Universiteit
Antwerpen

This item is the archived peer-reviewed author-version of:

Social inequalities in the associations between urban green spaces, self-perceived health and mortality
in Brussels : results from a census-based cohort study

Reference:
Rodriguez-Loureiro Lucia, Casas Lidia, Bauwelinck Mariska, Lefebvre Wouter, Vanpoucke Charlotte, Vanroelen Christophe, Gadeyne Sylvie.- Social

inequalities in the associations between urban green spaces, self-perceived health and mortality in Brussels : results from a census-based cohort study
Health and place - ISSN 1873-2054 - 70(2021), 102603

Full text (Publisher's DOI): https://doi.org/10.1016/J. HEALTHPLACE.2021.102603

To cite this reference: https://hdl.handle.net/10067/1816800151162165141

uantwerpen.be

\-—-—-“LE

Institutional repository IRUA



Social inequalities in the associations between urban green spaces, self-perceived health
and mortality in Brussels: results from a census-based cohort study

Abstract

This study examines the associations between residential urban green spaces (UGS) and self-perceived
health and natural cause mortality, applying an intersectional approach across gender, education and
migrant background. We used data from the 2001 Belgian census linked to register data on emigration
and mortality for the period 2001-2014, including 571,558 individuals aged 16-80 residing in Brussels
(80% response rate). Residential UGS were assessed with the Normalised Difference Vegetation Index
(NDVI) within a 300m buffer from the residential address and perceived neighbourhood greenness.
Multilevel logistic and Cox proportional hazards regression models were conducted to estimate
associations between UGS and poor self-perceived health at baseline and natural cause mortality
during follow-up. Residential UGS were inversely associated with both outcomes, but there were
differences between groups. The strongest beneficial associations among women were found in the
lower educated, regardless of their migrant background. For men the strongest association was found
in those with tertiary education and Belgian origin. No significant beneficial associations were found
in men originating from low and middle-income countries. Applying an intersectionality approach is
crucial to understand health inequalities related to UGS exposure. Further research in different
geographical contexts is needed to contrast our findings.
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1. Introduction

Greening strategies have been put forward as potential solutions for guaranteeing sustainability and
inclusivity in cities in the light of ongoing urbanization (Eurostat, 2017). Urban green spaces (UGS) may
improve the health and well-being of urban dwellers (Gascon et al., 2016, 2015; James et al., 2015;
Rojas-Rueda et al., 2019; Van Den Berg et al., 2015) through the reduction of environmental hazards,
increased biodiversity, stress reduction and restoration, and opportunities for physical activity and
social cohesion (Nieuwenhuijsen et al., 2017). Additionally, the health effects of green spaces might
strongly depend on socioeconomic and demographic factors, which are likely to determine the
exposure (Rigolon, 2016) and the susceptibility and sensitivity of the population to residential UGS, as
already stated for urban environmental stressors (Science for Environment Policy, 2016).

To date, the few studies investigating the effect modification of socioeconomic and demographic
characteristics on the associations between UGS and health have shown inconsistent results, e.g., by
gender (Astell-Burt et al., 2014a, 2014b; Reklaitiene et al., 2014; Richardson and Mitchell, 2010;
Triguero-Mas et al., 2015), by socioeconomic position (SEP) (de Vries et al., 2003; Maas et al., 2009;
Mitchell and Popham, 2008; Sugiyama et al., 2016; Triguero-Mas et al., 2015), and by ethnicity or
migrant background (Dadvand et al., 2014; McEachan et al., 2018, 2016). A potential explanation for
the incongruences observed across studies may be the focus on one single social stratification
dimension (i.e., gender, SEP, or migrant background) instead of using an intersectional approach.
Intersectionality is a critical social theory denouncing and studying how interweaved systems of
oppression (e.g., racism, capitalism or sexism) affect individual’s experiences and shape life chances,
which in turn may contribute to health inequalities (Crenshaw, 1989; Green et al., 2017). In addition
to exploring how health, disease and risk factors are unequally distributed across population groups
defined by gender, socioeconomic position or ethnicity, intersectionality underscores the need to
move beyond and understand the relational mechanisms, i.e., the systems of oppression underlying
these factors (Wemrell et al., 2017). Therefore, epidemiological research focusing on a single
dimension of social stratification might yield biased estimations of health inequalities (Bates et al.,
2009), since aforementioned dimensions act simultaneously in producing social inequalities (Bauer,
2014). The most common way to approach intersectionality is through the categorisation of
individuals into social strata resulting from the combination of different dimensions of inequality,
named the inter-categorical approach (Evans, 2019a; Green et al., 2017). This method has been
criticized for using rigid social positions, therefore overlooking potential heterogeneity within groups
and/or overlapping of different social categories (Bauer, 2014; Wemrell et al., 2017). It is however still
considered as a useful and comprehensive analytical tool to explore and enhance understandings of
societal power dynamics (Green et al., 2017; Kapilashrami et al., 2015). This approach has been framed
as “descriptive intersectionality”, focusing on heterogeneity in health outcomes across social strata.
It is contrasted with “analytic intersectionality”, which aims at understanding heterogeneity in the
social processes driving health inequalities (Bauer and Scheim, 2019).

Intersectionality theory aligns with advocacy for the implementation of proportionate universalism, a
policy approach towards a greater emphasis of health interventions on more disadvantaged
population groups (Marmot et al.,, 2020). Yet, although quantitative methods to approach
intersectionality are rapidly evolving, and despite the importance of the living environment as a meso-
level health determinant, it is rarely investigated how intersectionality varies depending on the living
environment (Evans, 2019b), let alone accounting for environmental characteristics. To our
knowledge, only one study on UGS and health — focusing on youth obesity — has assessed effect



modification of this association through the intersection of social characteristics (Hughey et al., 2017).
Hughey et al. (Hughey et al., 2017) found that the inverse association between neighbourhood
park/playground availability and body mass index (BMI) in children was moderated by SEP and
ethnicity in a different way for boys and girls. In boys, beneficial effects were observed among the
low-SEP group, while, in girls, this association was found among the white and the high-SEP group
(Hughey et al., 2017).

In Belgium, the Brussels Capital Region (BCR) represents an interesting case to investigate social
inequalities in the associations between UGS and health. The BCR is an administrative core of a
broader urban agglomeration and one of the most densely populated European cities (73.5
inhabitants/hectare in 2016) (BISA (Brussels Institute of Statistics and Analysis), 2017). According to
the 2015 World Migration Report, it is the second city worldwide with the highest percentage of
residents of foreign origin (62%) (IOM (International Organization for Migration), 2015). Partly due to
migratory dynamics within the city, there is a clear spatial differentiation between the least and the
most deprived areas (Deboosere et al., 2009). Furthermore, the BCR is considered to be a green city:
its 8,714 hectares of green cover account for 54% of the total area. From these, 35% are public green
spaces, which account on average for 26m? per inhabitant (Brussels Environment, 2012). However,
the distribution of these green spaces varies widely among residents (Van de Voorde, 2016).

In this study, we assess the associations of residential UGS indicators — both objective and subjective
— with self-perceived health and natural cause mortality in the BCR, and the potential effect
modification of social strata applying an intersectionality approach, i.e., incorporating three
dimensions simultaneously: gender, SEP and migrant background.

2. Methods

Data design and study population

Analyses were based on the 2001 Belgian census linked to register data on mortality and emigration
during a follow-up period from 1 October 2001 until 31 December 2014 (13.25 years of follow-up).
Data on original causes of death issued from death certificates were coded using the 10™ revision of
the International Classification of Disease (ICD-10) (WHO (World Health Organization), 2016). The
2001 Belgian census contains data on self-perceived health and a wide set of sociodemographic and
socioeconomic variables for the total population officially residing in Belgium at the time of the
census. In Brussels, response rate was around 80%. In addition, several environmental indicators (i.e.,
UGS, ambient air pollution and noise) were linked to the 2001 Belgian census using the official
residential address of each individual at baseline. The linkage procedure was done by a third party at

Statistics Belgium (https://statbel.fgov.be/en) in line with all privacy norms. We included all
individuals aged 16 to 80 who officially resided in the BCR according to the Belgian census 2001 and
for whom information on the exact official home address was available (971 observations excluded,
0.13%) (N=571,558 individuals).

Health outcomes

Health outcomes used in this study were self-perceived health and natural cause mortality.
Information on self-perceived health was obtained from the 2001 census by asking respondents to
rate their general health on a five-point Likert scale. Following the methodology from previous studies,
we dichotomized this variable as “good self-perceived health” (“good” or “very good”) versus “poor

self-perceived health” (“fair”, “poor” or “very poor” health), using less than good health as cut-off
point (Maas et al., 2006; Triguero-Mas et al., 2015). Natural cause mortality was defined using ICD-10



codes A00-R99. We excluded deaths registered as consequences of external causes in order to
exclusively study associations operating through biological pathways of UGS exposure.

Residential Urban Green Spaces

Exposure to residential urban green spaces (UGS) was measured using one objective (surrounding
greenness) and one subjective (perceived neighbourhood greenness) indicator. Surrounding
greenness was measured with the Normalized Difference Vegetation Index (NDVI), a measure of green
density based on satellite imagery applying the ratio between visible and near-infrared light bands.
NDVI values range from 0 to 1, with values closer to one indicating higher green density (Weier and
Herring, 2000). The calculation of the NDVI was performed over a set of atmospherically corrected
satellite images from the Landsat-5 for the summer period of 2006, with a 30x30m spatial resolution.
The average NDVI value for surrounding greenness was calculated using the centroids of the grid cells
in which each XY coordinate of the individuals’ residential address was located (Bauwelinck et al.,
2021). Three buffer sizes were available: 300-m, 500-m and 1,000-m. Perceived neighbourhood
greenness was obtained from the 2001 census, where each head of household was asked to rate the
provision of green spaces in their neighbourhood (“Poorly equipped”, “Normally equipped” or “Very
well equipped”). We calculated the percentage of households in each statistical ward (i.e., the basic
territorial unit in Belgium, comparable to neighbourhoods) who reported having very well-equipped
green spaces in their neighbourhoods. In the BCR the average size of a statistical ward is 21ha, ranging
from 1 to 751ha.

Three intersectionality dimensions

The intersectionality approach was operationalized by including three important dimensions of social
stratification: gender, socioeconomic position (SEP) and migrant background (Bowleg, 2012; Krieger,
2001).

Individual socioeconomic position (SEP) was captured through two indicators: educational attainment
and housing tenure. Educational attainment is a stable, widely available, indicator of SEP (Galobardes
et al., 2006). It was classified in five groups according to the International Standard Classification of
Education (UNESCO Institute for Statistics (UIS), 2012): tertiary (reference) [levels 5-8], higher
secondary [levels 3-4], and lower education [levels 0-2]). Housing tenure was included as an indicator
of long-term material wealth and was categorized as: owner (reference) and tenant. Individuals with
missing information on one of these variables were excluded (N=68,551; 9%).

Migrant background captured the family history of migration using information from the 1991 in
addition to the 2001 census, and was categorized into Belgian, other high-income country [HIC] and
low- and middle-income country [LMIC] (for a detailed description on the criteria followed for
classification, see Supplementary Methods S1 and Table S1).

Potential confounders

We considered age, household living arrangement, area-level SEP, and outdoor air and noise pollution
as potential confounders. Age was included both as a continuous and as a categorical variable. The
latter was included to account for cohort effects, and consists of the following categories: 16-24 years,
25-39 years, 40-64 years, 65-80 years. Household living arrangement was categorized into single,
cohabiting with the partner and other. Area-level SEP was approximated as the percentage of
unemployed over the total working population at the statistical ward level. In order to avoid extreme
values, individuals living in statistical wards with less than 200 inhabitants were excluded (97 statistical
wards; N=3,623, <1%).



Outdoor environment covariates consist of modelled ambient air and noise pollution estimates. These
were linked to the residential address of each respondent. High resolution ambient air pollution data
for the year 2005 was provided at 25x25m grids by the Belgian Interregional Environment Agency
(IRCEL-CELINE) (www.irceline.be). In Belgium, concentrations of several air pollutants are

continuously measured through a wide network of monitoring stations. This data is used in spatial-
temporal (kriging) interpolation models and combined with a Gaussian dispersion model based on
emissions from traffic and industrial sources and including meteorological data to calculate pollutant
concentrations (Hooyberghs et al., 2006; Lefebvre and Vranckx, 2013). In this study, we included
annual mean concentrations (pug/m3) at the residential address of particulate matter with an
aerodynamic diameter smaller than 10um (PM1o) and 2.5um (PM3s), nitrogen dioxide (NOz) and black
carbon (BC). BC concentrations were available for the year 2010. Data on 2016 noise pollution was
provided by Brussels Environment, the official regional environment agency
(https://leefmilieu.brussels) at fine spatial resolution (10x10 m) for road, rail, air, and multi-exposure

(road/rail/air) noise. Noise levels are measured through 17 permanent measurement stations situated
in strategical places of the BCR, registering the influence of a single means of transportation.
Additionally, mobile sound level meters were used to validate the results. Average noise levels were
calculated for four indicators: Lgay (07h-19h), Levening (19h-23h), Lnight (23h-07h) and Lgen (energetic
combination of Lyay, Levening @and Lnight = 24 hours). For the calculation of the Lgen global indicator, Levening
and Lnight were respectively rescaled by a 5dB and a 10dB increase for the greater nuisance experienced
when exposed to noise during those hours (Brussels Environment, 2018). We used combined daily
average multi-exposure transportation noise levels (Lgen) in a decibel scale (dB(A)).

Statistical analyses

We conducted all statistical analyses in Stata (version 14; StataCorp). Multilevel logistic regression
models were performed to obtain odds ratios (ORs) and their 95% confidence intervals (95%Cl) for
poor self-perceived health. Multilevel Cox proportional hazards models, using age as the underlying
time scale, were conducted to obtain hazard ratios (HRs) and their 95% Cl for natural cause mortality.
Observations were censored when emigration, death from external causes or end of follow-up
occurred, whichever came first. In our main analyses, we included the 300-m buffer of surrounding
greenness, representing the average walking distance that a Brussels resident needs to walk to go to
any public green space (Van de Voorde, 2016). We presented one model for each residential UGS
indicator separately. Effect estimates were expressed for increases of one interquartile range (IQR)
for the two indicators of residential UGS. Our main model was constructed stepwise, including
cumulatively the intersectionality dimensions and the potential confounders in successive models: M1
was adjusted by age and gender; M2 added migrant background; M3 added educational attainment,
housing tenure and household living arrangement; M4 added PM s and daily average multiple source
noise exposure (Lgen); and M5 added area-level SEP.

We tested for the linearity of the exposure-response associations by comparing our main model,
including the linear term of the exposure, with a model where natural splines with two degrees of
freedom were specified for the UGS indicators (Figure 1). Model comparison was performed using the
likelihood-ratio test (LRT). We observed a significant deviation from linearity in the models estimating
the association between surrounding greenness and poor self-perceived health and between
perceived neighbourhood greenness and natural cause mortality. For these two cases, we repeated
the analyses for the main models categorising the continuous indicators of UGS into quintiles of
exposure (Table S3).



Intersectionality was studied using a gradual approach. First, each social stratification variable
(gender, educational attainment and migrant background) was introduced as a multiplicative
interaction term for the association between UGS and the outcomes separately. The statistical
significance of the multiplicative interaction term was tested through the improvement of model fit
compared to the main effects model using a likelihood ratio test, following the methodology used in
a previous study (Dadvand et al., 2014). This likelihood ratio test can be considered as a formal test of
the statistical significance of the effect modification caused by socioeconomic and demographic
characteristics. In addition, analyses were stratified. Then, the statistical significance of the second-
grade interaction terms was estimated with the same method in order to assess intersectionality
effects between gender and each of the other two social dimensions. Likewise, these combinations
were then stratified. Thirdly, this process was repeated for the third-grade interaction terms, analyses
being finally stratified by gender, educational attainment and migrant background simultaneously.
The combination of this gradual approach and the evaluation of interaction effects before conducting
stratification allowed us to explore in a parsimonious way effect modification through intersecting
social dimensions. Aforementioned approach allows step by step assessment of between-group
heterogeneity in the association between UGS and health (Scott and Siltanen, 2017). A similar method
has been used in a previous study adopting an intersectionality lens to gender, sexual minority and
Hispanic ethnic identity and their interaction with experiences of bullying and its relation with suicide
attempts (LeVasseur et al., 2013).

In additional analyses, we estimated the mediation effects of each of the ambient air pollutants (PMys,
PM1o, NO; and BC) on associations between residential UGS indicators and poor self-perceived health
and natural cause mortality. For each mediator, we fitted two fully adjusted models (i.e., including all
our covariates): a model A of the association between the exposure and the outcome (including the
mediator), and a linear regression model B of the association between the exposure and the mediator.
Model A calculates the total effect and model B calculates the effect of the exposure on the mediator.
The average causal mediation effects (also called indirect effects) and the average direct effects can
be estimated from these two models. Subsequently, we can calculate the proportion of outcome
reduction (poor self-perceived health or natural cause mortality) in the association with residential
UGS explained by the studied mediators (Bauwelinck et al., 2021; Imai et al., 2010). The linear
associations between both residential UGS indicators and noise pollution levels (Lsen) Were positive,
which was counterintuitive, and we therefore decided to not to conduct the mediation analyses for
this variable.

We conducted sensitivity analyses to assess the robustness of our findings. First, to account for the
missing covariate data, we conducted multiple imputation by chained equations, carrying out 15
multiple imputations with 10 cycles of iterations each, that generated 15 complete datasets. Second,
as our main models were adjusted by PM, s concentrations, all analyses were repeated using other air
pollutants in the models (PMis, NO; or BC). Third, we limited our analyses to certain population
groups: (a) we excluded movers, i.e., we only included individuals who lived in the same statistical
ward in 1991 and in 2001, assuming that they did not change residence 10 years prior to baseline; (b)
we excluded individuals living in social housing; and (c) we excluded students, since their educational
attainment or housing tenure are not likely to reflect their true socioeconomic position. Finally, we
re-ran the analyses to assess potential influences on UGS exposure: (a) when using different buffer
sizes (500-m and 1,000-m) for surrounding greenness; and (b) when excluding individuals with a
private garden.
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Figure 1. Exposure-response curves (natural splines with two degrees of freedom) between the UGS
indicators and poor self-perceived health (odds ratio, OR) and 95% confidence interval (95%Cl) and
natural cause mortality (hazard ratio, HR) and 95%Cl.

3. Results

The general characteristics of the total study population at baseline (year 2001) and information on
mortality and emigration during follow-up (2001-2014) are presented in Table 1. In total, 571,558
individuals were included at baseline. The mean age at baseline was 44 years (+ standard deviation
(SD) 17.1). More than three quarters of the population was of Belgian origin (57% of the total
population) and the group of residents originating from LMIC was larger (25%) than the group
originating from other HIC (19%). During the follow-up period (2001-2014), about 9% (N=27,629) of
men and 8% (N=22,824) of women emigrated from the BCR. Deaths from natural causes during follow-
up were slightly higher among men than among women (14% vs 12%), while in 2001, more women
reported having poor self-perceived health (29%) than men (25%).



Total Women Men
N =571,558 N =272,345 N =299,213
Age at baseline, mean = SD 44+17.1 44+17.4 43 +16.7
Poor self-perceived health, N (%) 154,166 (27.0) 86,607 (28.9) 67,559 (24.8)
Deaths due to natural causes (2001-2014), N (%) 72,355 (12.7) 34,715 (11.6) 37,640 (13.8)
Emigrations (2001-2014), N (%) 50,453 (8.8) 22,824 (8.4) 27,629 (9.2)

Migrant background, N (%)

Belgian
Other HIC
LMIC

323,361 (56.6)
108,077 (18.9)
140,128 (24.5)

173,528 (58.0)
56,292 (18.8)
69,397 (23.2)

149,833 (55.0)
51,785 (19.0)
70,731 (26.0)

Educational attainment, N (%)

Tertiary Education
Higher Secondary Education
Lower Education

191,286 (33.5)
146,343 (25.6)
233,937 (40.9)

97,805 (32.7)
77,002 (25.7)
124,410 (41.6)

93,481 (34.3)
69,341 (25.5)
109,527 (40.2)

Housing tenure, N (%)

Owner
Tenant

291,276 (51.0)
280,290 (49.0)

153,031 (51.1)
146,186 (48.9)

138,245 (50.8)
134,104 (49.2)

Household living arrangement, N (%)

Single 183,359 (32.1) 108,358 (36.2) 75,001 (27.5)
Cohabiting w/Partner 284,568 (49.8) 142,223 (47.5) 142,345 (52.3)
Other 103,639 (18.1) 48,636(16.3) 55,003 (20.2)
Area-level SEP (% of unemployment), median (IQR) 17.5(13.7) 17.3(12.1) 17.8 (14.7)
Indicators of residential urban green spaces, median
(1QR)
Surrounding greenness (NDVI within 300m) (2006) 0.4 (0.2) 0.4 (0.2) 0.4 (0.2)
Perceived neighbourhood greenness (% of
households reporting very well-equipped provision 22.8(28.7) 23.7 (28.4) 21.95 (28.32)
of green spaces in the neighbourhood)
PM_.5 (ug/m3) (2005), mean  SD 19.3+0.9 19.3+0.8 19.3+0.9
Combined daily average noise levels (Lgen) from
multiple transportation sources (dB (A)) (2016), 499 (5.8) 49.9 (5.9) 49.9 (5.7)

median (IQR)

Table 1. Baseline characteristics of the study population aged between 16 and 80, mortality and
migration during follow-up (2001-2014) and residential living environment characteristics. Brussels
Capital Region.

The environmental indicators included in this study were strongly to moderately correlated with each
other (Figure S1). Surrounding greenness showed strong correlations with perceived neighbourhood
greenness (r=0.80), low to moderate correlations with air pollutant concentrations and very weak with
daily average noise levels. Moderate negative associations were observed between surrounding
greenness and the area-level SEP indicator (r=-0.62).

The associations of residential UGS with the health outcomes for the total population, with stepwise
cumulative adjustment for potential confounders are shown in Figure 2 and fully reported in Table S2.
Poor self-perceived health and natural cause mortality were inversely associated with both indicators



of residential UGS. After control for individual- and area-level socioeconomic characteristics the
associations attenuated considerably (M3 and MS5). Surrounding and perceived neighbourhood
greenness showed similar inverse associations for poor self-perceived health and natural cause
mortality in the fully adjusted models [e.g., for surrounding greenness: odds ratio (OR) 0.92 (95%
confidence intervals (Cl): 0.90, 0.94); hazard ratio (HR) 0.94 (95%Cl: 0.92, 0.95); respectively]. On the
other hand, the inclusion of the variables accounting for environmental hazards (PM, s concentrations
and daily average noise levels) barely affected the associations (M4).
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Figure 2. Stepwise adjustment of the associations and 95% confidence intervals (95%Cl) between an
IQR increment in residential urban green spaces and poor self-perceived health (Odds Ratio, OR) and
natural cause mortality (Hazard Ratio, HR). M1 was adjusted by age and gender; M2 added migrant
background; M3 added educational attainment, housing tenure and household living arrangement;
M4 added PM;.s and Lgen; and M5 added area-level SEP. Brussels Capital Region, 2001-2014. Note: We
used multilevel logistic regression models for the association with poor self-perceived health in 2001,
and Cox proportional hazard models using age as the underlying time scale for the association with
natural cause mortality during follow-up (2001-2014).

Supplementary analyses using a categorisation of the exposure variables into quintiles to check the
linearity of the exposure-response association were conducted (Table S3). We did not find major
deviations from linearity, and hence we decided to continue the analyses with the continuous term.

Table 2 shows the fully adjusted (M5) associations between self-perceived health and natural cause
mortality and the two residential UGS indicators, stratified by gender, educational attainment, and



migrant background subsequently. These associations were also modelled including interaction terms
between each UGS indicator and each of the three social dimensions, for each one of the outcomes.
A likelihood ratio test was conducted comparing the models including the interaction with the fully
adjusted model M5 (p-values in italics). All first-grade interaction terms were significant for poor self-
perceived health, while for natural cause mortality only migrant background was a statistically
significant effect modifier. Results were overall similar for both surrounding greenness and perceived
neighbourhood greenness. By gender, slightly stronger inverse associations were observed for men
compared to women regarding self-perceived health and for women compared to men regarding
natural cause mortality. When stratifying by educational attainment, we generally observed the
strongest inverse associations among the group with lower education [e.g., for surrounding greenness
and mortality: HR 0.94 (95%Cl: 0.92, 0.95)]. Nevertheless, for surrounding greenness, the associations
were also strong among the group with tertiary education. Regarding migrant background, we
observed inverse significant associations with both health outcomes in every stratum. Among
residents originating from LMIC, the association between perceived neighbourhood greenness and
natural cause mortality was not significant.
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Poor self-perceived health

Natural cause mortality 1

Surrounding greenness

Perceived neighbourhood

greenness

Surrounding greenness

Perceived neighbourhood

greenness

OR (95%Cl)

OR (95%Cl)

HR (95%Cl)

HR (95%Cl)

Gender

Women
Men

p-value for interaction °

0.93 (0.91, 0.96)*
0.92 (0.90, 0.95)*
<0.001

0.95 (0.92, 0.98)*
0.93 (0.90, 0.95)*
<0.001

0.93(0.91, 0.95)*
0.94 (0.92, 0.97)*
0.831

0.94 (0.92, 0.96)*
0.96 (0.94, 0.98)*
0.650

Educational attainment

Tertiary Education
Higher Secondary Education
Lower Education

p-value for interaction °

0.93 (0.90, 0.97)*

0.95 (0.92, 0.98)*

0.93 (0.90, 0.95)*
<0.001

0.97 (0.94, 1.01)

0.96 (0.93, 0.99)*

0.92 (0.89, 0.94)*
<0.001

0.92 (0.89, 0.96)*

0.96 (0.92, 0.99)*

0.94 (0.92, 0.95)*
0.720

0.95 (0.91, 0.98)*

0.97 (0.94, 1.01)

0.94 (0.92, 0.96)*
0.914

Migrant background

Belgian
Other HIC
LMIC

p-value for interaction °

0.94 (0.92, 0.96)*

0.90 (0.87, 0.94)*

0.93 (0.89, 0.96)*
<0.001

0.95 (0.93, 0.97)*

0.92 (0.88, 0.96)*

0.93 (0.89, 0.98)*
<0.001

0.94 (0.92, 0.95)*

0.91 (0.87, 0.95)*

0.95 (0.90, 1.00)*
<0.001

0.95 (0.93, 0.96)*

0.94 (0.90, 0.99)*

0.97 (0.92, 1.03)
<0.001

Note: OR, Odds Ratio; HR, Hazard Ratio; 95%Cl, 95% Confidence Intervals. T Multilevel logistic regression models for 2001. ¥ Cox proportional hazards models

using age as the underlying time scale, follow-up period 01 October 2001 - 31 December 2014. * p-value < 0.05. Models adjusted by age, gender, migrant

background, educational attainment, housing tenure, household living arrangement, PM..s, Lgen and area-level SEP. Surrounding greenness IQR: 0.2, Perceived

neighbourhood greenness IQR: 28.7.

@ Reported p-value derived from the likelihood ratio test comparing the goodness of fit of the main model with the model including the interaction term.

Table 2. Adjusted associations and 95% confidence intervals between IQR increments of residential greenness and perceived neighbourhood greenness and

poor self-perceived health and natural cause mortality, stratified by gender, educational attainment and migrant background. Brussels Capital Region, 2001-

2014.
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The results of the second-grade intersections (gender with educational attainment and gender with
migrant background) for the exposure to surrounding greenness are presented in Figure 3 and fully
reported in Tables S3-S4. The results of the same models with perceived neighbourhood greenness
did almost not differ and are shown in Tables S3-S4. Each of the models including the second-grade
interaction terms fitted the data better compared to the first-order interaction models they are nested
in. When stratifying by gender and educational attainment, for poor self-perceived health, we
observed that, among women, the inverse associations showed a gradient across education strata:
the lower the educational attainment, the stronger the associations. Associations were only significant
among low-educated women [for surrounding greenness: OR 0.92 (95%Cl: 0.89, 0.95)]. Among men,
the strongest inverse associations were observed in the tertiary educated, but significant inverse
associations were also found in the lower education strata. For natural cause mortality, a similar
pattern was observed; however, among women, there was an additional significant protective effect
of surrounding greenness in the tertiary educated. Results stratifying by gender and migrant
background revealed, for poor self-perceived, that the strongest beneficial associations among
women were found in residents originating from other HIC and from LMIC. Among men, significant
inverse associations were found in residents originating from Belgium and from other HIC, but not
from LMIC. For natural cause mortality, no significant inverse associations were found in residents of
LMIC-origin neither in men nor in women. Among women, the strongest beneficial associations were
found in residents originating from HIC [HR 0.87 (95%Cl: 0.82, 0.94)], whereas among men these were
found in residents of Belgian origin.

12



(A)

Surrounding greenness

Poor Self-Perceived Health

Natural Cause Mortality

Men Women Men Women
8 | 8 |
® Tertiary Education I :
® Higher Secondary Education . - T -
o
Lower Education S <
2 g
& 8- g
3 4
3 8
Sl T
o o
3 ER
Surrounding greenness
(B) Poor Self-Perceived Health Natural Cause Mortality
Men Women Men Women
~— -~ T
® Belgian _
® Other HIC g £
LMIC o &1 2 &
g g
o el
@ o
8 o 8 o
o~ ge
ER ER
@ 0

Figure 3. Adjusted associations and 95%Cl between IQR increments of residential surrounding
greenness and poor self-perceived health (OR) and natural cause mortality (HR), stratified by (A)
gender and educational attainment, (B) gender and migrant background. Brussels Capital Region,
2001-2014. Note: We used multilevel logistic regression models for the association with poor self-
perceived health in 2001, and Cox proportional hazard models using age as the underlying time scale
for the association with natural cause mortality during follow-up (2001-2014). Models were adjusted
for age, migrant background, educational attainment, housing tenure, household living arrangement,
PMas and Lgen, and area-level SEP.

Including the third-grade interaction terms improved the model fit when compared to the second-
grade interaction models. The associations with surrounding greenness and perceived neighbourhood
greenness stratified by gender, educational attainment and migrant background are displayed for
poor self-perceived health in Table 3 and for natural cause mortality in Table 4. The results for both
health outcomes were similar using both UGS indicators. For poor self-perceived health and among
women, we found significant inverse associations only in the lower educated, regardless of their
migrant background [e.g., for surrounding greenness and LMIC-origin: OR 0.92 (95%Cl: 0.86, 0.98)].
Among men, the strongest beneficial associations were found in the tertiary educated in every migrant
background; however, these associations were only significant in men originating from Belgium and
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from other HIC. Among men of Belgian origin, significant associations were also found in the lower
educated. For natural cause mortality, the results for residents of Belgian origin were similar to those
shown in Figure 2: among women, the strongest associations were found in the lower educated,
although with surrounding greenness there was also a strong protective effect in the tertiary
educated; among men, we observed the strongest inverse associations among the tertiary educated.
A strong inverse association was found in higher secondary educated women originating from other
HIC [for surrounding greenness: HR 0.82 (95%Cl: 0.70, 0.96)]. The results for mortality in residents of
LMIC-origin were not significant.
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Poor self-perceived health

Migrant background

Belgian Other HIC LMIC
N OR (95%Cl) N OR (95%Cl) N OR (95%Cl)
Surrounding greenness
Women
Educational attainment
Tertiary Education 62,493 0.97 (0.92, 1.03) 21,610 0.99 (0.89, 1.11) 13,698 0.94 (0.85, 1.05)
Higher Secondary Education 44,069 0.99 (0.94, 1.04) 13,496 0.92 (0.83, 1.02) 19,437 0.92 (0.84, 1.00)
Lower Education 66,965 0.94 (0.90, 0.98)* 21,184 0.87 (0.81, 0.93)* 36,261 0.92 (0.86, 0.98)*
Men
Educational attainment
Tertiary Education 57,496 0.90 (0.85, 0.95)* 20,018 0.85 (0.76, 0.95)* 15,965 0.92 (0.82, 1.03)
Higher Secondary Education 37,935 0.93 (0.87,0.98)* 11,680 0.97 (0.86, 1.10) 19,726 1.00(0.91, 1.10)
Lower Education 54,401 0.95 (0.91, 0.99)* 20,084 0.95 (0.88, 1.02) 35,040 0.96 (0.90, 1.03)

Table 3. Adjusted associations and 95%Cl between IQR increments of residential surrounding greenness and perceived neighbourhood greenness and poor
self-perceived health (OR), stratified by gender, educational attainment and migrant background. Brussels Capital Region, 2001.
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Poor self-perceived health

Migrant background

Belgian Other HIC LMIC
N OR (95%Cl) N OR (95%Cl) N OR (95%Cl)
Perceived neighbourhood greenness
Women
Educational attainment
Tertiary Education 62,493 1.01 (0.96, 1.07) 21,610 1.04 (0.93, 1.16) 13,698 0.94 (0.84, 1.05)
Higher Secondary Education 44,069 0.99 (0.94, 1.04) 13,496 0.95 (0.85, 1.05) 19,437 0.97 (0.88, 1.07)
Lower Education 66,965 0.95 (0.91, 0.99)* 21,184 0.85(0.79, 0.91)* 36,261 0.91 (0.85, 0.98)*
Men
Educational attainment
Tertiary Education 57,496 0.93 (0.89, 0.98)* 20,018 0.89 (0.80, 1.00) 15,965 0.95 (0.85, 1.07)
Higher Secondary Education 37,935 0.95 (0.90, 1.00)* 11,680 0.95 (0.84, 1.08) 19,726 1.00(0.90, 1.12)
Lower Education 54,401 0.93 (0.89, 0.97)* 20,084 0.96 (0.89, 1.04) 35,040 0.97 (0.90, 1.05)

Note: OR, Odds Ratio; 95%Cl, 95% Confidence Intervals. * p-value < 0.05. Multilevel logistic regression models for 2001. Models adjusted by age, housing tenure, household
living arrangement, PMzs, Lden and area-level SEP.

Table 3. (Continued).
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Natural cause mortality

Belgian Other HIC LMIC
N HR (95%Cl) N HR (95%Cl) N HR (95%Cl)
Surrounding greenness
Women
Educational attainment
Tertiary Education 62,493 0.93 (0.87, 0.99)* 21,610 0.91 (0.75, 1.11) 13,698 1.13(0.89, 1.43)
Higher Secondary Education 44,069 0.97 (0.92, 1.02) 13,496 0.82 (0.70, 0.96)* 19,437 1.01(0.83, 1.23)
Lower Education 66,965 0.93 (0.90, 0.95)* 21,184 0.88 (0.81, 0.96)* 36,261 0.91 (0.83, 1.00)
Men
Educational attainment
Tertiary Education 57,496 0.91 (0.87, 0.96)* 20,018 0.94 (0.81, 1.10) 15,965 0.92 (0.77, 1.08)
Higher Secondary Education 37,935 0.95 (0.90, 1.01) 11,680 0.94 (0.80, 1.12) 19,726 0.95(0.81, 1.13)
Lower Education 54,401 0.95 (0.92, 0.98)* 20,084 0.95 (0.88, 1.03) 35,040 0.95 (0.88, 1.03)

Table 4. Adjusted associations and 95%Cl between IQR increments of residential surrounding greenness and perceived neighbourhood greenness and natural
cause mortality (HR), stratified by gender, educational attainment and migrant background. Brussels Capital Region, 2001-2014.

17



Natural cause mortality

Migrant background

Belgian Other HIC LMIC
N HR (95%Cl) N HR (95%Cl) N HR (95%Cl)
Perceived neighbourhood greenness
Women
Educational attainment
Tertiary Education 62,493 0.96 (0.90, 1.02) 21,610 1.00(0.82, 1.21) 13,698 1.02 (0.79, 1.30)
Higher Secondary Education 44,069 0.97 (0.92, 1.02) 13,496 0.83(0.71, 0.97)* 19,437 1.03 (0.83, 1.26)
Lower Education 66,965 0.93 (0.91, 0.96)* 21,184 0.94 (0.86, 1.02) 36,261 0.93 (0.84, 1.03)
Men
Educational attainment
Tertiary Education 57,496 0.95 (0.90, 1.00)* 20,018 0.87(0.74, 1.02) 15,965 0.99 (0.83,1.17)
Higher Secondary Education 37,935 0.97 (0.93, 1.03) 11,680 1.07 (0.91, 1.25) 19,726 1.08 (0.90, 1.30)
Lower Education 54,401 0.95 (0.92, 0.98)* 20,084 0.99 (0.91, 1.08) 35,040 0.96 (0.87, 1.05)

Note: HR, Hazard Ratio; 95%Cl, 95% Confidence Intervals. * p-value < 0.05. Cox proportional hazards models using age as the underlying time scale, follow-up period 01

October 2001 - 31 December 2014. Models adjusted by age, housing tenure, household living arrangement, PM2.s, Lgen and area-level SEP.

Table 4. (Continued).
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The results of the mediation analyses can be found in Table S6. According to these, between 12-16%
of the associations between both residential UGS indicators and poor self-perceived health are
potentially mediated by PMjo. This was however not observed with natural cause mortality nor with
any other pollutants.

In sensitivity analyses, we used multiple imputation, we adjusted our models for different pollutants
(i.e., PMig, NO; or BC instead of PM;s), excluded individuals who moved neighbourhoods between
1991 and 2001 (10 years prior to baseline), students and residents living in social housing and those
without a private garden, and we repeated our analyses for larger buffers for surrounding greenness
(i.e., 500-m and 1,000-m) and individuals without a garden. Overall, our results were robust to the
sensitivity analyses conducted (Table S7), although some differences were observed when using
different buffer sizes and excluding individuals with a private garden (Tables $8-S11). When using the
500-m and 1,000-m buffer for surrounding greenness, inverse significant associations for natural
cause mortality were also found among low-educated women of LMIC-origin. When excluding
residents without a garden, the associations between poor self-perceived health and surrounding and
perceived neighbourhood greenness were no longer significant, except for low-educated women
originating from other HIC. Additionally, with perceived neighbourhood greenness, we observed an
inverse association also among low-educated men originating from Belgium. For natural cause
mortality, beneficial associations were observed with the two residential UGS indicators among low-
educated men of LMIC-origin.

4, Discussion

This study investigated the effect modification of several socioeconomic and demographic dimensions
in the relationship between residential UGS and health by applying an intersectional approach. In line
with previous studies, we found an inverse association of UGS with poor self-perceived health
(Agyemang et al., 2007; Dadvand et al., 2016; de Vries et al., 2003; Klompmaker et al., 2019; Maas et
al., 2006; Orban et al., 2017; Triguero-Mas et al., 2015; Van Dillen et al., 2012) and natural cause
mortality (Bauwelinck et al., 2021; Crouse et al., 2017; James et al., 2016; Orioli et al., 2019; Vienneau
et al., 2017; Villeneuve et al., 2012). Our models were adjusted by several sociodemographic and
socioeconomic variables, at both the individual and the area-level. However, we cannot dismiss
residual confounding for other variables that were not available in our dataset. For instance, lifestyle
factors, such as BMI or smoking status could have also affected our findings, although these might be
highly determined by the sociodemographic and socioeconomic characteristics considered and,
moreover, previous studies adjusting by these variables showed similar results as ours (Crouse et al.,
2017; Klompmaker et al., 2019). We also lacked information on potential mediators of the association
between green spaces and health, such as physical activity, or other contextual elements like social
cohesion (Dadvand et al., 2016). Notwithstanding these potential limitations, and bearing in mind
important methodological, contextual and population variations across studies, our results were fairly
comparable in strength to those of the existing literature on UGS and poor self-perceived health
(Klompmaker et al., 2019; Triguero-Mas et al., 2015) and natural cause mortality (Crouse et al., 2017;
Vienneau et al., 2017). Although the health-related effects of environmental exposures are more
modest than the well-known effects of individual risk factors (such as smoking or physical activity),
their importance is crucial since they affect entire populations and are easily modifiable.

The results of the intersectional analyses suggest an interaction between residential UGS, gender,
educational attainment and migrant background in the association with the outcomes studied. For
poor self-perceived health, among women, we observed that the strongest beneficial associations
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were found in those with lower education, for every migrant background. Conversely, among men,
they were found in the tertiary educated, although they were only significant in men originating from
Belgium and other HIC. In men of Belgian origin, we also found protective associations in the lower
educated. For natural cause mortality, our findings suggest an additional beneficial effect for tertiary
educated women of Belgian origin when exposed to higher levels of surrounding greenness, and of
residential urban green spaces for women originating from other HIC with higher secondary
education. No significant associations with natural cause mortality were found in LMIC-origin
residents.

Intersection analyses clearly showed an interaction between UGS, gender and educational attainment
in the associations with both (health) outcomes. As far as we know, only one study focusing on the
relationship between park availability and BMI in children has assessed the effect modification by
gender and an indicator of socioeconomic position simultaneously (Hughey et al., 2017). Contrary to
our findings, higher availability of parks near the residence was associated with lower BMI among the
low SEP group of boys, while among girls this was found in the high SEP group. Our findings for women
are however in agreement with the existing literature using a similar methodology and focusing on
the relationship between UGS exposure and birth outcomes [therefore including only (pregnant)
women]. These studies have consistently found stronger beneficial effects of green spaces on several
outcomes in the low-educated (Dadvand et al., 2014, 2012a, 2012b; McEachan et al., 2016). In a recent
review, (Nieuwenhuijsen et al., 2017) highlighted that low SEP groups and women might benefit more
from green spaces than other social groups. Interestingly, in our study, this pattern was consistent in
every migrant background, which could indicate that, in Brussels, the beneficial effects of green spaces
on health among women with lower education do not depend on cultural differences in uses or
attitudes towards UGS. Women in a low socioeconomic position might rely to a greater extent on local
resources and nearby social contacts, being more susceptible to contextual factors (Stafford et al.,
2005). In parallel, they usually spend more time in and around the house, resulting in a higher
exposition to residential green spaces (de Vries et al., 2003; Maas et al., 2009).

We found a significant decreased risk of natural cause mortality with surrounding greenness — but not
with perceived neighbourhood greenness — among women with tertiary education originating from
Belgium. This association was no longer significant when excluding residents with a private garden.
Because surrounding greenness is an unspecific indicator of green, it is hard to discern which type of
green is explaining the observed beneficial associations with health. Comparatively, perceived
neighbourhood greenness might also capture other characteristics of the residential environment,
such as walkability or perceived safety, which may play a role in the relationship with health (Sugiyama
et al., 2008). Using subjective indicators of green spaces in addition to the objective ones might help
to better understand which groups benefit the most from living near green spaces and map out health
inequalities.

An opposite trend was observed for men, although we did find beneficial associations on health in the
lower educated of Belgian origin. A greater beneficial effect of green spaces in the tertiary educated
men might be related to a more active use of them, since education is a predictor of physical activity
(Gidlow et al., 2006) and men are more likely to exercise in open public green spaces (Cohen et al.,
2007). More research is needed to assess the intersection between residential UGS, gender and
educational attainment in the relationship with health outcomes.

We found significant interactions between residential UGS indicators and migrant background for
both health outcomes, but the differences between the groups were very subtle. Among men
originating from LMIC, we observed no significant beneficial associations on health of living near
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greener spaces. To our knowledge, only three studies conducted in the UK have assessed the effect
modification by ethnicity in the relationship between green spaces and different health indicators.
Despite all being based on the Born in Bradford cohort, they show mixed results, and only one focused
on an adult population, similar to ours (Dadvand et al., 2014; McEachan et al., 2018, 2016). One study
observed positive associations between surrounding greenness and birth weight among singleton live-
births of White British mothers, but not among those of Pakistani women (Dadvand et al., 2014).
Another study found improved mental health among 4-year-old South Asian children, but not among
White children (McEachan et al., 2018). In contrast, when studying green spaces and depressive
symptoms among pregnant women, no apparent effect modification by ethnicity was found
(McEachan et al., 2016). Comparing these results might be difficult however, as the cultural
background of the studied groups and the assessed health outcomes are very different.

From the residents originating from LMIC in our study, almost 50% came from Morocco and 15% from
Turkey. In Belgium, men originating from these countries arrived as guest labourers in the post-war
period and in the 1970s, and women followed afterwards for family reunification (Bauwelinck et al.,
2016). These groups settled in working-class neighbourhoods located in the inner city, characterized
by inexpensive low housing quality, poor infrastructure and demographic pressure (Van Hamme et al.,
2016). Within these areas, opportunities of exposure to green spaces are relatively limited. In our
study, median levels of very good perceived neighbourhood greenness were 28% (IQR: 14-42) among
Belgians, 22% (IQR: 9-37) among residents from other HIC and 9% (IQR: 5-24) among residents from
LMIC. The differences between women and men in the associations between green spaces and health
in this group are therefore intriguing. Because increasing the buffer size strengthened the inverse
associations found between residential UGS and both health outcomes in women originating from
LMIC, we venture that men from the same migrant background might have less opportunities or
motivations to travel to greener areas.

We only found a relatively small mediation effect with PM1o on UGS estimates in relation to poor self-
perceived health, which is similar to findings of most prior studies (Bauwelinck et al., 2021;
Klompmaker et al., 2019; Vienneau et al., 2017). We furthermore observed negative proportions of
mediation effects for both BC and noise pollution. We suspect inconsistent mediation as signs
between the direct and indirect effects were opposite (results not shown). Consequently, we
considered interpretation of these negative mediation effects invalid. Two other comparable studies
did identify noise pollution as a mediator in the relationship between green spaces and mortality
(Orioli et al., 2019; Vienneau et al., 2017).

Our research can be framed within what (Bauer and Scheim, 2019) have called “descriptive
intersectionality”, which is the focus on outcome heterogeneity across social strata. In depth
explanatory analysis of the described patterns was unfortunately beyond the scope of our study. Our
approach was intended as a heuristic analysis, since it allows to test independently and stepwise
different dimensions in the model (Scott and Siltanen, 2017), and has furthermore been used in
previous studies on intersectionality and health inequalities research (LeVasseur et al., 2013).
Descriptive intersectionality in quantitative research has so far aimed at evaluating the interactions
between different social dimensions and/or to perform a between-group comparison of average risks
through the clustering of individuals into combined social categories (McCall, 2005; Wemrell et al.,
2017). As previously mentioned, this method has been criticised for not taking into account the fluidity
of different social identities, assuming immovable categories and therefore overlooking their potential
heterogeneity. Additionally, the inter-categorical approach could entail the dangerous collateral effect
of stigmatising and stereotyping the operationalised groups, contributing to perpetuate social
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inequalities (Bauer, 2014). In order to overcome these limitations and to study within-group
heterogeneity and/or the overlapping between strata, different methods have been suggested, such
as analysing the discriminatory accuracy of the operationalised categories (Merlo et al., 2017) or using
interacting social dimensions in multilevel analyses (Evans et al., 2018).

Potential limitations of our study are mainly related to the use of administrative data. First, as
previously mentioned, we were unable to control for lifestyle factors, such as smoking status, which
might have biased our results. However, studies adjusting for these variables have reported similar
findings (Crouse et al., 2017; Klompmaker et al., 2019). Second, we did not have time-varying variables
at our disposal; factors such as housing tenure or household living arrangement might have changed
with respect to the baseline during the follow-up. Third, exposure to green spaces was only assessed
based on the residential address at baseline. However, we were able to select a subsample of people
living in the same statistical ward 10 years prior to the baseline, for which we found robust results,
therefore proving evidence of beneficial effects of long-term exposure to urban green spaces. Fourth,
we selected environmental indicators for which the year of measurement was as close as possible to
the middle of the follow-up period. However, the year of measurement might not be a considerable
issue as it is unlikely that the spatial distribution of environmental characteristics has notably changed
during follow-up (Van de Voorde et al.,, 2010). Fifth, although we could assess perceived
neighbourhood greenness, objective indicators regarding quality were unavailable; neither
information on contact with green spaces (e.g., frequency or duration) was available. Sixth, we
adjusted our analyses for the percentage of unemployment in the statistical ward as a surrogate for
area-level socioeconomic position. Unfortunately, other contextual indicators such as social cohesion,
which may potentially mediate associations between UGS and health, were not available (de Vries et
al., 2013; Nieuwenhuijsen et al., 2017). Other built environment variables, like population density,
were not considered because of potential collinearity with the environmental indicators. Seventh, we
used a subjective indicator of health status; however, self-perceived health is considered a reliable
independent predictor of mortality and health service utilization and has been recommended to
perform comparisons of health status in different populations (Jylha, 2009).

To our knowledge, this is the first study on health-related outcomes of green spaces investigating
socioeconomic and demographic inequalities applying an intersectionality approach. Our study is
based on a large administrative dataset covering the entire BCR population and including a wide set
of relevant indicators, i.e., socioeconomic and demographic indicators, subjective information on self-
perceived health, linked to information on natural cause mortality for a 13-year follow-up. Moreover,
exposure to residential UGS was assessed through objective indicators derived from high-resolution
data sources, supplemented with subjective indicators obtained from census data. Additionally, high
resolution information on environmental hazards, such as air and noise pollution, was available at the
residential level. The application of an intersectionality approach was possible thanks to the large size
of the study population, which allowed for the use of different stratification levels without losing
statistical power, and the follow-up long enough to detect differences. Furthermore, using the
Brussels Capital Region as study setting enabled us to investigate a population with very diverse
migrant backgrounds, both from high and low and middle-income countries, and socioeconomic
status.

5. Conclusions

We observed that, in Brussels, living in areas with higher residential surrounding greenness and better
perception of neighbourhood greenness is inversely associated with poor self-perceived health at
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baseline and death from a natural cause over a 13-year follow-up period. We found a consistent
pattern showing a greater protective effect among low-educated individuals, that is especially strong
among women, regardless their migrant background. We observed no statistically significant
associations in men originating from LMIC countries. In order to better understand the underlying
mechanisms of these associations, future research should focus on the quality of and contact with
green spaces. Our research shows the importance of simultaneously taking into account several social
dimensions (gender, educational attainment, and migrant background) in order to better understand
social inequalities underlying the health-related benefits of green spaces. Therefore, urban planners
and policy makers should take into account the distribution of different social strata in the population
in order to maximize potential beneficial effects of greening strategies in cities. Besides, increasing
greening infrastructure in cities has the potential to act as a driver of gentrification, which could
deteriorate the health status of the most vulnerable urban dwellers and counteract the beneficial
effects on health of green spaces (Cole et al., 2019); therefore, these initiatives need to be carefully
assessed and be accompanied by housing and social policies aiming at combatting this undesirable
phenomenon.
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