included in the study, along with the
sizes of the green spaces and the number of users surveyed.

We conducted all field interviews in June 2017. Our survey targeted regular users of green spaces
in Dhaka. Our questionnaire included questions on how long respondents were visiting the green
space and how often they visited weekly. We trained the research assistants to discuss our intent
to collect data from regular users with potential respondents before green space users participated.
This minimized the number of respondents who were not regular users. To ensure the anonymity
of respondents, we did not collect personal information (e.g., name, age, address). Each participant
provided written consent.

2.3. Measures

2.3.1. Green Space Use Patterns

Green space use is the main outcome variable of this study. We used two items from past research to
measure this concept: Frequency of visits and the average length of visits [34,64]. Participants reported
how many urban green space visits they made per week on a four-point scale (1 = 1/none, 2 = 2-3,
3 =4-5,4 = more than 5). Furthermore, respondents provided the average duration of visits on another
four-point scale (1 = less than 10 min, 2 = 10-20 min, 3 = 20-30 min, 4 = more than 30 min). We recoded
these scores into binary variables to represent high versus low frequency/duration. Respondents
visiting more than four days per week were considered high-frequency users (‘frequency’ = 1), whereas
other respondents were coded as low-frequency users (‘frequency’ = 0). Respondents using the green
space for more than 30 min per visit on average were considered long-duration users (‘duration” = 1).
Other respondents were considered short-duration users (‘duration’ = 0). These thresholds were based
on empirical guidelines suggesting that 30 min of brisk walking regularly, for a total of 150 min
per week, can help a person achieve the majority of the protective effect of physical activity against
chronic disease [71-73]. In addition to these guidelines, we observed that the distribution of the
response variable was skewed (e.g., very low responses for less than 10 min visits). Thus, recoding
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provided an improved classification of use intensity over the initial variable. By combining these
binary variables, we created a new outcome variable to obtain a comprehensive measure of green
space use encompassing duration and frequency. A user who makes both high-frequency visits and
stays for a long duration was considered a high-intensity user (‘Use intensity’ = 1). All other users were
coded as low-intensity users (‘Use intensity” = 0) (Table 1).

Table 1. Generation of the binary omnibus measure of green space use.

Frequency
Low High
Duration Low Low-frequency low-duration High-frequency low-duration
High Low-frequency high-duration High-frequency high-duration

2.3.2. Green Space Characteristics

We measured green space attractiveness and accessibility, two key factors that were likely to
influence the use of green spaces among middle-aged residents of Dhaka. We considered green space
attractiveness, which describes the perceived aesthetic qualities of a green space [68,74], because
several studies have indicated that attractiveness is an important motivating factor for visiting green
spaces and engaging in physical activity [75-78]. In our questionnaire, we asked the respondents to list
and evaluate all of the attractive elements in the green space. We expected those elements to include
vegetation, walkways, furniture (e.g., benches), fitness facilities, landscape design (e.g., lawns and
fountains), water features (e.g., ponds), and playground equipment [30,31,68,77]. The respondents
were asked to report the number of attractive features they found in the green space, and we recoded
the attractiveness of the green space using a five-point Likert scale ranging from 1 = at least one
attractive feature to 5 = more than five attractive features.

Green space accessibility is considered to be one of the most important factors related to green
space use, and it is one of the most studied factors related to park usage and health outcomes [19,20,79].
Two types of accessibility have been previously discussed: Perceived proximity (e.g., travel time to
walk to the green space) and objectively measured proximity (e.g., actual distance between a person’s
home and the closest green space) [79-81]. Here, we chose perceived proximity as the measure
of accessibility because previous studies showed that this measure is often a stronger motivator
for green space use than objective proximity [82,83]. In our survey, we used an item from the
Neighborhood Environment Walkability Scale (NEWS) to measure perceived accessibility [34,84]. We
asked respondents to categorize the time it may take to walk (perceived walking time) to the green
space they were visiting on a five-point scale (1 = more than 20 min, 2 = 16-20 min, 3 = 11-15 min,
4 = 5-10 min, and 5 = less than 5 min). We recoded these values into reverse order to ensure that larger
numbers indicated greater perceived accessibility.

2.3.3. Green Space Attachment

We considered user attachment to green space as an important factor for green space use. People
can become attached to leisure spaces based on their community context, personal characteristics, and
natural environmental context [85-88]. Clark et al. [87] and Lewicka [89] argued that the length of
residence and local social capital are associated with place attachment. Several studies also indicated
that place attachment and prior experiences in parks could motivate repeated visits, including frequency
and type of use [85,88,90,91]. To measure attachment to green space, we asked respondents the number
of years they had visited the green space they were in when they were interviewed. We recorded their
responses on a five-point Likert scale (1 = less than or equal to 1 year, 2 = 2-3 years, 3 = 34 years,
4 = 4-5 years, and 5 = more than 5 years).
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2.3.4. Green Space Availability

We measured the local green space supply to quantify the availability of green spaces. Several
studies indicated that at the residential level, green space supply is correlated with increased visitation
and physical activity [36,37,92,93]. Here, we estimated supply by summing the total land area of green
space polygons within or intersected by the administrative ward boundaries for each participant’s
home. We then divided the total green space area by the number of people living in that ward to
compute a normalized per-capita green space supply for each respondent.

2.3.5. Health Condition and ParkRx

We selected the presence or absence of any non-communicable diseases (NCDs) as the primary
health indicator of participants. According to the World Health Organization (WHO), in Bangladesh,
there are approximately 580,000 deaths every year from NCDs, representing 67% of the total number of
deaths in the country [94]. The WHO and the Bangladeshi government have already recognized NCDs
as the most significant public health issue for Bangladeshi citizens. Previous studies reported that
the most prevalent NCDs in Bangladesh are diabetes, cardiovascular disease, hypertension, chronic
respiratory diseases, and cancer [95-97]. Based on these studies, we asked respondents about whether
they reported having one of these NCDs. We recoded responses into a binary variable (1 = have a
NCDy/s, 0 = do not have a NCD/s).

In Bangladesh, it is a common practice to prescribe outdoor physical activity as part of the 3D’s
approach—Discipline, Diet, and Drugs—for treating patients with NCDs [98]. Considering such
and based on previous studies, we included ParkRx as a potential motivating factor for green space
visitation [33,35,46,99,100]. To identify ParkRx, we asked participants about the key reasons for visiting
the green space where they were interviewed. We recorded their answer as a binary response regarding
whether visitation related to a ParkRx (1) or any other reason/s (0). Specifically, we coded ParkRx as
“1” if a healthcare professional had prescribed and recommended visiting a green space.

2.3.6. Confounders

We collected data on several potentially confounding variables in the questionnaire based on prior
knowledge from studies showing the determinants of green space use patterns [19,101]. Variables
included sex, level of educational achievement (i.e., none, secondary school, higher secondary school,
bachelors, post-graduate), employment status (i.e., unemployed, retired, employed), and mode of travel
to green spaces (e.g., walking, public transport, private vehicles). Because we targeted a specific age
group, we did not collect information about respondents” age, as we considered that the respondents
would belong to the same age group (e.g., middle-aged).

2.4. Analyses

We first explored the descriptive statistics of the study population and cross-tabulation among
variables such as NDCs, ParkRx, and use intensity. Then, we fitted logistic regression models to
study whether green space characteristics, health condition, and ParkRx were associated with green
space ‘Use Intensity” while controlling for the aforementioned confounders. We also conducted a
mediation analysis to investigate whether ParkRx mediates the relationship between health condition
(i.e., NCDs) and ‘Use Intensity’. All analyses were performed with R (version 3.6.2; R Development
Core Team, Vienna, Austria). Packages included MASS, car, and mediation [102-104]. The full dataset
and R-markdown code can be found at https://github.com/labiblm/UGSusagDhaka.

2.4.1. Main Analyses

We performed several multivariate logistic regression analyses to identify the associations between
green space characteristics (attractiveness, accessibility, attachment, and green space per-capita), health
condition (NCDs/Chronic), ParkRx, and ‘Use intensity’ (dependent variable). Model 1 included green
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space attractiveness, accessibility, attachment, and per-capita green space supply as independent
variables. Model 2 included health condition (i.e., NCDs) as an independent variable in addition to
the Model 1 variables. Model 3 included the independent variables from Model 1 and ParkRx as an
additional independent variable. We adjusted all of the models by adding the confounders discussed
in Section 2.3.6. We considered a p-value of 0.05 as an indicator of critical statistical significance and a
p-value of 0.10 as an indicator of marginal significance. We used Akaike Information Criterion (AIC)
values to compare the models’ fits, and we reported Nagelkerke’s pseudo-R? values as an estimate of
the models” explanatory power.

2.4.2. Mediation Analyses

To analyze the direct and indirect effects of health condition (i.e., NCDs) and ParkRx on green
space use intensity, we performed mediation analyses [105,106]. We hypothesized that it is likely that
respondents with poor health condition (i.e., NCDs) often receive advice from healthcare professionals
to perform indoor and outdoor physical activity. Thus, we investigated whether a recommendation
of ParkRx (i.e., exercising outdoors in parks) is a possible influencing factor that mediates the direct
association between poor health condition and use intensity. In this regard, we formulated a hypothesis
(H1). We specified ParkRx as the mediator in the NCDs-use intensity association and assumed a causal
pathway as follows: NCDs -> ParkRx -> green space use intensity.

Hypothesis 1 (H1). ParkRx significantly mediates the relationship between NDCs and green space use intensity.

To test this hypothesis, we utilized a mediation package to estimate the direct, indirect, and total
effects as well as the proportion mediated [104,106,107]. First, we specified a mediator model (ParkRx
= NCDs + Green space characteristics + Covariates, Model 4), and an outcome model (Use intensity
= NCDs + ParkRx + Green space characteristics + Covariates, Model 5). Next, we included the
model objects (mediator model: Model 4 and outcome model: Model 5) in the mediation function and
specified the independent variable (‘treat” in the software package; here, this is NCDs) and ‘mediator”
(ParkRx) variable. In this case, we used binary terms for the independent (NCDs = 0 or 1) and mediator
(ParkRx = 0 or 1) variables. Within the mediation operation, the function split the binary independent
variable into two sample groups: ‘Control’ (i.e., without NCDs) and ‘treatment’ (i.e., with NCDs).
For both groups, the mediation function estimated the average direct effect (ADE), average causal
mediation effect (ACME), and proportion mediated for ParkRx. In this process, the average of both
groups indicated overall effect sizes. We assessed the confidence intervals of all the effect sizes and
proportions using 1000 nonparametric bootstrap simulations (see Tingley et al. [104]).

3. Results

3.1. Sample Characteristics

Of the 202 middle-aged green space users invited to participate, 169 completed the questionnaire
(response rate = 83.7%). The majority were male (61.5%). A relatively high proportion (30%) had
no formal education, and few had a bachelor’s degree (6.5%) (Table 2). Regarding occupation, 42%
reported that they were unemployed or retired. Approximately 80% reported walking to the green
space where they were surveyed, less than 10% reported traveling by public bus—public bus service
is not satisfactory in Dhaka [108,109]—and less than 4% reported traveling by private car. Nearly
three-quarters of respondents reported at least one chronic disease or illness (Table 2).

3.2. Green Space Characteristics and Use Patterns

Most respondents lived more than a 10 min walk from the green space they visited, and less than
10% lived within a 5 min walk (Table 3). Nearly two-thirds of respondents perceived the green space’s
attractiveness as moderate or low. In terms of area-level green space supply, the mean green space
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per capita value was 2.29 m?/person (SD = 4.55). Almost half of the respondents visited the same
green space for only one year, whereas fewer than 10% visited the same green space for more than five
years. Nearly three-quarters used green spaces more than five days a week, but 70% spent less than
30 min per visit, on average. Therefore, approximately two-thirds of the respondents were classified as
low-intensity users (Table 3).

Table 2. Sample characteristics.

Total Sample, 169

Attribute Categories
N Percentage
Gender Female 65 38.5
Male 104 61.5
Education None 52 30.8
Secondary School 42 24.9
Higher Secondary School 28 16.6
Bachelors 11 6.5
Post-Graduate (MSc/PhD) 36 21.2
Employment Unemployed 57 33.7
Retired 14 8.3
Employed 98 58
Travel Mode Walk 134 79.3
Bicycle or motorcycle 10 5.9
Public transport (e.g., bus) 14 8.3
Private vehicle 6 3.6
Others (e.g., rickshaw) 5 3.0
No 50 29.6
NCDs Yes 119 704
- No 81 479
Park prescription (ParkRx) Yes g8 501

Table 3. Green space characteristics and use patterns among middle-aged residents in Dhaka.

Measurements Categories N Percentage

Less than 5 min 11 6.5
5 to 10 min 67 39.6
Perceived distance (accessibility) 11 to 15 min 45 26.6
16 to 20 min 31 18.3

More than 20 min 15 8.9

Very low 14 8.3
Low 44 26.0
Perceived attractiveness Moderate 47 27.8
High 31 18.3
Very high 33 19.5

<=1 year 74 43.8

2-3 years 47 27.8

Years using the green space (attachment) 3—4 years 29 17.2
4-5 years 7 41

>5 years 12 7.1

.- Less or equal 4 days 46 27.2

Visit 1 k

isit frequency (usual week) More than 5 days 123 72.8

- . R Less than 30 min 99 58.6
Visit duration (min/visit on average) More than 30 min 70 414
Use intensity (omnibus measure from Low 111 65.7
frequency and duration values) High 58 34.3

A cross-tabulation analysis elucidated associations amongst health condition, ParkRx, and ‘Use
intensity’ groups (Table 4). As expected, most respondents without NCDs did not receive a ParkRx
(96.0%), but nearly three-quarters of respondents with NDCs did receive a ParkRx (72.3%). These
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percentages suggest that receiving a ParkRx was highly dependent on the health condition of the
respondents. Also, respondents without NDCs were mostly low-intensity users (80%), and a large
share of respondents with NDCs were high-intensity users (40%) (Table 4). Among high-intensity
users, the majority had NCDs (83%). These descriptive statistics suggest that high-intensity users
mostly had NCDs, and people without NCDs were usually low-intensity users.

Table 4. Green space use variations among noncommunicable diseases (NCDs) and park prescription

(ParkRx) groups.
ParkRx
No Yes Total Count
Count 48 2 50
No % within NCDs 96.0% 4.0%
Do you have % within ParkRx 59.3% 2.3%
NCDs/chronic health Count 33 86 119
issue(s)? Yes % within NCDs 27.7% 72.3%
% within ParkRx 40.7% 97.7%
Total Count 81 88 169
Green Space “Use Intensity’
Low High Total Count
Count 40 10 50
No % within NCDs 80.0% 20.0%
Do you have % within use o o
NCDs/chronic health Intensity 36.0% 17.2%
issue(s)? Count 71 48 119
Yes % within NCDs 59.7% 40.3%
% within use o o
Intensity 64.0% 82.8%
Total Count 111 58 169

3.3. Predictors of Green Space Use Patterns

The logistic regression models we used to identify predictors of green space use intensity are
presented in Table 5. Model 1 shows that attractiveness was significantly and negatively associated
with use intensity. We also observed that accessibility did not have a significant association with use
intensity. In contrast to attractiveness and accessibility, attachment to green space was significantly and
positively associated with use intensity. A one-year increase in attachment corresponded to 2.10 times
greater odds of the respondent being a high-intensity user. Finally, neighborhood-level green space per
capita had no significant association with use intensity (Table 5).

Table 5. Associations of green space characteristics, chronic disease condition, and ParkRx with
use intensity.

Model 1 Model 2 Model 3
Odds 95% CI p-value Odds 95% CI p-value Odds 95% CI p-value
Attractiveness 0.712 0.52-0.959 0.0288 0.713 0.518-0.965 0.032 0.735 0.524-1.015 0.0667
Accessibility 0.824  0.568-1.187 0.3015 0.795  0.542-1.156 0.2327 0.75 0.501-1.108 0.1531
Attachment 2.095 1.528-2.972 0.0000114 2.004 1.453-2.851 0.0000469 2.08 1.486-3.013  0.0000429
Green space per capita 1.032 0.974-1.212 0.404 1.028 0.95-1.109 04719 1.011 0.93-1.095 0.775
NCDs - - 2.821  1.148-7.573 0.0296 - - -
ParkRx - - - - 6.328 2.706-16.075 0.0000438
Constant 0.292  0.025-3.135 0.3147 0.119  0.008-1.512 0.1077 0.048 0.003-0.667 0.0264
Pseudo R? 0.228 0.263 0.353
AIC 204.86 201.68 187.42

CI = confidence interval of odds (lower—upper). Odds ratios in Bold are significant at p < 0.05. Underlined values
are significant at p < 0.10. All models are adjusted for gender, education, employment, and travel mode.
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3.3.1. Influence of Health Condition and ParkRx on Green Space ‘Use Intensity’

Model 2, where we added NCD, shows similar results to those of Model 1 in terms of green space
characteristics and use factors, but it exhibits greater explanatory power and lower prediction errors
than Model 1 (increased R? and lower AIC). In Model 2, poor health condition is a stronger significant
predictor of use intensity than green space characteristics and use factors. Respondents with NCDs
were 2.82 times more likely to engage in high-intensity green space use than those without NCDs
(Table 5).

Model 3 shows a significant positive association between ParkRx and ‘Use intensity.” Additionally,
ParkRx was a stronger predictor of green space ‘Use intensity’ than green space characteristics.
Respondents with a ParkRx were 6.32 times more likely to be high-intensity users (Table 5). Model 3
has higher explanatory power and lower prediction errors than Models 1 and 2. Attractiveness
and attachment were significantly associated with use intensity in all three models. In contrast,
both accessibility and green space per capita indicated non-significant associations with green space
“Use intensity.” Finally, both poor health condition and having a ParkRx yielded significant positive
associations with use intensity. Including either of these two variables increased the model’s explanatory
power and reduced model prediction errors.

3.3.2. Mediation Effect of ParkRx on Green Space ‘Use Intensity’

Model 4 (mediator model) showed that NCDs strongly predict ParkRx, which, in turn, predicts
urban green space use (Figure 3a). Respondents with NCDs were 82 times more likely to report park
prescriptions than other respondents (Table A1, Appendix A).

(a) Mediation paths
ParkRx

4.413 2.017

-0.309 Green Space ‘Use

NCDs Intensity’

Significance: Coefficients in Bold are significant at p < 0.05

(b) Mediation effects

ACME -
/Indirect

ADE H = T
/Direct !
f

Total _|
Effect’

-0.2 0.0 0.2 0.4
With NCDs
Without NCDg-==========x======== Effect Size

Total effect = Average ACME + Average ADE

Figure 3. (a) ParkRx as a mediator of the NCDs and use intensity association. (b) Average causal
mediation (ACME), average direct effect (ADE) for both NCDs and non-NCDs groups, and the total
effect of NCDs and ParkRx on “Use intensity’.
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Model 5 (outcome model) provides further evidence that ParkRx mediates the relationship
between NCDs and green space use. ParkRx remained statistically significant in the logistic regression
when ParkRx and NCDs were included, whereas NCDs were not statistically significant in Model
5 (Table A2). Because we found that NCDs were positively associated with use intensity when the
ParkRx variable was not included (see Model 2 in Table 5), the results of Model 5 in Table A2 support
the conclusion that ParkRx mediates the direct relationship between NCDs and use intensity.

This conclusion was also supported in the model effects. The average causal mediation effect
(ACME) was positive and significant (Figure 3b). The average direct effect (ADE) was negative and
non-significant for all respondents (Table A3). The average total effect was positive and marginally
significant (p < 0.10). The findings indicated that the ACME had a greater total effect on use intensity
than the ADE. The ACME value was 0.192, p < 0.05 (see Table 6), indicating that the expected mediation
effect (H1) was supported for all the respondents irrespective of NCD status. Also, the ADE was near
zero and non-significant, and the proportion mediated value was greater than one, showing that the
presence of a ParkRx completely mediated the direct relationship between NCDs and green space use
intensity. However, the 95% confidence interval for the proportion mediated included zero (—0.239 to
8.1, Table 6); therefore, the complete mediation results need to be interpreted with caution, as, in some
cases, the proportion mediated can be less than one, indicating a partial mediation effect of ParkRx on
the direct relationship between NCDs and green space use intensity.

Table 6. Mediation analyses of NCDs and mediator ParkRx on use intensity.

Estimate 95% CI Lower 95% CI Upper p-Value
ACME (average) 0.192 0.0696 0.32 0.002
ADE (average) —-0.042 —-0.2583 0.19 0.712
Total Effect 0.15 —0.028 0.31 0.076
Prop. Mediated 1.228 —2.3953 8.1 0.078

ACME = average causal mediation effect, ADE = average direct effect, Prop.Mediated = proportion mediated.
CI = confidence interval. Coefficients in Bold are significant at p < 0.05. Underlined values are significant at p < 0.10.

4. Discussion

4.1. General Findings

To our knowledge, this is the first study to test whether noncommunicable diseases and ParkRx
influence green space use in a Global South megacity. Our case study provides new evidence regarding
what factors motivate middle-aged adults to visit green spaces and access the health benefits of
exposure to natural environments in Dhaka, Bangladesh.

Our findings are not aligned with past work on the importance of green space attractiveness on
visitation [30,68,76,78]. In Dhaka, quality and attractiveness did not impact how often high-intensity
users visited green spaces or how long they stayed there, which is perhaps due to the limited
availability and quality of green spaces in the city [59]. Most of our respondents did not indicate that
the green spaces they visited were particularly attractive, which is likely a consequence of the improper
management and upkeep of parks in Dhaka [63]. These findings highlight that, for our case study
city in the Global South, where the supply of green spaces is often lower than demand [57,63], even
poor-quality green spaces are used intensively.

Our findings that show no significant associations between green space accessibility and use are
consistent with some studies [77,80,110], but not others [31,34,68,75,111]. One potential reason for our
findings might be the limited range of our data. At present, the provision of green spaces in Dhaka is
minimal, and most of our respondents indicated poor accessibility to green spaces. Due to the low
accessibility level for most of the respondents, there was a lack of variation in our data regarding
accessibility between low- and high-intensity users. Another explanation for these results could be our
approach of measuring accessibility; we used subjective assessment (e.g., perceived access), whereas
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some studies that utilized objective measurement (e.g., distance to green space from home) observed
significant associations [34,68,81,112].

In addition to accessibility, we observed that neighborhood-level green space availability is not
associated with use intensity. This finding is not aligned with previous studies indicating that green
space availability at the neighborhood level is associated with green space use [92,93,110,111,113].
We argue that, as with the lack of variations in green space accessibility, the overall low availability of
green space in Dhaka is responsible for the non-significant association between green space availability
and ‘Use intensity.” Additionally, studies with contrasting results focused on Global North contexts,
where the availability of green space at the neighborhood level is usually higher than in Dhaka [57].

Our case study is one of the few studies that investigated how attachment to green space
influences use intensity among middle-aged adults. The results indicated that attachment to green
space significantly increased the chance of high-intensity use. Our findings are consistent with several
previous studies, where researchers also found that attachment to natural spaces was associated with
increased usage [85,87,88,90]. Our findings are also consistent with Budrick et al.’s [91] study set in
another Global South city (Pune, India), who reported that place identity and place attachment were
associated with pro-environmental attitudes among urban green space users. We explain green space
attachment and increased usage based on the level of social capital and social support associated with
green space and health [91,114-116]. In our study, respondents visiting the same green space for a
greater number of years were more familiar with the local environment than other people visiting
the green space for a shorter number of years. Familiarity with the local environment might induce
place identity and increase users’ perceived safety of the green space [90,91,115]. Additionally, regular
visits to green space for longer periods have the potential to help group formation (e.g., diabetic
patient walker groups and friendships), which provides green space users with opportunities for social
participation. These factors encourage more frequent and longer green space visits. Recently, Gaikwad
and Shinde [38] also observed a similar phenomenon among older adults when studying park usage
in Pune, India.

Our findings related to attractiveness, accessibility, and availability of green space and use intensity
contrast with several other case studies [31,34,68,78,93]. Green space use intensity among middle-aged
residents in Dhaka might work in ways different from what has been observed in studies set in Global
North contexts. In this regard, the analysis of NCDs and ParkRx provides key insights regarding green
space use intensity in Dhaka.

One of the unique aspects of this study was the introduction of poor health condition and
ParkRx as predictors of green space usage in our Dhaka case study set in the Global South context.
The results indicated that in Dhaka, the middle-age respondents with NCDs are more likely to be
high-intensity urban green space users than respondents without NCDs (Model 2). We also found
that respondents with a ParkRx are more likely to exhibit high-intensity use compared to respondents
without a ParkRx (Model 3). Both variables are crucial in understanding urban green space usage in
the context of Dhaka. With increasing noncommunicable disease burdens in Dhaka and the overall
Global South [96,97,117,118], more people are being diagnosed with NCDs, such as diabetes and
cardiovascular disease. Healthcare professionals often recommend outdoor physical exercise for such
patients in addition to regular medications, resulting in more patients engaging in health promotion
in green spaces through active (moderate to vigorous physical activity) and passive activities (social
gatherings, nature viewing). Our finding that the high-intensity middle-aged users of green spaces in
Dhaka usually have NCDs and are prescribed ParkRx supports this pathway between poor health and
green space use.

The NCD and ParkRx results help explain why our other findings on green space attractiveness,
accessibility, and availability do not completely align with those in the literature, and thus indicate
case-specific differences in urban green space use in the context of a Global South megacity (i.e., Dhaka).
Indeed, even if the respondents found the green spaces unattractive, with poor access, and with overall
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low availability, the high-intensity green space users were motivated by their health conditions and by
a doctor’s prescription.

Our study’s main contribution to the growing literature on the green space-health linkages is
the statistically significant mediation effect of ParkRx on the relationship between NCDs and green
space use intensity. The mediation analysis allowed us to determine whether an NCD diagnosis or
a ParkRx could explain whether an individual would exhibit high or low green space use intensity.
Although both NCDs and ParkRx had positive associations with green space use intensity (Models 2
and 3), the mediation analysis indicated that ParkRx was the most important underlying reason for a
middle-aged adult’s use of urban green spaces in Dhaka. Our findings were consistent with a few
several previous studies on ParkRx conducted in the Global North [35,39,41,48]. However, previous
studies only identified the direct relationship between ParkRx and park or green space usage, whereas
our results showed both the direct and mediation effects of ParkRx on green space usage.

4.2. Policy and Practice Implications

The results of the present study may help healthcare professionals, policymakers, and urban
planners grasp the importance of urban green space and ParkRx in reducing the burden of NCDs in
Dhaka and, to some extent, other Global South cities that share similarities with Dhaka. Because Dhaka
has a supply deficiency of quality green spaces for its population and because of the documented
benefits of green space supply in other settings [6,119], the city requires an aggressive urban greening
policy to engender a proactive approach to linking health with the environment and supporting outdoor
physical exercise. Currently, the urban planning policies in the city are inadequate and do not provide
the minimum required per capita green spaces as recommended by the WHO [57,120]. Approaches such
as ‘compensative greening’ [120], and ‘redevelopment and resettlement’ [121] should be considered
to push greening initiatives in Dhaka and other Global South cities forward. In Dhaka, a few park
revitalization programs (e.g., Jol-Sobujer Dhaka Project) have recently been implemented [122], and the
Dhaka City Neighborhood Upgrading Project (106.00 million USD, 2019-2024), funded by the World
Bank, is planning to increase open spaces over the next four years [123]. Even if our findings show that
green space attractiveness is not associated with higher use intensity, they do not exonerate Dhaka
from its mandate to create well-maintained green spaces for all residents regardless of socioeconomic
status and race/ethnicity. Such initiatives, when they focus on disadvantaged neighborhoods, can help
reverse environmental injustices in access to urban green space in Global South cities [23], which echo
injustices in Global North contexts [5,124,125]. However, urban planners and elected officials need to
ensure that such greening initiatives in disadvantaged neighborhoods do not result in environmental
gentrification like in Global North cities, which involves the influx of wealthier residents to low-income
neighborhoods due, in part, to new green amenities, as well as the eventual displacement of poor
residents [125,126].

Furthermore, our findings suggest that healthcare professionals should consider ParkRx as an
important treatment option for NCD patients. Our empirical evidence showed that ParkRx was linked
to high-intensity use of green spaces among respondents with NCDs; however, not all NCD patients in
our sample received a ParkRx. Considering the benefits of physical exercise in green spaces [1,119,127],
we suggest that healthcare professionals should increasingly promote ParkRx to their patients and
conduct regular follow-ups to reduce the burden of cardiovascular disease, diabetes, and other NCDs.
Notably, ParkRx seems to be critical for middle-aged adults in Dhaka, and it might also be useful in
other Global South megacities, as middle-aged adults are more frequently diagnosed with NCDs [50,51].
Recommending ParkRx to newly diagnosed patients may promote healthy living by increasing their
physical exercise in green spaces and reducing the need for additional medications. In the long
term, the presence and use of urban green space might alleviate burdens on healthcare systems with
physicians prescribing ParkRx through reduced doctor visits and incurred costs [128-130].
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4.3. Strengths, Limitations, and Future Directions

The strengths of this study include its consideration of urban green space use patterns among
middle-aged residents in a Global South megacity (i.e., Dhaka), its focus on health condition (i.e.,
NCDs) and ParkRx, and our mediation analysis. Our findings add new insights to the literature
regarding the factors influencing urban green space use in the case of Dhaka and how these factors are
consistent with or different from results in other case studies. Importantly, our mediation analysis
shows a potential pathway between an NCD diagnosis, a ParkRx, and use intensity of green space.

We acknowledge that this study has limitations. First, due to the unavailability of residential
addresses, we could not objectively measure the accessibility of green spaces; however, other studies
indicated that subjective or perceived accessibility is a more pronounced indicator of actual green
space use than objective accessibility [82,83]. Second, due to resource and data limitations, we were
unable to consider variables such as land use mix, walkability, perceived air and noise pollution, and
perceived safety [19,119]. These variables could also influence green space use patterns in Dhaka.
Third, although our mediation analysis suggested a causal effect of ParkRx on green space use intensity
after 1000 simulations, these findings were based on cross-sectional observations. Therefore, we cannot
conclude that the associations we observed in our models indicate causal inference. Fourth, the health
condition and ParkRx variables were self-reported, and our study design did not involve control and
treatment groups; thus, there might be other unmeasured confounders impacting green space use
intensity. Finally, we only considered a relatively small sample of middle-aged residents in a single
case study city. Green space use may differ considerably among different age groups, such as children
and older adults, and in different geographic contexts.

Considering these limitations, we recommend the following directions for future research. First,
similar studies on ParkRx should be replicated in other Global South megacities (e.g., Delhi, Accra,
Addis Ababa) to clarify whether our findings can be extended to other contexts and to understand
the broader implications of green space in urban planning and health promotion. Second, additional
environmental (e.g., air and noise pollution) and socioeconomic variables should be integrated into
models of green space use in the context of Dhaka and other Global South megacities. Third, researchers
should conduct randomized control trials with longitudinal designs to identify the causal effects of
health condition and ParkRx on green space use intensity. Finally, future work in Dhaka and other Global
South megacities could use more advanced mediational analyses, such as differences-in-difference
techniques, to examine the impact of green space quality on green space use [105], taking advantage of
natural experiment opportunities offered by the construction of new high-quality parks.

5. Conclusions

In this study, we investigated the factors associated with green space use intensity among
middle-aged adults, taking into account their health conditions and park prescriptions. Most previous
green space and health studies have focused on cities in the Global North, and limited evidence is
available regarding the predictors of green space use in megacities in the Global South. We provide
new evidence for this body of literature by setting this study in Dhaka City, an emerging megacity in
the Global South.

Our analyses provided suggestive evidence of strong positive associations between health
condition, ParkRx, and green space use intensity. We observed that people with non-communicable
diseases and a green space prescription (ParkRx) are usually high-intensity urban green space users.
Notably, we identified a statistically significant mediation effect of ParkRx on the association between
health condition and green space use intensity. This suggests that ParkRx may explain the underlying
mechanisms of the use of green space to improve health. Thus, we conclude that poor health condition
and healthcare professionals” recommendations for being outdoors and engaging in physical exercise
and other health-promoting activities (such as is done with ParkRx) might be the key to understanding
the green space use intensity among middle-aged adults in Dhaka. Our findings have implications for
urban greening, public health policies, and healthcare professionals’ practice for Dhaka and, to some
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extent, for other Global South megacities to reduce noncommunicable disease burdens through the use
of urban green spaces.
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Appendix A

Table A1l. Mediator model results—associations of NCDs with ParkRx (Model 4).

Model 4 +
Odds 95% CI p-Value
Attractiveness 0.726 0.503-1.031 0.0788
Accessibility 1.159 0.746-1.809 0.5093
Attachment 1.222 0.843-1.799 0.2945
Green space per capita 1.164 1.03-1.357 0.029
NCDs 82.589 19.524-711.112  0.000000439

Constant 0.232 0.007-5.801 0.3842

Pseudo R? 0.57

AIC 158.85

CI = confidence interval of odds (lower—upper). Odds ratios in Bold are significant at p < 0.05. Underlined values
are significant at p < 0.10. t: Model is adjusted for gender, education, employment, and travel mode.

Table A2. Outcome model for mediation analysis (Model 5).

Model 5 +
Odds 95% CI p-Value
Attractiveness 0.734 0.522-1.015 0.0665
Accessibility 0.756 0.505-1.121 0.1688
Attachment 2.104 1.497-3.062 0.0000401
Green space per capita 1.01 0.92-1.09 0.7972
NCDs/Chronic 0.733 0.202-2.543 0.6273
ParkRx 7.519 2.554-25.663 0.000539
Constant 0.051 0.003-0.736 0.031588
Pseudo R? 0.355
AIC 189.18

CI = confidence interval of odds (lower—upper). Odds ratios in Bold are significant at p < 0.05. Underlined values
are significant at p < 0.10. +: Model is adjusted for gender, education, employment, and travel mode.

Table A3. Mediation results of all effects.

Estimate 95% CI Lower 95% CI Upper p-Value
ACME (without NCDs) 0.1991 0.061 0.35 0.002
ACME (with NCDs) 0.1852 0.0762 0.3 0.002
ADE (without NCDs) —0.0352 —-0.2273 0.17 0.712
ADE (with NCDs) —-0.0491 —-0.2957 0.21 0.712
Total Effect 0.15 —-0.028 0.31 0.076
Prop. Mediated (without NCDs) 1.2626 -2.6145 8.83 0.078
Prop. Mediated (with NCDs) 1.1933 —-2.0749 7.68 0.078
ACME (average) 0.1921 0.0696 0.32 0.002
ADE (average) —-0.0421 —0.2583 0.19 0.712
Prop. Mediated 1.228 —2.3953 8.1 0.078

ACME = Average causal mediation effect, ADE = Average direct effect, Prop.Mediated = Proportion mediated. CI =
confidence interval of odds. Coefficients in Bold are significant at p < 0.05. Underlined values are significant at
p <0.10.
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