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Abstract While past research suggests that urban
greenspace is associated with weaker income-based
mortality inequities, little is known about associa-
tions with racial inequities, which may be distinct
owing to historical and contemporary forms of rac-
ism. We quantified the extent to which different
measures of greenspace modified socioeconomic
and racial/ethnic inequities in all-cause and car-
diovascular disease mortality. For every residential
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census tract in Philadelphia, PA (N = 376), we
linked counts of all-cause and cardiovascular mor-
tality (years 2008-2015) with measures of greens-
pace (proportion tree canopy or grass/shrub cover,
proportion residents reporting park access, and the
normalized difference vegetation index measure
of overall greenness) and American Community
Survey-based measures of sociodemographic com-
position (proportion of residents living in poverty,
proportion identifying as non-Hispanic Black, and
the index of concentration at the extremes (ICE)
representing racialized economic deprivation).
We used age- and sex-adjusted negative binomial
models, with the natural logarithm of age-specific
population counts as an offset, to quantify the mag-
nitude of inequities by each composition variable,
overall and stratified by categories of each greens-
pace measure. Inequities in mortality were weaker
among neighborhoods with higher proportion grass/
shrub cover or overall greenness. The most substan-
tially narrowed inequities were those by the ICE.
Mortality inequities did not differ substantially by
perceived park access, and tree canopy was asso-
ciated with weaker ICE-based inequities only. In
this ecologic analysis, neighborhood greenspace
was associated with weaker mortality inequities.
However, associations varied across greenspace
type and sociodemographic composition metrics,
with generally stronger associations with over-
all greenness and grass/shrub coverage, and for
ICE-basedinequities.


http://crossmark.crossref.org/dialog/?doi=10.1007/s11524-023-00748-5&domain=pdf
http://orcid.org/0000-0001-8930-9896
https://doi.org/10.1007/s11524-023-00748-5
https://doi.org/10.1007/s11524-023-00748-5

Does Urban Greenspace Reduce Mortality Inequalities Based on Poverty... 687

Keywords Green space - NDVI - Mortality -
Equigenic - Inequities - Index of concentration at the
extremes

Introduction

Worldwide, cities are investing in greenspace—creating
parks and planting trees—to promote health. A growing
body of evidence suggests that greenspace is associated
with lower risk of premature mortality and various mor-
bidity outcomes [1] and may improve health through a
multiple pathways, including reducing stress, bolstering
mental health, promoting physical activity, and/or reduc-
ing environmental stressors, such as noise or heat [2].

Perhaps, even more compelling is a small literature
suggesting that greenspace may reduce health inequities
[3-5]. Indeed, lower income populations may have more
to gain from greenspace as compared to their wealthier
counterparts [6]. For example, the cooling properties of
greenspace on hot days may be more beneficial to resi-
dents who are unable to afford air conditioning [7]. In
addition, in contrast to other health promoting assets that
may require payment and thus exclude lower income
community members (e.g., healthy food stores, gyms),
greenspace is often freely available to the public.

The term “equigenesis” was introduced in 2008 to
describe the idea that environmental interventions may
be used to promote health equity [6]. Equigenesis may
be achieved by promoting the health of less advantaged
people or groups equally (or more) than advantaged ones
(i.e., “levelling up”), or by limiting the health of advan-
taged people or groups to a greater extent than that of
less advantaged ones (i.e., “levelling down”). To date,
little research on the “equigenic” potential of greenspace
has been conducted in the USA, despite the country’s
pervasive and geographically patterned health inequi-
ties [8]. Further, few studies have empirically assessed
the association of greenspace with racialized or racial-
ized economic health inequities—which may be distinct
from relationships with income-based inequities. This is
important, because racism in the USA, which manifests
at different levels, has implications for greenspace availa-
bility, quality, and utilization in racially minoritized com-
munities [9, 10]. For example, structural racism in the
form of historical redlining and present-day racial resi-
dential segregation may impact greenspace availability
or quality in marginalized communities [11-13]. Expe-
riences of racial discrimination in green spaces—a form

of personally mediated racism—may impact greenspace
utilization in minoritized communities [14].

Here, we quantified inequities in neighborhood
rates of all-cause and cardiovascular mortality. We
first calculated inequities using neighborhood compo-
sition measures based on poverty, race/ethnicity, and
racialized economic deprivation. We then calculated
the extent to which different measures of greenspace
narrow (i.e., modify) these inequities. We hypoth-
esized that greater availability or perception of greens-
pace would be associated with weaker neighborhood-
level inequities in mortality rates. However, we also
hypothesized that racism-mediated mechanisms would
limit the benefits of green spaces in neighborhoods
with higher proportion racially marginalized residents.
Thus, we hypothesized that impacts of green spaces on
reducing inequities would be less substantial for race-
based, rather than poverty-based inequities. Finally,
we hypothesized that greenspace types that do not
require active utilization, such as trees or grass rather
than parks, would be most effective at narrowing ineq-
uities. We conducted this analysis in Philadelphia, PA,
one of the poorest and most racially segregated cities
in the USA, one where institutional racism is associ-
ated with present-day inequities in tree coverage [15]
and also one with extensive green areas, including
both natural and planned parks, but also sections with
high amounts of impervious land cover [16].

Methods

In this ecologic analysis, the unit of observation was
2010 census tracts, which we used to approximate
neighborhoods. Census tracts are administrative units,
defined by the U.S. Census Bureau and often used in
population-health research to approximate neighbor-
hoods [17]. Of 384 total census tracts in Philadelphia,
we excluded 8 non-residential areas, leaving 376 units
in the analysis. Although there are many ways in
which the geographic boundaries for a neighborhood
can be identified, census tracts are most commonly
used to approximate neighborhoods [18]. Thus, using
the census tract, rather than census blocks or census
block groups, allows greater comparability across
studies. Census tracts are also socially homogeneous
and, in past research, have been shown to perform as
well as census block groups for monitoring inequities
in mortality rates [19].
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Data

We calculated total counts of deaths from all causes
and from cardiovascular disease (CVD, ICD-10
codes 100-199) in each census tract, stratified by cat-
egories of sex and age (< 18, 18-44, 45-64, 65+)
in years 2008-2015 in Philadelphia. Mortality data
came from the Bureau of Health Statistics and Reg-
istries of the Pennsylvania Department of Health,
Harrisburg, Pennsylvania. We linked these with
tract-level sex- and age-stratified population counts.
In addition, we linked these with data on proportion
of census tract residents living in poverty, propor-
tion non-Hispanic Black, and population density
(count/km?). The census tract level population and
demographic composition data came from 5-year
average estimates of the US Census Bureau’s Amer-
ican Community Survey (ACS, years 2011-2015)
[20]. We also used ACS data on median household
income and proportion non-Hispanic Black to cal-
culate the index of concentration at the extremes
(ICE) as a measure of racialized economic dep-
rivation. The ICE quantitatively reveals spatial
polarization of deprivation [21], comparing concen-
trations of low-income Black residents with con-
centrations of high-income White ones. By incorpo-
rating race and income into a single measure, the
ICE also accounts for the entanglement of poverty
and the social construct of race in the USA [21].
The ICE ranges in value from —1 (most deprived)
to 1 (most privileged). We calculated the ICE sta-
tistic using methods used by others (Supplemental
Materials 1) [21].

Greenspace Measures

We linked the data with tract-level measures of
overall greenness, proportion tree canopy, pro-
portion grass/shrub cover, and proportion of adult
residents reporting access to a park or open space
that they felt comfortable visiting. Tree canopy
and grass/shrub coverage estimates were derived
from high resolution (30.5 cm X 30.5 cm) ortho-
photography and Light Detection and Ranging
(LiDAR)-based land cover assessment data for the
city of Philadelphia, years 2008 and 2018 [22, 23]
and calculated as the total land area covered by
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tree canopy or grass/shrub cover divided by the
total land area in each tract. We linearly interpo-
lated across years 2008 and 2018 to derive a year
2013 estimate. We selected year 2013, because it
was the median between the years of the two land
cover assessments. Linear interpolation has been
used previously to derive annual estimates of land
cover when data are available for only a few years
[24]. The measure of perceived park access was
derived from the Southeast Pennsylvania House-
hold Survey (SEPHHS) of a representative sam-
ple of the non-institutionalized adult population
living in South Eastern Pennsylvania. Survey
participants were identified using random digit
dialing and asked about health diagnoses, behav-
ior, and neighborhood environment. Proportions
of residents reporting access to a park or open
space were estimated using responses to the fol-
lowing question in the 2012 SEPHHS: “Is there
a park or other outdoor space in your neighbor-
hood that you are comfortable visiting during the
day?” Smoothed, tract-level estimates were cal-
culated using Bayesian hierarchical models that
simultaneously account for spatial and temporal
dependencies [17]. Details on the methods used
to derive the smoothed estimates are reported
elsewhere [25]. We also measured overall green-
ness using the normalized difference vegetation
index (NDVI), a unitless index ranging from —1
(least green) to 1 (most green). We used cloud-,
shadow-, and water-masked Landsat 8 level 2,
collection 2, tier 1 atmospherically corrected sur-
face reflectance images, captured between Janu-
ary 1, 2013 and December 31, 2015 to identify
the maximum NDVI in each 30 m pixel over the
time period [26], and calculated census tract
averages of these pixels. We used images from
2013 to 2015 to account for subtle variability in
the NDVI that might have occurred because of
rainfall or humidity levels. We used Google Earth
Engine to retrieve the images, to cloud-, shadow-,
and water-mask them, and to calculate the maxi-
mum pixel-level NDVI for the time period. We
used the Raster package’s extract function [27]
of the R software (version 3.5.1) to calculate the
average NDVI value in each tract; any cell whose
center appears within the boundaries of the cen-
sus tract polygon was included in the calculation.
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Analysis

The objective of this analysis was to investigate
the extent to which greenspace measures modify
associations between neighborhood compositional
measures and age- and sex-adjusted mortality
rates. That is, we explored whether the associa-
tion between different measures of deprivation and
mortality rates was closer to the null in census
tracts with greater amounts of greenspace. Thus,
the outcomes in this ecologic analysis were age-,
sex-, and census-tract specific mortality counts
(all-cause or CVD). The primary explanatory vari-
ables were the following: proportion non-Hispanic
Black, proportion living in poverty, and the ICE
measure of racialized economic deprivation. We
explored the greenspace measures as effect modi-
fiers by modeling them in interaction terms. We
first estimated associations between each of the
sociodemographic variables and the mortality
rates using negative binomial models. We rescaled
the sociodemographic terms to range from 0 (low-
est levels of marginalization) to 1 (highest levels
of marginalization). We entered the rescaled meas-
ures as continuous terms in our models; prelimi-
nary analyses supported the assumption of line-
arity. In all models, we adjusted for age and sex
categories. We also included the natural logarithm
of age- and sex-specific population counts as an
offset term. In preliminary analyses, we adjusted
for population density (modeled as a three-level
categorical variable with categories based on ter-
tiles). Because population density did not change
the estimates of association between the composi-
tion variables and mortality rates, we report results
unadjusted for population density. We exponenti-
ated the beta coefficients associated with the com-
position terms to derive estimates of the relative
index of inequality (RII) and its associated 95%
confidence interval (CI). The RII is a regression-
based relative measure of inequality [28]. Here, it
compares rates of mortality in census tracts with
the highest vs. the lowest levels of marginaliza-
tion/deprivation. Next, we explored the greens-
pace measures as effect modifiers of associations
between the sociodemographic composition vari-
ables and mortality rates by including an interac-
tion term between each sociodemographic variable
and each greenspace measure. Specifically, we

used these interaction terms to quantify the extent
to which the magnitude of the RlIIs differed across
tertile-based categories of the greenspace meas-
ures. We ran each combination of greenspace/com-
position variable interaction separately.

Assuming that O, represents the observed num-
ber of deaths occurring in census tract i among indi-
viduals in age category a and sex category s, and
P,,, is the count of individuals in age category a and
sex category s living in census tract i and O,

as

Negative binomiallog(u,,, * P;,,), the fitted model,
including the interaction terms, took the following

form:

log (yim) = ay + f;composition; + f,green ; + ﬂA;greenhigh[
+ B,composition; s green,,,q; + fscomposition; s greeny;q;

+ Bsage + Bysex + log (P, ),

where y;,,, is the number of deaths in census tract
i belonging to age category a and sex s; the com-
position variable is either proportion non-Hispanic
Black, proportion living poverty, or the ICE statistic
for racialized economic deprivation in census tract
i; green represents one of the four greenspace meas-
ures; sex is a binary indicator, and age is a vector of
categorical terms representing the relevant age cat-
egories; and population is the count of total popula-
tion of individuals in tract i belonging to age cat-
egory a and sex s.

We present results as the RII and their associated
95% Cls, overall, and by tertile-based categories of each
greenspace measure (low, moderate, or high). The RII
may be interpreted as the linearized mortality rate ratio
comparing census tracts at the highest vs. the lowest
level of deprivation for each sociodemographic measure.
RII values further from 1 represent greater inequities.
Because a higher ICE value represents more privilege,
and a lower value represents more deprivation, and for
this measure, we report the reverse of the estimated RII
estimates so that the directionality is consistent with the
other measures for which the highest values represent the
greatest marginalization. We also calculated the ratio of
the RIIs (RRIIs) and associated 95% CI to quantify the
magnitude of the difference of the RIls, comparing asso-
ciations in the highest vs. the lowest greenspace catego-
ries. We calculated the RRII by exponentiating the coef-
ficient associated with the interaction between the highest
tertile of greenspace and the sociodemographic vari-
able (5 from the model; Supplemental materials 2) [29].
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Results
Description of the Study Area

Across 376 Philadelphia census tracts, the median pro-
portion tree canopy and grass/shrub cover were 0.12
(interquartile range (IQR): 0.08, 0.20) and 0.18 (IQR:
0.14, 0.25), respectively (Table 1). Across all census
tracts, proportion tree and grass/shrub cover ranged
from 0.02 to 0.80 and 0.02 to 0.47, respectively. Pro-
portion of adults reporting park access ranged from
0.45 to 0.95, and NDVI ranged from 0.16 to 0.88
(ranges not shown in table). The tracts were densely
populated (median (IQR): 6811.3 population/km2
[4366.2, 9999.5], Table 1). The median proportion liv-
ing in poverty was 0.25 (IQR: 0.13, 0.37), and median
proportion non-Hispanic Black was 0.30 (IQR: 0.10,
0.80). Greenspace measures were generally higher
in areas with a lower proportion of households living
in poverty and lower proportion non-Hispanic-Black
residents. Population density followed a gradient of
increasingly higher population as proportion living in
poverty increased. Proportion tree canopy was moder-
ately correlated with proportion grass/shrub cover and
perceived park access (r: 0.39 and 0.34, respectively)
and highly correlated with NDVI (r: 0.87, Supplemen-
tal Materials 3).

Overall Associations

There were inequities in rates of all-cause and cardio-
vascular mortality across tract-level measures of pov-
erty and race composition and racialized economic
deprivation (Table 2). The magnitude of the inequi-
ties, measured with the RII, was similar for all-cause
and CVD mortality. Racialized economic deprivation
(ICE)-based inequities were most substantial, while
race-based inequities were least substantial. For
example, compared to census tracts with the least
deprivation, quantified using the ICE, tracts with the
highest deprivation had 2.91 (95% CI: 2.67-3.18)
times the rate of all-cause mortality and 2.86 times
the rate of CVD mortality (95% CI: 2.58-3.17).

Modification of the RII by Greenspace Measures
Figure 1 shows poverty-, race/ethnicity-, and ICE-

based RII estimates for all-cause mortality, stratified
by tertiles of the greenspace measures (Supplemental
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Material 4 shows point estimates and RRIIs). Patterns
for CVD mortality were similar and are illustrated in
Supplemental Materials 5. Consistent with the equi-
genic hypothesis, the RIIs representing associations
of poverty or racial/ethnic composition and ICE with
rates of age- and sex-adjusted mortality were weaker
in tracts with higher proportion grass/shrub cover or
overall greenness. These trends are represented by a
gradient of increasingly smaller RII estimates, mov-
ing from the lowest to the highest category of greens-
pace. The most substantially weakened associations
were for ICE-based RlIs. For example, the ICE-based
RII for all-cause mortality was 4.17 (3.57-5.00), 3.12
(2.63-3.70), and 1.92 (1.64-2.27) in tracts with low,
moderate, and high proportion of grass/shrub cover,
respectively. Based on the RRII, the ICE-based RII
was 51% lower (95% CI: 0.39-0.62) in tracts with the
highest vs. the lowest greenness levels and 54% lower
(95% CI: 0.37-0.57) in tracts with the highest vs. the
lowest proportion grass/shrub cover (Supplemen-
tal Table 4). We did not observe a trend of consist-
ently weaker inequities as proportion tree canopy or
proportion residents reporting park access increased.
However, ICE- and poverty-based inequities in all-
cause mortality rates were weaker in neighborhoods
with the highest proportion tree canopy cover.

Discussion

Increasingly, cities are using greenspace interven-
tions to promote health and equity; understanding the
types of greenspace that provide the greatest benefits
is critical. This analysis contributes to understanding
of the equigenic potential of greenspace by consider-
ing associations with racial and racialized economic
inequities, by evaluating associations with different
greenspace types, including a measure of perceived
access to parks or open spaces, and by investigat-
ing these hypotheses in a major USA city. We found
that the magnitude of the inequities in rates of mor-
tality across Philadelphia was less substantial in
census tracts with higher overall greenness (NDVI)
and higher proportion grass/shrub coverage. The
narrowing trend was most pronounced for racial-
ized economic deprivation-based inequities. These
results contribute evidence in support of the equig-
enic hypothesis for greenspace and suggest that the
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Table 2 Relative index of inequality (RII) in all-cause and cardiovascular mortality rates by census tract-level sociodemographic
composition measures’

Composition measures

Relative index of inequality (95% CI)

All-cause mortality

Cardiovascular
Disease mortal-

ity

Racialized economic deprivation

Proportion poverty
Proportion NH Black

2.91 (2.67-3.18)
2.22 (2.02-2.44)
1.71 (1.62-1.81)

2.86 (2.58-3.17)
2.18 (1.95-2.43)
1.70 (1.60-1.81)

!The relative index of inequality (RII) was estimated from a negative binomial model of age-, sex-, and tract-specific counts of
all-cause or cardiovascular disease (CVD) deaths, adjusted for age and sex, by sociodemographic composition measure. Since soci-
odemographic composition measures are rescaled to range from 0 to 1, the RII is interpreted as the linearized mortality rate ratio
between census tracts at the top vs. bottom of each composition measure. For example, areas with the highest levels of poverty have
2.22 times the all-cause mortality rate of areas at the lowest levels of poverty

NN Wk
o o mouvo

NN Wk
o o ;ouvo
s

<)

W
ouvo

Relative Index of Inequality (95% CI)
o

ICE

Proportion living
in poverty

Proportion NH Black

Moderate High

Low Moderate High
Tertile of green space measure

Moderate High

ss990e qniys/sselb
uojjodoud INON

yJed uoiuodoid

9aJ}) uoiodoad

1The relative index of inequality (RIl) was estimated from a negative binomial model of age-, sex-, and census-tract specific counts of all-cause or cardiovascular
disease (CVD) deaths, adjusted for age and sex categories, with the composition and green space measures and their interaction included as covariates. Since
sociodemographic composition measures are rescaled to range from 0 to 1, the RIl is interpreted as the linearized mortality rate ratio between census tracts at the

top vs bof

ttom of each composition measure.

2Low, moderate, and high categories are based on tertiles of the distribution of the greenspace variables, and coded as follows: NDVI, Low= 0.16 to 0.38"
Moderate= > 0.38 to 0.49, High= > 0.49 to 0.88; Grass/shrub, Low=0.0196 to 0.155, >0.155 to 0.221, >0.221-0.470; Park, Low=0.453 to 0.717, Moderate= >
0.717 t0 0.791, High=>0.791 to 0.949; Trees, Low= 0.0183 to 0.0956, Medium= >0.0956 to 0.160, High= >0.160 to 0.804

ICE, Index of Concentration at the Extremes; NDVI, Normalized difference vegetation index; NH Black, Non-Hispanic Black

Fig. 1 Relative index of inequality estimates comparing rates of mortality in Philadelphia, PA, census tracts with the highest vs.
lowest levels of deprivation based on composition, stratified by tertile of each greenspace measure. '
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most powerful associations may be in relation to the
extreme measures of deprivation/marginalization.

A recently published review of papers that inves-
tigated the extent to which links between greenspace
and health vary across levels of sociodemographics
(i.e., papers that evaluated modification of associations
between greenspace and health by categories of soci-
odemographics) found overwhelming evidence that
greenspace was disproportionately protective against
adverse health outcomes in low socioeconomic position
groups; however, there was no strong evidence of vari-
ation of associations across racial/ethnic categories [5].
Few studies have quantified the extent to which greens-
pace modifies associations between sociodemographic
composition and health/mortality outcomes (i.e., esti-
mates of inequities), as we did here. In Latin America,
greenness (measured using NDVI) was associated with
weaker education-based inequities in violence-related
mortality, but not with weaker inequities for other causes
of death, including CVD [4]. In the UK, Mitchell and
Popham found that the ratio comparing incidence rates
of all-cause mortality in the most vs. the least income-
deprived areas was 1.93 in the least green areas, but 1.43
in the greenest areas (ratio of the relative rates: 0.85)
[30]; these results are quantitatively similar to the RRIIs
that we observed for greenness and grass/shrub cover.

In our work, the strongest evidence in support of
equigenesis was by grass/shrub coverage or greenness.
Evidence for narrowing of inequities by perceived park
access, in particular, was less substantial. The reasons
that these different measures had varying associations
with inequities in mortality rates are not clear. However,
of all the measures, perceived park access had the least
substantial variability across the neighborhoods. Also,
the perceived park measure might have incorporated
perceptions of non-green (paved) parks, which may
have different associations with health, as compared
with the other measures. Furthermore, the perceived
park access variable may have, inadvertently, eluci-
dated perceptions of access to other health promoting
resources, such as healthy grocery stores [31]. This may
have resulted in misclassification of the park access
variable. Additional work that more fully explores the
mechanisms underlying different associations with
health and health equity across varied greenspace meas-
ures, including perceptions of green spaces, is needed.

To our knowledge, this is the first analysis to investi-
gate the equigenic potential of greenspace for racial- or
racialized economic deprivation-based inequities. We

hypothesized that variation in perceptions, experiences,
utilization, or quality of green spaces across neighbor-
hood demographics would have implications for health
equity promotion. Overall, we observed similar trends
in association across all sociodemographic composition
measures; however, the strongest equigenic trends were
for ICE-based inequities. Overall, there were more sub-
stantial mortality inequities quantified using the ICE,
as compared to the other sociodemographic composi-
tion measures. This is consistent with other population
health research that has compared the ICE statistic with
poverty composition measures [32]. The ICE measure
represents the entangled constructs of poverty and race
in the USA [21] and also the most extreme levels of
deprivation. Thus, the most deprived populations may
have the greatest to gain from green spaces.

Strengths of this work include the use of four distinct
measures of greenspace, one of which was a survey-
based measure of perceived park/open space access,
and tree canopy and grass/shrub variables were derived
from state of the art, high resolution, LIDAR-based land
cover assessment data. Another strength is the use of a
RRII estimate to derive a quantitative estimate of the
magnitude of differences of associations across catego-
ries of the modifier. We also acknowledge several limi-
tations. First, this Philadelphia-based study had a rela-
tively small sample size (376 census tracts), and results
may not be generalizable to other areas. The perceived
park access measure did not account for differences in
type or presence of vegetation, or in cleanliness, pres-
ence of graffiti, or other amenities, which may differ
across categories of neighborhood sociodemographics.
For example, a survey of park utilization across four
metropolitan areas, including Philadelphia, found that,
compared to low-poverty areas, parks in high poverty
areas had more graffiti and litter on surrounding streets
and also were close to poorer condition buildings [13].
Similarly, the tree canopy and grass/shrub cover meas-
ures we used did not distinguish quality or species of
plant, which could have implications for health benefits.
In addition, land cover assessment data were not avail-
able across all years. As a result, we used linear interpo-
lation to derive a measure for year 2013, which was the
median year across the study years. We acknowledge
that this may have resulted in some misclassification
of grass/shrub and tree canopy coverage. Additionally,
this study relied on vital statistics data; as a result, it is
possible that cardiovascular deaths were misclassified
and/or under-represented. Furthermore, the objective
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greenspace measures that we used do not indicate
whether the areas were publicly available or not. Finally,
this study was ecologic in design. Thus, the results from
this work cannot be used to make individual-level infer-
ences. Nevertheless, we believe that the ecologic study
design is important within the context of considering
the impacts of population-level interventions on health
equity, characterized at a neighborhood-level.

Conclusion

Some suggest that the rapid rate at which the world
is urbanizing will magnify health inequities [33]. If
designed and implemented thoughtfully and appropri-
ately, urban interventions may be leveraged to promote
equity. Our results support the hypothesis that greenspace
interventions may be associated with more narrow ineq-
uities in neighborhood-level mortality rates—especially
inequities that are based on the highest levels of depriva-
tion, and which may be rooted in historical and present-
day systems of racism, such as racialized residential
segregation and disinvestment [34]. Trends were more
substantial for overall greenness and grass/shrub, sug-
gesting that different greenspace types may have different
associations with health equity. These results are based
on an ecologic analysis and focused on a single city.
Thus, we emphasize the need to replicate them in other
settings and using different study designs. In addition,
in considering greening programs as an intervention,
it is important to consider the potential for longer-term
adverse implications for health equity at a neighborhood
level, for example, through gentrification processes that
may lead to feelings of social or cultural exclusion [35].
Overall, these results suggest the potential value but also
the associated complexities associated with designing
interventions to promote health equity in urban settings.
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