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Abstract 9 

Background: Urban green space may support mental health through physical activity and psychological 10 

restoration, but evidence from low- and middle-income settings is limited. This cross-sectional survey 11 

assessed 397 adults using public urban green spaces in Dhaka, Bangladesh, using measures of green space use 12 

and perceived quality, physical activity, perceived restorativeness, and WHO-5 well-being. Hierarchical 13 

regression and bootstrapped parallel mediation analyses tested physical activity and perceived 14 

restorativeness as simultaneous pathways between urban green space exposure and well-being. 15 

Results: Mean WHO-5 well-being was 55.6 ± 21.7 on the 0–100 scale, and 34.8% of participants scored below 16 

the poor-well-being threshold. All five multi-item scales showed acceptable-to-excellent internal consistency 17 (α = .74–.92). The four-block hierarchical regression explained 43.9% of WHO-5 variance (adjusted R² = .415, 18 F(16,380) = 18.57, p < .001); perceived restorativeness (β = .242, p < .001) and perceived access quality (β = 19 

.321, p < .001) were the strongest final-model predictors. Across three parallel mediation models, perceived 20 

restorativeness consistently mediated the association between green space exposure and well-being (indirect 21 

effects 0.355–6.825, all p < .001). Physical activity mediated the association only when perceived benefits were 22 

the predictor (indirect effect = 0.988, 95% confidence interval [0.274, 2.044]). Perceived accessibility, but not 23 

perceived safety, moderated the green space use–physical activity relationship (b = 0.191, p < .001). 24 

Conclusions: In a resource-constrained megacity with very low green space provision, restorative 25 

psychological experience was the dominant pathway linking urban green space to well-being. Improving the 26 
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perceived quality and accessibility of existing green spaces may yield greater well-being benefits than 27 

promoting physical activity alone. 28 

Keywords 29 

urban green space; physical activity; psychological well-being; WHO-5; attention restoration theory; mediation 30 

analysis; park prescription 31 

Background 32 

Urban green space (UGS), defined by the World Health Organization as “all urban land covered by vegetation of 33 

any kind,” is increasingly recognised as a determinant of population mental health [1]. Two complementary 34 

psychological theories anchor this evidence base. Attention Restoration Theory (ART) proposes that natural 35 

environments restore directed-attention capacity depleted by sustained cognitive effort, through the 36 

properties of being away, fascination, coherence, and compatibility [2]. Stress Reduction Theory (SRT), in 37 

contrast, describes a more rapid, affective, and pre-cognitive recovery from stress upon exposure to natural 38 

scenes [3]. Markevych et al. [4] integrated these and related mechanisms into a tripartite pathway framework 39 

describing how green space affects health by reducing harm (lower exposure to air pollution, noise, and heat), 40 

restoring capacities (attention restoration and stress recovery), and building capacities (facilitating physical 41 

activity and social cohesion). The present study operationalises two of these three domains directly restoring 42 

capacities, through a perceived-restorativeness battery derived from Hartig et al.’s [5] Perceived 43 

Restorativeness Scale (PRS), and building capacities, through the International Physical Activity Questionnaire 44 

short form (IPAQ-SF) [6], while treating non-communicable disease (NCD) history and health behaviours as 45 

covariates that proxy the reducing-harm domain. This tripartite framework has itself been documented 46 

empirically in the Dhaka context, where a classic longitudinal study traced the co-evolution of rapid 47 

urbanization and green space loss across Greater Dhaka over several decades [7]. 48 

Despite a substantial evidence base in high-income settings, green space–mental health research remains 49 

geographically lopsided. A scoping review of 36 studies on UGS and mental health in low- and middle-income 50 

countries (LMICs) identified only four originating from lower-middle-income or low-income countries, 51 meaning more than 90% of the world’s LMICs have no published evidence at all on this relationship [8]. This 52 
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international gap is compounded by severe and worsening green-space attrition in the present study’s own 53 

setting: longitudinal remote-sensing analysis found that Dhaka’s overall green cover declined by 56% between 54 

1989 and 2020, with the proportion classified as high-quality (“healthy”) green space falling from 55 approximately 17% to just 2% of the city’s land area over the same period [9]. A more recent GIS-based 56 assessment corroborates this scarcity, finding that only about 2% of Dhaka’s land area is currently covered by 57 urban green space and that its distribution and accessibility are highly uneven across the city’s administrative 58 

units [10]. Within Bangladesh specifically, the published survey-based evidence is limited to a small handful of 59 studies, most prominently Labib et al.’s [11] study of NCDs, park prescriptions, and UGS-use patterns among 60 169 adults in Dhaka, and Ahmad, Du and Rashid’s [12] recent study of 276 Dhaka residents linking UGS 61 

accessibility to well-being (measured with SWEMWBS) via physical activity and social cohesion. This scarcity 62 is set against a large and increasingly dense population: Bangladesh’s most recent national census recorded a 63 combined population of approximately 10.28 million residents across Dhaka’s two city corporations, with 64 

population densities exceeding 30,000 people per km², while United Nations projections place the wider 65 Dhaka metropolitan area at 36.6 million residents by 2025 [13,14]. Dhaka’s green-space provision is extreme 66 

even by Global South standards, at approximately 0.039 hectares per 1,000 residents across 54 documented 67 

green spaces totalling 283.49 hectares [11] an extreme-case setting in which to test whether existing, scarce 68 

UGS still confer measurable well-being benefits. Recent work focused on Dhaka North City Corporation has 69 

further documented specific institutional and governance obstacles that constrain sustainable urban greening 70 

initiatives in the city, underscoring that green-space scarcity in Dhaka reflects planning and policy challenges 71 

as well as physical land constraints [15]. This context matters clinically as well as environmentally: non-72 

communicable diseases account for approximately 71% of all deaths in Bangladesh, with many occurring 73 

prematurely [16], and national risk-factor surveillance shows both a higher hypertension prevalence in urban 74 

than rural households and an age-standardised adult diabetes prevalence of 13.2% [17,18]. Mental health 75 

disorders are similarly prevalent, affecting an estimated 16.8% to 18.7% of adults nationally across successive 76 

nationwide surveys, with only a modest urban-rural difference and a substantial treatment gap [19,20]. These 77 

co-occurring cardiometabolic and mental health burdens are unlikely to be evenly distributed: Dhaka’s large 78 

slum population faces compounded environmental and social stressors that plausibly constrain routine 79 

physical activity, social interaction, and psychological restoration, the same three pathways central to the 80 
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green space–health literature [21]. Complementing these national NCD statistics, a Dhaka-focused study has 81 

separately reported associations between green-space exposure and non-communicable disease risk among 82 

urban residents, reinforcing the plausibility of the NCD-related covariates modelled in the present study [22]. 83 

A second, more specific gap concerns the mediation evidence itself. A PRISMA-guided systematic review of 26 84 

observational studies found mixed or non-significant evidence for the mediating roles of physical activity, 85 

perceived restorativeness, and social cohesion in the greenspace–mental-health pathway, and attributed much 86 

of this inconsistency to measurement heterogeneity objective NDVI versus perceived greenness, ad hoc 87 

activity counts versus validated MET-minutes, and single-item versus multi-item well-being outcomes [23]. No 88 

study identified in the literature combines validated IPAQ-SF MET-minutes, the WHO-5 Well-Being Index, an 89 

ART-derived restorativeness battery, and a multi-item UGS perception/benefits scale within a single parallel-90 

mediation model, in any country. The present study addresses this gap directly, using internationally 91 

standardised instrumentation including the already-validated Bangla WHO-5 translation (Cronbach’s α = .754, 92 

test–retest r = .713; see the Bangla validation study [24]) and bootstrapped (rather than Sobel-based) indirect-93 

effect estimation, an explicit methodological upgrade over the Dhaka benchmark study of Ahmad, Du and 94 

Rashid [12]. A further, exploratory contribution is the measurement of park-prescription (ParkRx) awareness, 95 

a construct essentially unmeasured outside high-income countries: a narrative review of nature-prescription 96 

evidence found that all 11 included studies were conducted in the United States [25], and a 92-study 97 

systematic review found that only 39% of studies originated outside South Korea, the USA, Japan, the UK, and 98 

China, with no South Asian country among the leading contributors [26]. Gender may also shape how green 99 

space itself is perceived: a study of Bangladeshi university students found that female respondents held more 100 

positive perceptions of urban green space than male respondents, with academic year and perceived climate-101 

change vulnerability also shaping perception, a pattern relevant to the gender-related covariates examined in 102 

the present study [27]. 103 

 104 

The general objective of this study was to examine the association between urban green space access, use, and 105 

perceived quality and psychological well-being (WHO-5) among adult residents of urban Bangladesh, testing 106 

physical activity and perceived restorativeness as parallel mediating pathways. Seven hypotheses were tested 107 

and are presented in Table 1: 108 
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Table 1. Study hypotheses and pathway framework 109 

# Hypothesis Framework domain 

H1 
Higher frequency/duration of green space visits is positively associated with WHO-5 well-

being. 
Direct effect 

H2 
Physical activity (IPAQ-SF MET-min/week) mediates the relationship between UGS 

use/perception and WHO-5 well-being. 
Building capacities 

H3 
Perceived restorativeness mediates the relationship between UGS perceived quality/benefits 

and WHO-5 well-being. 
Restoring capacities 

H4 
Physical activity and restorativeness operate as parallel, partially independent (not fully 

redundant) mediators. 
Building + Restoring 

H5 
Perceived safety and accessibility moderate the strength of the UGS-use → physical-activity 

relationship. 
Moderation 

H6 
NCD status, tobacco/alcohol use, and unhealthy diet are inversely associated with WHO-5, 

independent of UGS exposure. 
Reducing harm 

(covariate) 

H7 
(Exploratory) ParkRx awareness is positively associated with UGS visit frequency and self-

rated importance of green space. 
Novel/exploratory 

Framework domains are adapted from Markevych et al. [4]. 110 

Methods 111 

Study design and setting 112 

This study used a cross-sectional survey design conducted among adult users of public urban green spaces in 113 

Dhaka, Bangladesh. Data collection combined park-intercept and community-based sampling at and around 114 

identified urban green spaces to capture both active users and non-users of UGS within the same catchment. 115 

The study was carried out across ten public parks and green spaces distributed across the central, northern, 116 

and historic parts of Dhaka: Chandrima Udyan, Ramna Park, Dhanmondi Lake Park, Osmani Udyan, Gulshan 117 

(Road 90) Park, Banani (Road 7) Park, Shyamoli Pisciculture Housing Park, Uttara Sector 6 Park, Uttara Sector 118 

13 Park, and Bahadur Shah Park (Figure 1). These sites range from large metropolitan parks with lakes and 119 

extensive vegetation Chandrima Udyan beside Crescent Lake and the National Parliament complex; Ramna 120 

Park, a historic approximately 68-acre park organised around a central lake and often described as one of the 121 “lungs of Dhaka”; Dhanmondi Lake Park, a linear lakeside park within a dense residential area; and Osmani 122 

Udyan, a large central-city green space near the old commercial core to medium-sized neighbourhood parks in 123 

higher-income planned districts (Gulshan Road 90 Park and Banani Road 7 Park), a community-scale green 124 

space in a mixed residential area (Shyamoli Pisciculture Housing Park), two parks embedded within the 125 
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planned Uttara neighbourhood (Sector 6 and Sector 13), and a small, historically significant park in Old Dhaka 126 

(Bahadur Shah Park, formerly Victoria Park, in Laxmibazar). 127 

This set of sites was selected to capture variation in park size, lake-front versus non-lake settings, planning era 128 

(colonial-era, post-independence, and modern neighbourhood parks), and surrounding socio-economic 129 context, so that the sample would reflect the diversity of Dhaka’s public green spaces rather than the profile of 130 

a single flagship park. 131 

Figure 1. Map of the ten sampled urban green spaces in Dhaka, Bangladesh. 132 

Park locations are approximate, based on publicly available geocoding sources (OpenStreetMap/Mapcarta), and are shown for 133 

illustrative purposes. 134 

 135 
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Sampling and participants 136 

A total of 397 valid responses were retained for analysis after data screening. This sample size is consistent 137 

with comparable published studies in this design space, including n = 276 in Dhaka [12], n = 444 in Malaysia 138 

[28], n = 384 in Pakistan [29], and n = 493 in Albania [30]. Eligible participants were adults aged 18 years or 139 

older residing in the study area. No cases required exclusion for missing composite-scale data, and no IPAQ-SF 140 

cases exceeded the 960-minutes/week implausibility threshold requiring removal. 141 

Measures and instruments 142 

Socio-demographics and health behaviours 143 

Age, gender, marital status, education, monthly household income, occupation, and years of urban residence 144 

were recorded, alongside self-reported NCD diagnosis, tobacco use, alcohol use, unhealthy-diet frequency, and 145 

family NCD history. Body mass index (BMI) was computed from self-reported height and weight and 146 

categorised as underweight, normal, overweight, or obese. 147 

Urban green space use, access, and perceived quality 148 

Participants reported visit frequency, typical visit duration, and activities undertaken in green spaces. UGS use 149 

intensity was computed as the product of visit frequency and visit duration. Perceived satisfaction, safety, 150 

accessibility, and health-benefit ratings were summed to form a perceived access quality composite 151 

(Green_perception, range 4–20). The Perceived Benefits of Urban Green Space (PBUGS) scale (6 items, 5-point 152 

Likert) captured perceived psychological, social, and physical benefits. The Perceptions of Urban Green Spaces 153 

Scale (10 items) captured broader adequacy/equity perceptions of UGS provision; five negatively worded 154 

items (items 1, 5, 7, 9, and 10) were reverse-scored prior to summation, following standard practice for mixed-155 

worded batteries. 156 

Physical activity 157 

Physical activity was measured with the IPAQ short form (IPAQ-SF) [6], scored exactly per the IPAQ Research 158 Committee’s [31] official processing protocol: walking, moderate, and vigorous activity times were converted 159 

to minutes, truncated at 180 minutes/day per category, and multiplied by their respective MET values 160 

(walking = 3.3, moderate = 4.0, vigorous = 8.0 METs) and reported days/week, then summed to yield Total 161 
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MET-minutes/week. Participants were also classified into Low, Moderate, and High activity categories using 162 

official IPAQ cut-points. Because MET-minutes/week is characteristically right-skewed, median and 163 

interquartile range are reported alongside the mean. Activity enjoyment was measured with an adapted 5-164 

item, agreement-format short form of the Physical Activity Enjoyment Scale (PACES), adapted from Chen et al. 165 

[32]. 166 

Psychological well-being and perceived restorativeness 167 

Psychological well-being was measured with the WHO-5 Well-Being Index [33], using the previously validated 168 Bangla translation (α = .754, one-factor structure confirmed in a Dhaka sample). Raw scores (0–25) were 169 

multiplied by 4 to yield a 0–100 scale, with scores below 50 classified as indicating poor well-being. Perceived 170 

restorativeness was assessed with a 4-item battery adapted from Hartig et al.’s [5] Perceived Restorativeness 171 

Scale, covering mental refreshment, effortless attention/fascination, activity–environment compatibility, and 172 

connectedness to living things; as this battery is a short, context-adapted selection rather than the full PRS or 173 

its validated PRS-11 short form, it is reported here as “a PRS-derived short battery” with its own psychometric 174 

evaluation, consistent with recommended practice for adapted instruments. 175 

Park prescription (ParkRx) awareness 176 

A single item assessed prior awareness of park-prescription or nature-prescription programmes, alongside 177 

items on self-rated importance of green space for well-being and perceived need for more green space in the 178 

local area. 179 

Ethical statement 180 

This research was conducted in full accordance with the ethical principles governing human subjects research, 181 

including the Declaration of Helsinki, the Belmont Report's principles of respect for persons, beneficence, and 182 

justice, and the institutional ethical guidelines of Noakhali Science and Technology University (NSTU). Ethical 183 

approval for the study was obtained from the Ethical Committee of Noakhali Science and Technology 184 

University (NSTU) before the commencement of data collection (Reference No: NSTU/SCI/EC/2025/454). 185 

All participation was entirely voluntary. Potential participants were approached by trained research assistants 186 

who explained the study's purpose, procedures, risks, and benefits clearly in Bengali before soliciting 187 

participation. Participants were explicitly informed that declining to participate or withdrawing at any point 188 
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would result in no negative consequences and that their access to park facilities would be unaffected. Written 189 

informed consent was obtained from all survey participants. No personally identifying information (name, 190 

contact details, or precise address) was collected or linked to survey responses. Questionnaire data were 191 

coded using alphanumeric identifiers and stored in password-protected digital files accessible only to the 192 

researchers. 193 

Statistical analysis 194 

Analyses were conducted in Python (SciPy, statsmodels, pingouin, factor_analyzer). Internal consistency of 195 

each multi-item scale was assessed with Cronbach’s alpha, item-total correlations, and alpha-if-item-deleted 196 

diagnostics. Exploratory factor analysis (principal-axis extraction, with Kaiser–Meyer–Olkin [KMO] sampling 197 adequacy and Bartlett’s test of sphericity) examined the dimensionality of the two researcher-adapted scales 198 

(PBUGS and the UGS Perceptions Scale). Bivariate associations among continuous composites were assessed 199 

with Pearson correlations; group differences were assessed with independent-samples t-tests, one-way 200 

ANOVA, and chi-square tests of independence as appropriate. 201 

The primary inferential model was a four-block hierarchical multiple regression predicting WHO-5 well-being 202 

score: Block 1 entered socio-demographic and health-behaviour covariates (age, gender, education, income, 203 

BMI, NCD status, tobacco use, alcohol use, unhealthy diet); Block 2 added UGS use intensity and perceived 204 

access quality; Block 3 added the PBUGS and UGS Perceptions Scale composites; Block 4 added the candidate 205 

mediators (total MET-minutes/week, PACES enjoyment, and perceived restorativeness). Standardised β 206 coefficients, ΔR² per block, and variance inflation factors (VIF) for multicollinearity diagnosis are reported for 207 

the final model. 208 

Parallel mediation analyses (pingouin.mediation_analysis, bias-corrected bootstrap, n = 5,000 resamples, seed 209 

= 42) tested total MET-minutes/week and perceived restorativeness as simultaneous mediators of three 210 

predictor–outcome relationships: (Model A) UGS use intensity → WHO-5; (Model B) perceived access quality → 211 

WHO-5; and (Model C) perceived benefits (PBUGS) → WHO-5. All mediation models adjusted for age, gender, 212 

education, income, BMI, NCD status, tobacco use, alcohol use, and unhealthy diet. Moderation analysis tested 213 

whether perceived safety and perceived accessibility (entered separately, mean-centred, with their product 214 

terms) moderated the association between UGS use intensity and total MET-minutes/week. 215 
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Results 216 

Sample characteristics 217 

The final analytic sample comprised 397 adults (mean age 30.7 ± 12.3 years, range 18–70), of whom 61.7% 218 

were male. Table 2 summarises the full socio-demographic and health-behaviour profile of the sample. Nearly 219 

one in five participants (30.7%) fell in the lowest UGS-use-intensity tertile, and 37.5% reported a diagnosed 220 

non-communicable disease (NCD). 221 

Table 2. Sample demographic and health characteristics 222 

Characteristic Category n % 

Gender Male 245 61.7% 

 Female 152 38.3% 

Marital status Single 233 58.7% 

 Married 144 36.3% 

 Divorced/Separated 8 2.0% 

 Widowed 12 3.0% 

Education SSC 84 21.2% 

 HSC 92 23.2% 

 Bachelor's 108 27.2% 

 Master's 109 27.5% 

 PhD or higher 4 1.0% 

Monthly income (BDT) < 20000 64 16.1% 

 20001–40000 119 30.0% 

 40001–60000 108 27.2% 

 60001–80000 31 7.8% 

 80001–100000 43 10.8% 

 > 100000 32 8.1% 

Occupation Student 168 42.3% 

 Government employee 36 9.1% 

 Private employee 86 21.7% 

 Business 51 12.8% 

 Homemaker 12 3.0% 

 Unemployed 36 9.1% 

 Other 8 2.0% 

BMI category Underweight 52 13.1% 

 Normal 123 31.0% 
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Characteristic Category n % 

 Overweight 159 40.1% 

 Obese 63 15.9% 

NCD diagnosis Yes 149 37.5% 

 No 248 62.5% 

Tobacco use Yes 97 24.4% 

 No 300 75.6% 

Alcohol use Yes 53 13.4% 

 No 344 86.6% 

Unhealthy diet Yes 185 46.6% 

 No 212 53.4% 

ParkRx awareness Yes 217 54.7% 

 No 180 45.3% 

N = 397. Continuous age: M = 30.7, SD = 12.3, range 18–70. 223 

Descriptive statistics of composite scales 224 

Descriptive statistics for the seven study composite scales are presented in Table 3. 225 

Table 3. Descriptive statistics for study composite scales 226 

Composite scale Mean SD Range 

Perceived Benefits of UGS (PBUGS, mean, 1–5) 4.09 0.54 2.83–5.00 

UGS Perceptions Scale (total, 10–50) 26.22 5.52 13–41 

Perceived access quality (Green_perception, 4–20) 14.79 2.67 8–20 

Total physical activity (MET-min/week) 
2340.6 (median 

1215.0, IQR 438.0–
2733.0) 

3207.9 right-skewed 

Activity enjoyment (PACES, mean, 1–5) 3.85 0.64 1.00–5.00 

Perceived restorativeness (mean, 1–5) 3.88 0.66 1.75–5.00 

WHO-5 well-being score (0–100) 55.63 21.70 8–100 

N = 397. Physical activity level (IPAQ categories): Low 30.5% (n = 121), Moderate 48.4% (n = 192), High 21.2% (n = 84). WHO-5 227 

status: poor well-being (score < 50) 34.8% (n = 138), good well-being 65.2% (n = 259). 228 

Scale reliability and factor structure 229 

All five multi-item scales showed acceptable-to-excellent internal consistency (Table 4). The PBUGS scale (6 230 items) yielded a unidimensional exploratory factor analysis (EFA) solution (KMO = .806, Bartlett’s χ² = 695.6, p 231 

< .001; one factor by Kaiser criterion, 41.2% variance explained; loadings |.427–.746|), supporting its use as a 232 

single composite. In contrast, the 10-item UGS Perceptions Scale showed only marginal sampling adequacy 233 

(KMO = .690) and resolved into four factors (cumulative 53.3% variance: 18.3%, 12.0%, 11.5%, 11.5%), with 234 
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its weakest reverse-coded item (ugs7_r) showing a low item-total correlation (r = .187). This scale is therefore 235 

reported and interpreted as a summed total score with an acknowledged multidimensionality limitation rather 236 

than a confirmed unidimensional construct (see Section 4.4). 237 

Table 4. Internal consistency reliability of study scales 238 

Scale Items Cronbach’s α 95% CI Item-total r range 

Perceived Benefits of UGS (PBUGS) 6 .792 [.759, .823] .388–.644 

UGS Perceptions Scale 10 .737 [.697, .774] 
.187 (weakest item) – 

.59 

Activity enjoyment (PACES) 5 .882 [.863, .899] — 

WHO-5 Well-Being Index 5 .916 [.903, .929] — 

Perceived restorativeness battery 4 .827 [.798, .853] — 

N = 397. CI, confidence interval; UGS, urban green space. 239 

Bivariate associations 240 

Bivariate associations among the key study composites are summarised in the correlation matrix in Figure 2. 241 

Figure 2. Correlations among key study composites 242 

Pearson correlation matrix. All green-space-related composites correlate positively with WHO-5 well-being (r range .14–.48). 243 

Visit frequency and urban green space use intensity are strongly correlated (r = .82), as expected because the latter is derived 244 

from the former. 245 
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 246 
WHO-5 well-being differed significantly by physical activity level (Low M = 50.98, Moderate M = 54.73, High M 247 

= 64.38; F(2,394) = 10.24, p < .001) and by UGS-use-intensity group (Low M = 1990.3, Moderate M = 1529.9, 248 

High M = 4548.9 MET-min/week; F(2,394) = 31.84, p < .001), and by monthly income (six groups; F(5,391) = 249 

12.35, p < .001), though the income pattern was non-monotonic (group means 60.75, 47.97, 53.19, 49.03, 250 

70.14, 69.00). Perceived restorativeness increased monotonically with perceived-greenness category (M = 251 

3.17, 3.86, 3.94; F(2,394) = 8.13, p < .001). WHO-5 did not differ significantly by gender (male M = 57.29, SD = 252 19.5 vs. female M = 52.95, SD = 24.68; t(395) = 1.84, p = .067, marginal) or by NCD status (t(395) = −0.84, p = 253 .399). ParkRx awareness was significantly associated with NCD status (χ²(1) = 23.05, p < .001; 70.5% of NCD-254 

positive respondents were ParkRx-aware, versus 45.2% of NCD-negative respondents) and with visit-255 frequency category (χ²(2) = 10.83, p = .004), but showed no association with perceived need for more green 256 



Page 14 

space (χ²(1) = 0.0, p = 1.0) a null result attributable to a ceiling effect, as the large majority of respondents 257 

endorsed needing more green space regardless of ParkRx awareness, leaving little variance to explain. 258 

Hierarchical regression predicting WHO-5 well-being 259 

A four-block hierarchical multiple regression tested the incremental contribution of green-space exposure and 260 

candidate mediators to WHO-5 well-being, over and above socio-demographic and health-behaviour 261 

covariates (Table 5). Block 1 (covariates only) explained 17.7% of variance (adjusted R² = .158, F(9,387) = 262 

9.24, p < .001). Adding UGS use intensity and perceived access quality in Block 2 produced a large increment 263 (ΔR² = .201, p < .001), nearly doubling explained variance (R² = .378). Block 3 added the PBUGS and UGS 264 Perceptions Scale composites (ΔR² = .023, p < .001). The final model (Block 4), adding total MET-265 

minutes/week, PACES enjoyment, and perceived restorativeness, explained 43.9% of variance (adjusted R² = 266 .415, F(16,380) = 18.57, p < .001; ΔR² = .038, p < .001 for the final block). 267 

In the final model, the strongest standardised predictors of WHO-5 were perceived access quality (β = .321, p < 268 .001) and perceived restorativeness (β = .242, p < .001), followed by BMI (β = .171, p < .001), education (β = 269 −.147, p = .001), income (β = .146, p = .002), unhealthy diet (β = −.128, p = .005), and alcohol use (β = .114, p = 270 .031). UGS use intensity was only marginally significant in the final model (β = .096, p = .054), and PBUGS, UGS 271 

Perceptions total, total MET-minutes/week, and PACES enjoyment were not significant unique predictors once 272 

perceived access quality and restorativeness were included, consistent with their operating primarily as 273 

antecedents/mediators rather than independent predictors. Notably, the tobacco-use effect, significant and 274 negative in Block 1 (β = −.237, p < .001), was substantially attenuated after green-space variables entered the 275 model (Block 4: β = −.055, p = .339), suggesting the socio-demographic profile of tobacco users partly overlaps 276 

with lower green-space access/perception. All variance inflation factors in the final model were below 2.3 277 

(Table 6), indicating no problematic multicollinearity. 278 

Table 5. Hierarchical regression predicting WHO-5 well-being 279 

Predictor Block 1 β Block 2 β Block 3 β Block 4 β 

Panel A. Standardised coefficients     

Age (years) -0.002 -0.080 -0.075 -0.046 

Gender (female) -0.147** 0.005 -0.033 -0.047 

Education level -0.184*** -0.128** -0.150*** -0.147*** 

Household income 0.212*** 0.218*** 0.193*** 0.146** 
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Predictor Block 1 β Block 2 β Block 3 β Block 4 β 

BMI 0.122* 0.144** 0.152** 0.171*** 

NCD diagnosis (yes) -0.042 -0.046 -0.047 -0.036 

Tobacco use (yes) -0.237*** -0.082 -0.059 -0.055 

Alcohol use (yes) 0.139* 0.117* 0.127* 0.114* 

Unhealthy diet (yes) -0.237*** -0.192*** -0.183*** -0.128** 

UGS use intensity (freq. × duration) — 0.168*** 0.123* 0.096 

Perceived access quality 

(satisfaction+safety+accessibility+benefit) — 0.380*** 0.336*** 0.321*** 

Perceived Benefits of UGS (PBUGS, mean) — — 0.181*** 0.037 

UGS Perceptions Scale (total) — — -0.014 -0.013 

Total physical activity (MET-min/week) — — — 0.004 

Activity enjoyment (PACES, mean) — — — 0.059 

Perceived restorativeness (mean) — — — 0.242*** 

Panel B. Model summary     

Model summary Block 1 Block 2 Block 3 Block 4 

R² 0.177 0.378 0.401 0.439 ΔR² 0.177 0.201 0.023 0.038 

Adjusted R² 0.158 0.360 0.380 0.415 

F 9.24 21.25 19.69 18.57 N = 397. Panel A reports standardised β coefficients; —, variable not yet entered at that block. *p < .05, **p < .01, ***p < .001. 280 

Block 4: R² = .439, adjusted R² = .415, F(16,380) = 18.57, p < .001. 281 

Table 6. Variance inflation factors for the final model 282 

Predictor VIF (Block 4) 
Age (years) 1.55 
Gender (female) 1.69 
Education level 1.26 
Household income 1.53 
BMI 1.45 
NCD diagnosis (yes) 1.15 
Tobacco use (yes) 2.25 
Alcohol use (yes) 1.87 
Unhealthy diet (yes) 1.39 
UGS use intensity (freq. × duration) 1.68 
Perceived access quality (satisfaction+safety+accessibility+benefit) 2.11 
Perceived Benefits of UGS (PBUGS, mean) 2.18 
UGS Perceptions Scale (total) 1.54 
Total physical activity (MET-min/week) 1.35 
Activity enjoyment (PACES, mean) 1.81 
Perceived restorativeness (mean) 2.09 

All values were < 2.3, indicating no multicollinearity concern. VIF, variance inflation factor. 283 

Parallel mediation analysis 284 

Three bootstrapped (n = 5,000 resamples) parallel mediation models tested total MET-minutes/week 285 

(physical activity) and perceived restorativeness as simultaneous mediators of the relationship between 286 
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green-space exposure and WHO-5 well-being, adjusting for age, gender, education, income, BMI, NCD status, 287 

tobacco use, alcohol use, and unhealthy diet (Table 7). Across all three models, perceived restorativeness was a 288 

robust, statistically significant mediator (all indirect-effect 95% confidence intervals excluded zero, all p < 289 

.001). Physical activity (total MET-minutes/week) mediated the relationship only in Model C, where perceived 290 

benefits (PBUGS) was the predictor (indirect effect = 0.988, 95% CI [0.274, 2.044], p = .016); its indirect effects 291 

were not significant when UGS use intensity (Model A) or perceived access quality (Model B) were the 292 

predictors. This pattern offers nuanced, partial support for H2–H4: the two mediators operate as parallel but 293 

not equally weighted pathways, with restorativeness consistently dominant a pattern consistent with the 294 

mixed physical-activity-mediation evidence reported by Zhang et al. [23]. 295 

Table 7. Parallel mediation results for green space and well-being 296 

Model (predictor → WHO-5) Mediator Indirect effect 95% CI (bootstrap) Significance 
A: UGS use intensity Total MET-min/week 0.083 [−0.008, 0.178] n.s. 

 Perceived restorativeness 0.355 [0.230, 0.508] p < .001 
B: Perceived access quality Total MET-min/week 0.065 [−0.142, 0.266] n.s. 

 Perceived restorativeness 0.642 [0.374, 0.967] p < .001 
C: Perceived benefits (PBUGS) Total MET-min/week 0.988 [0.274, 2.044] p = .016 

 Perceived restorativeness 6.825 [4.559, 9.310] p < .001 
Indirect effects of green space exposure on WHO-5 well-being through total physical activity and perceived restorativeness. Bias-297 

corrected bootstrap with 5000 resamples; covariates: age, gender, education, income, BMI, NCD status, tobacco use, alcohol use, 298 

and unhealthy diet. CI, confidence interval; n.s., not significant. 299 

For illustration, Model B (perceived access quality as predictor) is depicted as a path diagram in Figure 3. The 300 

total effect of perceived access quality on WHO-5 (c = 3.664, p < .001) was only partially explained by the two 301 mediators (direct effect c′ = 2.957, p < .001), with the restorativeness pathway (a2 = 0.064, p < .001; b2 = 302 

13.13, p < .001) contributing the larger share of the indirect effect relative to the physical-activity pathway (a1 303 

= 365.6, p < .001; b1 = 0.0009, p = .003). 304 

Figure 3. Parallel mediation model for perceived access quality 305 

Model B shows perceived access quality predicting WHO-5 well-being through total physical activity and perceived 306 

restorativeness. Path coefficients are unstandardised; ***p < .001, **p < .01. Brackets show the 95% bootstrap confidence 307 

interval for each indirect effect. 308 
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 309 

Moderation analysis 310 

A moderated-regression analysis tested whether perceived safety and perceived accessibility moderated the 311 

relationship between UGS use intensity and total MET-minutes/week (Table 8, testing H5). Perceived 312 

accessibility significantly strengthened this relationship (interaction b = 0.191, p < .001; model R² = .152), such 313 

that residents who both used green space more intensively and perceived it as more accessible reported 314 

disproportionately higher physical activity. Perceived safety did not significantly moderate the relationship 315 

(interaction b = 0.080, p = .081, marginal; model R² = .124), offering only partial support for H5. 316 

Table 8. Moderation of green space use and physical activity 317 

Moderator b (UGS use intensity) b (moderator) b (interaction) Model R² 

Perceived safety 0.274 (p < .001) 0.122 (p = .013) 0.080 (p = .081, n.s.) .124 

Perceived accessibility 0.170 (p = .003) 0.188 (p < .001) 0.191 (p < .001) .152 

Separate models used mean-centred predictors. UGS, urban green space. 318 

Group comparisons: well-being by activity level and UGS-use group 319 

Group differences in WHO-5 well-being by physical activity level and urban green space use intensity are 320 

illustrated in Figure 4. 321 
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Figure 4. Well-being by physical activity and green space use 322 

Mean WHO-5 well-being score by IPAQ physical activity level (left; F(2,394) = 10.24, p < .001) and by urban green space use 323 

intensity group (right). Error bars show standard error of the mean. 324 

 325 

Discussion 326 

This study is, to our knowledge, the first in Bangladesh and among the first in South Asia to test a formal 327 

parallel-mediation model of the urban green space (UGS)–well-being relationship using validated IPAQ-SF 328 

physical activity, WHO-5 well-being, and ART-derived restorativeness measures in the same sample. Three 329 

findings stand out. First, green-space exposure variables (use intensity, perceived access quality, perceived 330 

benefits) accounted for a substantial increment in explained WHO-5 variance beyond socio-demographic and 331 behavioural covariates (ΔR² = .201, Block 2), confirming H1 and underscoring that UGS is not a marginal 332 

correlate of well-being even in a setting of extreme green-space scarcity. Second, and central to the study’s 333 

novelty, perceived restorativeness was the dominant, consistently significant mediating pathway across all 334 

three predictor specifications, while physical activity mediated the relationship in only one of three models. 335 This directly supports H3 and offers only partial support for H2 and H4: the two “building capacities” and 336 “restoring capacities” pathways of the Markevych et al. [4] framework are not equally weighted in this 337 

population — psychological restoration appears to matter more than exercise volume. Third, perceived 338 

accessibility, but not perceived safety, significantly amplified the UGS-use–physical-activity relationship 339 

(partial support for H5), suggesting that removing practical barriers to reaching green space may do more to 340 

promote activity than safety-focused interventions alone in this context. 341 
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The restorativeness-dominant mediation pattern found here diverges from the most direct regional 342 benchmark, Ahmad, Du and Rashid’s [12] study of 276 Dhaka residents, which reported physical activity and 343 

social cohesion (not restorativeness, which was not measured) as significant mediators of the UGS 344 

accessibility–SWEMWBS well-being relationship. The present results are more consonant with the broader 345 

restoration-theory literature: Li et al. [34], in a sample of 668 Chinese adults, found that perceived 346 

restorativeness mediated the green-space–depression relationship more strongly than did physical activity, 347 and Baceviciene and Jankauskiene’s [35] Lithuanian study similarly found psychological restoration to be a 348 stronger pathway than exercise behaviour. Zhang, Zhang and Rhodes’ [23] systematic review characterised the 349 

physical-activity-mediation evidence base as genuinely mixed across 26 studies, attributing inconsistency 350 

partly to measurement heterogeneity a critique the present study addresses by using the standardised IPAQ-351 

SF protocol rather than ad hoc activity counts. This restoration-dominant pattern also aligns with the broader 352 

international evidence base linking green space exposure to health outcomes more generally: a systematic 353 

review and meta-analysis synthesising more than 140 observational studies and nearly 300 million 354 

participants found that greater greenness exposure was consistently associated with reduced all-cause and 355 

cardiovascular mortality, lower type 2 diabetes incidence, lower blood pressure and cortisol, and improved 356 

mental health outcomes [36], a pattern corroborated by cohort-based meta-analytic evidence on mortality 357 

specifically [37] and by a further systematic review documenting consistent inverse associations between 358 

green-space exposure and cardiovascular disease [38]. Mechanistic support for the restorative pathway itself 359 

comes from research in deprived UK communities, where greater green-space exposure was associated with 360 

lower salivary cortisol, providing physiological corroboration for the psychological restoration process central 361 to the present study’s mediation findings [39]. Other work has additionally identified social interaction within 362 

green spaces as a third pathway partially mediating mental health benefits, a mechanism not directly 363 

measured here but broadly consistent with a multi-pathway framing of the green space–health relationship 364 

[40], and neighbourhood-greenness research has similarly linked physical and mental health outcomes to 365 

walking, social coherence, and local social interaction operating as parallel explanatory pathways, consistent 366 with the present study’s parallel-mediation approach [41]. Our finding that physical activity mediation 367 

emerged only for the perceived-benefits (PBUGS) predictor, not for use intensity or perceived access, is a novel 368 
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nuance: it suggests physical activity may be more tightly coupled to a belief that green space is beneficial than 369 

to accessibility or use frequency per se, a distinction not previously reported in the reviewed literature. 370 

The extremely low per-capita green space available in Dhaka (0.039 ha/1000 residents) [11] provides an 371 

important contextual qualifier: even under this scarcity, use intensity, perceived quality, and perceived 372 

benefits all showed substantial associations with well-being, echoing Labib et al.’s [11] finding that green-373 

space use was associated with lower prevalence of several NCDs among 169 Dhaka adults despite similarly 374 constrained supply. This is consistent with an emerging “scarcity premium” hypothesis in LMIC green-space 375 

research that the marginal well-being value of accessible green space may be higher, not lower, where supply 376 

is scarce, though this remains speculative pending direct comparative testing [8]. This scarcity-premium 377 

reasoning is broadly consistent with population-level evidence that exposure to natural environments can 378 narrow socioeconomic health inequalities, which reinforces the present study’s emphasis on the perceived 379 

quality and accessibility of existing green space, rather than green-space quantity alone, as a lever for well-380 

being [42]. 381 

Theoretically, these findings lend empirical weight to Attention Restoration Theory and Stress Reduction 382 

Theory as complementary but non-redundant explanations for green space–well-being associations, and 383 support Markevych et al.’s [4] call to model “restoring” and “building” pathways in parallel rather than treating 384 

physical activity as a proxy for all green-space benefit. This framing is consistent with global reviews of city 385 

planning and population health, which identify equitable green-infrastructure provision as a central lever for 386 

addressing the health challenges of rapidly urbanising low- and middle-income megacities such as Dhaka [43]. 387 

Practically, the dominance of the restorativeness and perceived-access-quality pathways over raw use 388 

intensity or physical activity volume suggests that urban planning and public health interventions in Dhaka 389 

and comparable South Asian megacities may achieve greater well-being returns by improving the perceived 390 

quality, safety-independent accessibility, and psychological restorativeness of existing green spaces (shade, 391 

quiet zones, maintenance, reduced crowding and noise) than by solely promoting exercise-focused park 392 

programming. This safety-independent emphasis is notable given evidence from urban-park research that 393 

perceived safety in green space is systematically gender-differentiated, a consideration relevant to interpreting 394 

why perceived safety, unlike perceived accessibility, did not significantly moderate the UGS-use–physical-395 activity relationship in the present study’s moderation analysis [44]. The moderate but non-trivial ParkRx 396 
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awareness rate (54.7%) and its significant association with NCD status suggest an opportunity: nature-397 

prescription-style interventions, hitherto studied almost exclusively in high-income countries [25,26], could be 398 piloted in Dhaka’s existing primary care–NCD management pathway, building on demonstrated feasibility in a 399 

comparable Southeast Asian urban RCT context [45] (Singapore). 400 

Strengths and limitations 401 

Cross-sectional design precludes causal inference; reverse causality (e.g., psychologically well individuals may 402 

be more inclined to visit and rate green space favourably) cannot be excluded. IPAQ-SF relies on self-report 403 

and is subject to social-desirability and recall bias; no accelerometer validation was available. No validated 404 

Bangla-language version of the IPAQ-SF currently exists; the instrument was administered using the original 405 

English/adapted item wording, a limitation shared with most South Asian applications of the tool. The PBUGS 406 

and Perceived Restorativeness battery are researcher-adapted rather than independently pre-validated in 407 

Bangladesh; the restorativeness battery, in particular, is a short 4-item selection derived from the Perceived 408 

Restorativeness Scale [5] rather than its full or validated short (PRS-11) form. The 10-item UGS Perceptions 409 

Scale showed a multidimensional (4-factor) exploratory structure rather than the assumed unidimensional 410 

structure, indicating the summed total score should be interpreted with caution pending confirmatory 411 

validation. Sampling combined park-intercept and community-based recruitment across ten parks in Dhaka, 412 which may not be fully representative of the city’s general adult population. Common-method bias is possible 413 

given single-source, single-occasion self-report for both predictors and outcome. Strengths include the use of 414 

internationally validated core instruments (IPAQ-SF, WHO-5 with prior Bangla validation), a comparatively 415 

large sample (N = 397) relative to comparable regional studies, bootstrapped rather than Sobel-based 416 

mediation estimation, explicit multicollinearity diagnostics, and a hierarchical modelling strategy that isolates 417 

the incremental contribution of green-space variables from established socio-demographic and behavioural 418 

determinants of well-being. 419 

Conclusions 420 

Among 397 adults using public urban green spaces in Dhaka, Bangladesh, a setting with among the lowest 421 

documented per-capita urban green space use globally, perceived access quality, and perceived benefits were 422 
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all substantively associated with WHO-5 psychological well-being, together with socio-demographic and 423 

behavioural covariates explaining 43.9% of total variance. Perceived restorativeness, not physical activity 424 

volume, was the consistent, dominant mediating pathway linking green-space exposure to well-being across 425 

three complementary model specifications, and perceived accessibility (but not safety) significantly 426 

strengthened the link between green-space use and physical activity. These findings suggest that in resource-427 

constrained, green-space-scarce urban contexts, interventions that enhance the psychological restorativeness 428 

and perceived accessibility of existing UGS not only its physical activity affordances may offer a high-value, 429 

low-cost lever for improving population mental health. Future longitudinal and intervention research, ideally 430 

paired with objective UGS exposure measures (e.g., NDVI) and a validated Bangla IPAQ, is needed to test the 431 

causal and generalisable status of this restorativeness-dominant pathway across other South Asian urban 432 

settings. 433 
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