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Residential Greenness Positively Associated
with the Cortisol to DHEA Ratio among Urban-Dwelling
African American Women at Risk for HIV

Gibran Mancus & Andrea N. Cimino & Md Zabir Hasan & Jacquelyn C. Campbell &
Peter J. Winch & Phyllis Sharps & Kiyomi Tsuyuki & Douglas A. Granger & Jamila K.
Stockman

# The New York Academy of Medicine 2020

Abstract As ecosystems that support human health,
societies, and civilization change in the era of the
Anthropocene, individuals with disproportionate bal-
ance of salivary hormones may be at greatest risk of
morbidity and mortality. Vulnerable communities, in
particular, are overburdened by inequities in features
of built environments linked to health disparities. This
study examined the cross-sectional association of green-
ness in the built environment with the ratio of cortisol to
dehydroepiandrosterone (DHEA) in an urban-dwelling
high-risk community sample of African American
women (n = 84, age 18–44 years). Saliva samples, col-
lected across 2 consecutive days, were assayed for cor-
tisol and DHEA. Controlling for sexual violence, per-
ceived stress, education, and income, as well as crime,
traffic density, and vacant properties, we observed a

significant positive cross-sectional association between
greenness and the cortisol to DHEA ratio, (β= 7·5, 95%
CI: 0.89, 14.19). The findings highlight environmental
influence on stress response at waking when there is the
greatest individual variation. Implications for advancing
our understanding of the waking ratio of cortisol to
DHEA as a potential marker of physiological resilience
are discussed.

Keywords Resilience . Environment and public health .

Geographic information systems . Climate change .

Salivary hormones . Violence . Greenness

Introduction

Violence, in vulnerable communities, exacerbates well-
established patterns of inequity in minority health and
environments, both social and built, especially in regard
to access and quality of green space (greenness)
resulting in reduced potential for physiological resil-
ience [1]. Globally, 35% of women report physical
and/or sexual violence from an intimate partner (IPV)
[2]. In the United States of America (USA), reported
lifetime prevalence of partner and non-partner rape
among African American women (22%) was 3·2%
higher than White women (18·8%) and 7·4% higher
thanHispanic women (14·6%) [3, 4]. Rates of childhood
sexual violence (under age 18) by African American
women have been reported as high as 65%, compared
with the overall childhood sexual abuse rate of 43% in
the US [5]. Additional stressors for African American
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women come from social and built environmental in-
equality (i.e., structural racism, income inequality, crime
exposure, noise pollution, neighborhood disorder, lack
of greenness) that disproportionately impact health via
the stress response [1, 6, 7]. In this era, termed by some
theorists as the Anthropocene, changes in climate are
also predicted to increase violent crime, including sex-
ual assault and IPV, in the USS by 3% (95% CI [1·5,
5·4]) by the end of the century, based on a median
carbon dioxide (CO2) emissions trajectory [8]. In-
creases in violent crime due to climate change will
disproportinately impact the health of African American
Women.

Biological Sensitivity to Context

Two main components of the psychobiology of the
stress response are the Hypothalamic-Pituitary-Adrenal
(HPA) axis and the sympathetic branch of the autonom-
ic nervous system. Individual differences in environ-
mental sensitivities of these systems have been linked
to a variety of mental and physical health outcomes,
particularly when a stressor is experienced on a chronic
basis. Prolonged exposure to stress has the potential to
alter the structure and function of the limbic system,
including the hippocampus, which can be manifest as a
dampening of the HPA reaction to the environment [9].

The primary hormonal products of HPA activation
are the secretion of cortisol and dehydroepiandrosterone
(DHEA) from the adrenal glands into circulation. Indi-
vidual differences in cortisol levels, the waking re-
sponse, diurnal pattern of production across the day,
and the reactivity and recovery to acute stress have been
extensively studied. For instance, negative associations
between the chronicity of severe violence and the rise in
cortisol levels from waking to 30 min post-waking have
been found among women living in a domestic violence
shelter and those living with abusive partners [10].
Interestingly, DHEA has a well-established antagonist
action with cortisol, and also has neuroprotective and
anti-anxiolytic effects. Theorists speculate that individ-
ual differences in the ratio of cortisol to DHEA may be
an important index differentiating risk versus resilience,
the capacity to recover from past stress, resistance to
current stress, and rebounding to higher levels of capa-
bility [11, 12].

Only one small study to our knowledge has exam-
ined the waking ratio of cortisol and DHEA [13]. Izawa

et al. (2012) longitudinally examined waking cortisol
and DHEA among non-smoking, healthy (no psychiat-
ric or physical disease) college-aged women (n = 33,
age = 19·5, SD = 3·3) in a teaching practice training at
four time points (2 weeks prior, the first and second
week, and a few days after training). In an email from S.
Izawa (izawa0810@gmail.com) in April 2019, Dr.
Izawa reported no significant variation in mean ratios
of cortisol to DHEA over the 4 days (mean ratios [8·3,
10·7, 9·5, and 9·3]). In further email communication in
August 2020, Dr. Izawa reported for the 4 days mean
cortisol levels as 10·5 nmol/l and DHEA as 1·21 nmol/l.
One other study by Hucklebridge et al. (2004) studied
waking cortisol and DHEA in a sample of healthy
college-aged men (n = 5) and women (n = 19) sampled
from an academic community in London. This study of
young and middle-aged adults ages 18–46 (m = 24·3)
reported DHEA levels (mean = 1·37, SD = 0·25) in text;
however, they only reported cortisol levels in a graph
(approximate mean = 13·5) and did not calculate the
ratio [14].

Stress in Vulnerable Communities

Structural barriers related to race, class, and gender
reinforce poverty and can exacerbate stress in vulnerable
communities [15]. Income inequality disproportionately
affects women, particularly African American women
in the USA [16]. The mean income for African Amer-
ican females is 45% ($25,234) of the national average,
with 27% living below the federal poverty line in the
preceding 12 months [16]. Female adolescents (n = 418,
African American = 12%) living in poverty during in-
fancy (< 1 year of age) had lower waking cortisol than
those not living with poverty as infants [17]. African
American women are more likely to live with environ-
mental stress including violent crime, noise pollution
(e.g., traffic), and vacant properties of all which are
associated with alterations in cortisol response [3, 4, 6,
18, 19].

Residential Greenness and Salivary Hormones

Residential greenness is one way of conceptualizing
biologically diverse spaces supportive of individual
and community health [12]. Urban greenness is the
collective natural environment in urban areas, measured
from remote satellite through the calculation of normal-
ized difference in vegetation index (NDVI) [20]. Oslo,
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Norway, (pop = 643,293) for example is one of the
greenest cities in Europe with an NDVI of 0·436 [21].
Greenness (NDVI) measures the amount of healthy
vegetation, which has been associated with mental and
physical health [22]. African Americans are twice (esti-
mated prevalence ratio = 2.31, (95% CI 2.09, 2·55) as
likely to live on streets with no tree canopy and at least
50% impervious surfaces as non-Hispanic whites [23].
Research has also found that among (n = 52) women
living in deprived urban communities at 3 h post-wak-
ing, there were significant (p < 0·05) differences in cor-
tisol levels with low green space in their neighborhoods
(x = 4·24 nmol/l, SD = 2·03) compared those living in
communities with high green space ðx = 6·43 nmol/l,
SD = 3·5) [24]. Furthermore, in a cross-sectional urban
population based study (n = 206) an inter-quartile range
increase of greenness was associated with decreased
odds (by 54%) of having DHEA levels in the lowest
10th percentile [25]. The knowledge gap in regard to
residential greenness and salivary hormones centers on
the considerable individual differences cortisol at wak-
ing in comparison with the more stable DHEA [26].

Present Study

The way cortisol and DHEA operate together speaks to
the multi-dimensional capability of biological processes
shielding cells, tissues, and organs from stress and the
support healthy functioning [27]. Physiological
resilience—this study’s theoretical framework—is con-
ceptualized as the capability to recover from conscious,
unconscious, and cellular memories of stress, while at
the same time enduring current stress and transforming
into a stronger more flexible state [12, 28]. Thus, phys-
iological resilience involves a dynamic variation in hor-
mone levels throughout the day and the lifespan [27].
Physiological resilience is operationalized as the ratio of
cortisol to DHEA with a higher ratio signifying more
resilience at waking. Although there have only been two
small studies that have measured the waking ratio of
cortisol to DHEA, none examined African American
women at high risk of HIV. Therefore, the purpose of
this study was to evaluate the relationships between
greenness and physiological resilience among African
American women at risk for HIV, 41% of whom expe-
rienced sexual and other forms of violence, in addition
to living in a city with structural environmental and
social inequities. Our hypothesis is that women at high

risk of HIV living with higher levels of greenness will
have higher ratios of cortisol to DHEA.

Method

Study Design and Procedures

This cross-sectional study uses data from a multi-year
study of the impact of environmental and physiological
factors on the association between women’s sexual as-
sault history and HIV risk, called the ESSENCE Project
(NICHD #R01HD077891, PI: J.K. Stockman). The eth-
ical review boards of Johns Hopkins University and the
University of California San Diego approved of the
study and procedures. The ESSENCE Project recruited
310 participants at two Baltimore City Health Depart-
ment (BCHD) sexually transmitted infection clinics that
serve low-income and uninsured individuals in the west-
ern and eastern parts of Baltimore, Maryland. Female
clients of BCHDwere approached systematically with a
recruitment flyer describing the study to potential par-
ticipants. Eligibility criteria included being biologically
female, African American or Black, between the ages of
18 and 44 years (mean = 26·67, SD = 6·64), living in
Baltimore City, Maryland, and having access to a freez-
er. Eligibility further required having been in a sexual
relationship with a man in the past 6 months and
reporting one or more HIV risk factors (i.e., two or more
unprotected sex partners, or sex with a high-risk partner
defined as a male partner who uses intravenous or non-
intravenous drugs, has sex with men, has cheated on
them, has a sexually transmitted infection, was in prison
for 5+ years, or is HIV-positive).

Upon providing informed consent, participants com-
pleted a survey (60–90 min) via Audio Computer–
Assisted Self-Interview (ACASI). Then, participants
were trained by research to self-collect saliva at home,
given supplies and written instructions. Using the pas-
sive drool method, participants collected saliva for
3 days upon waking and 30-min post-waking (total of
6 samples) [29].To increase protocol adherence, partic-
ipants were provided with cell phones programmed to
receive reminder text messages. During this time, staff
provided support to participants on the saliva collection
protocol via phone or in-person. Samples were stored in
home freezers until picked up by the study team mem-
bers. Participants were compensated with $70 for com-
pleting the survey and saliva protocol.
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Participants in the Present Study

The present study examines 98 participants who were
selected because they had usable saliva samples assayed
for both DHEA and cortisol. Among them, 85% had
locatable addresses and complete survey data. General-
ly, similar to African American women in Baltimore
City in general, the sample was fairly well-educated
(high school grad or GED = 33%, started college or
vocational school = 25%, completed a 2-year program =
10%, and completed a 4-year degree or graduate school
14%). The sample had an income lower than the median
in Baltimore as 60% of participants had an income of
less than $10,000 annually.

Measures

Determination of Salivary Analytes

Samples were stored at − 80 °C until being transported
to the University of California, Irvine, for assay [10]. On
the day of the assay, all samples were thawed and
centrifuged to remove mucins. Samples were assayed
in duplicate for cortisol (μg/dl) and DHEA (pg/ml)
using commercially available immunoassay protocols
specifically designed for use with saliva without modi-
fication to the manufacturer’s recommended protocols
(Salimetrics, Carlsbad, CA). For cortisol and DHEA
respectively, the test volumes were 25 and 50 μl, lower
limit of sensitivity 0·007 μg/dl and 5·0 pg/ml, and range
of calibrators 0·007–3·0 μg/dl and 10·2–1000 pg/ml. On
average, inter- and intra-assay coefficients of variation
were less than 15% and 10%.

Cortisol and DHEA values used in the statistical
analyses were averaged across duplicates within the
day and then across days [18]. Averages were computed
across the two most adherent days—cortisol (mean =
0·48 μg/dl, [2·1, 7·4 μg/dl]) and DHEA (mean =
414·0 pg/ml, [366·1, 461·9 pg/ml]). Cortisol (0·48 μg/
dl * 27·59 = 13.2 nmol/l) and DHEA (414 pg/ml *
0·0028 = 1·2 nmol/l) were transformed into nmol/
l units to create the ratio of the two values (mean ratio =
11·9, SD = 22·4).

Greenness

Through the use of USGS website Earth Explorer, a
Landsat scene with near-infrared (NIR) and visible red

(RED) bandwidths was captured on July 16, 2016,
including Baltimore City in daytime view, with high
vegetation potential and low cloud cover, was obtained
[30]. We calculated normalized difference in vegetation
index using the formula NDVI = (NIR-RED)/(NIR +
RED) in 30 m pixels for the City of Baltimore. We took
the average of the NDVI scores within 100 m in a
circular polygon (buffer) around participants’ addresses.

Participants Characteristics

Covariates included income and education as well as
questions about experience of sexual violence, unpro-
tected sex partners, and the perceived level of stress
measured by a 10-item scale [31]. We asked the partic-
ipants regarding their experience of sexual violence both
before 18 years (sexually abused you (By sexual abuse,
we mean forcing or pressuring for sex or physically
hurting the sexual parts of your body, including touch-
ing thatmade you uncomfortable) and after age 18 years,
(Since you turned 18, has any other male done any of
the following: used threats to make you (have sex when
you did not want to; or used force (like hitting, holding
down, or using a weapon) to make you have sex?). We
treated sexual violence as a categorical variable
representing those unexposed to sexual violence (n =
57; 59%), those exposed as adults only (n = 9, 9%), and
those both as adults and children (n = 32, 33%). Those
who did not report sexual violence, by design of the
ESSENCE project, also did not report any other experi-
ences of violence.

Income was a binary variable representing those
making above (33%) and below (77%) 200% of the
US Federal Poverty Level. Addresses were imported
as a comma separated file (CSV) and geographically
coded in ArcGiS 10.4.1 [32]. Population-level data
were collected from publicly available data sets
from the US Geological Survey (USGS), the City
of Baltimore, Baltimore Neighborhood Indicators
Alliance (BNIA), and the US Environmental Protec-
tion Agency (US EPA) [30, 33–35].

Population-Level Covariates

Crime and vacant properties data were collected from
the City of Baltimore as in CSV files and geocoded at
100-m buffers [33]. Data on traffic proximity (count of
vehicles per day at major roads within 500 m) were
gathered from the Environmental Justice Screen at the
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US EPA and downloaded as polygon-shaped file at the
statistical block group for Baltimore City (n = 653) [33].
The Baltimore Neighborhood Indicators Alliance
(BNIA) was the source of community statistical area
(n = 55) data used for cluster analysis [35]. Crime, traffic
proximity, and vacant properties were adjusted for pop-
ulation at the block group, which is a statical area
representing between 600 and 3000 people.

Statistical Analysis

First, we explored characteristics of the participants
using descriptive analysis. Students’ t test was used
to examine difference between those exposed to
sexual violence and those unexposed (see Table 1).
We also created a data-embedded spatial map with
population-level data to understand the spatial dis-
tribution of the covariates, such as greenness, crime,
traffic proximity, and vacant property, in Baltimore
City.

Next, generalized linear models (GLM) with log
link and gamma distribution were implemented to
explore the association between greenness and the
cortisol to DHEA ratio while controlling for other
covariates using a robust variance. Here, log link
and gamma distribution are particularly appropriate
for our data due to the positive skewness of the
salivary hormones and the ratio of cortisol to DHEA
[36]. We developed both unadjusted models and

adjusted models by including one covariate at a time
(Table 2). However, for our final adjusted model, we
considered a saturated model, with all the covariate,
assuming it will account for all confounding effect.

While including the sexual violence in the model,
we created indicator variables for exposure to sexual
violence, separating out adult only from adult plus
childhood, with unexposed as the reference. In ad-
dition, to the participant characteristics (age, in-
come, education, sexual violence, perceived stress,
and crime) and greenness, we included several
population-level covariates to adjust the contextual
effect of the lived environment. These include
community-level factors such as vacant properties
and traffic proximity. In addition, we accounted for
the clustering effect of the data at the community
statistical area level (n = 55) by Huber–White stan-
dard errors. Multicollinearity within the GLM
models was assessed using variance inflation factors
(VIF). Due to missing data, the full model had a
sample of 84.

Results

The mean cortisol in our study was 13·163 nmol/l (95%
CI, 5·872, 20·452). The mean DHEA was 1·159 nmol/l
(95% CI, 1·025, 1.293). Community Statistical Areas in
Baltimore had average greenness measured as NDVI

Table 1 Demographic data

Variable Exposed (n = 41) Unexposed (n = 57) Total sample (n = 98)

Childhood sexual violence n = 32 (78%) n = 0 n = 32(32%)

Education: high school or less n = 30(73%) n = 37(65%) n = 67(68%)

Income < $29,999* n = 36(88%) n = 39(68%) n = 75 (77%)

Mean [95%CI] Mean [95%CI] p value Mean [95% CI]

Cortisol nmol/l 12·47 [2·79, 22.18] 13·66 [2·88, 24.44] 0·8 13·16[5·87, 20·45]

DHEA nmol/l (n =) 1·10 [0·88, 1.33] 1·2 [1·03–1·37] 0.49 1·16[1·03, 1·3]

Cortisol/DHEA 12·22 [6·22, 18·22] 11·63 [5.06, 18·21] 0.9 11·88[7·38, 16·38]

Greenness 0·11 [0·1, 0·12] 0·12 [0·11, 0·13] 0.2 0·12[0·11, 0·12]

Age* 30 [28, 32] 25 [23, 26] < .0001 27[25, 28]

Unprotected sex partners* 3·98 [2·31, 5·64] 2·45 [2·11, 2·8] 0.04 3·09 [2·37, 3·81]

Perceived Stress (n = 84) * 0·35 [0·05, 0·66] − 0·03 [− 0·62, − 0·03] 0.002 − ·051 [− 2·04, 1·86]
Traffic proximity adjusted by block group population 1·09 [0·71, 1·46] 1·13 [0·85, 1·42] 0.83 1·12 [0·89, 1·34]

Crime within 100 m adjusted by block group population 0·023 [0·02, 0·03] 0·02 [0·015, 0·02] 0.31 0·02 [0·02, 0·025]

Vacant property adjusted by block group population 0·015 = [0·01, 0·02] 0·01 [0·01, 0·02] 0.35 0·01 [0·01, 0·02]

t test to compare the participants who reported sexual violence (exposed) to those who reported none (unexposed). (* = p < .05)
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that range from 0·041 to 0·217 (see Fig. 1). We found no
significant difference (p = 0·2044) in greenness between
those exposed to sexual violence (x = 0·109, 95% CI:

0·097, 0·120) and those unexposed (x = 0·119, 95% CI:
0·108, 0·130) group (see Table 1). There were signifi-
cant (p < .05) differences between the exposed and

Table 2 Unadjusted and adjusted models

Variable Unadjusted
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9

Coef pvalue Coef pvalue Coef pvalue Coef pvalue Coef pvalue Coef pvalue Coef pvalue Coef pvalue Coef pvalue Coef pvalue

Greenness 4.72 0.26 4.72 0.33 5.50 0.26 5.73 0.24 6.70 0.14 5.97 0.12 4.95 0.14 6.98 0.04* 7.55 0.03* 7.55 0.03*

Sexual violence

(Reference unexposed)

Adult -0.11 0.88 0.01 0.97 -0.01 0.97 0.01 0.99 -0.06 0.82 -0.17 0.57 -0.21 0.41 -0.28 0.25 -0.27 0.27

Adult & Child 0.09 0.83 0.24 0.46 0.19 0.60 0.31 0.38 0.25 0.46 0.32 0.34 0.34 0.31 0.37 0.29 0.38 0.29

Unprotected sex partners 0.02 0.69 0.02 0.27 0.03 0.28 0.03 0.32 0.04 0.11 0.04 0.10 0.04 0.10 0.04 0.08*

Perceived Stress -0.06 0.69 -0.07 0.66 -0.09 0.60 -0.12 0.46 -0.10 0.52 -0.11 0.50 -0.12 0.42

Income -0.30 0.49 -0.37 0.17 -0.04 0.87 -0.06 0.79 -0.10 0.65 -0.09 0.67

Education -0.44 0.24 -0.59 0.02* -0.56 0.02* -0.57 0.02* -0.56 0.02*

Population adjusted Crime -0.24 0.98 8.76 0.16 7.06 0.26 6.11 0.43

Population adjusted vacant property -0.21 0.98 4.77 0.19 4.55 0.16

Population adjusted traffic proximity 0.00 0.99 0.03 0.79

Model 9 is the fully adjusted model of the Ratio of cortisol to DHEA (Physiological-Resilience) clustered at the community statical area. Sexual violence is a categorical variable. (n = 84) (*p < .05)

Model 9 is the fully adjusted model of the ratio of cortisol to DHEA (physiological resilience) clustered at the community statical area.
Sexual violence is a categorical variable. (n = 84) (*p < .05)

Fig. 1 Choropleth map of
Normalized Difference
Vegetation Index by Community
Statistical Area
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unexposed for age, unprotected sex partners, perceived
stress, and income. Additional, descriptive statistics of
the participants is presented in the Table 1.

When regressing greenness on the ratio of cortisol/
DHEA without any covariates, we found non-significant
positive associations (β= 4·7, SE = 4·1, p = 0·26, 95%
CI; − 3·4, 12·8). After adjusting for all covariates, green-
ness was significantly associated with the ratio of cortisol
and DHEA (β= 7·6, SE = 3·39, p = 0·03, 95% CI: 0·89,
14·2) (see Table 2).

Discussion

This study’s purpose was to examine the association be-
tween greenness and physiological resilience (operational-
ized as the ratio of cortisol to DHEA) to stress among
African American or Black women at risk for HIV, half of
whom (45%) were exposed to sexual violence. Our major
finding is that greenness of the neighborhood was posi-
tively associated with the ratio of cortisol to DHEA. We
found a mean ratio of cortisol to DHEA at waking in our
sample of older females higher than that of a younger
cohort of female college students participating in a teach-
ing practice training [13]. There are four potential expla-
nations of the higher ratio of cortisol to DHEA: we found
that (1) cortisol is elevated and DHEA is normal, (2)
cortisol is normal and DHEA is depressed, (3) cortisol is
elevated and DHEA is depressed, or (4) both cortisol and
DHEA are elevated, with cortisol at a greater magnitude.
Our samplemean for cortisol is within the standard error of
the mean from a cohort of healthy males and females from
an academic community in London [14] and close to those
of females in the first week of teaching practice [13]. Given
that the perceived stress scores were also elevated during
the first week of the teaching practice, our samples simi-
larly elevated cortisol fit given the social and built envi-
ronmental stress African American women are facing on a
daily basis [6]. The more stable hormone DHEA [26] had
a mean within the standard error of the mean of healthy
males and females from an academic community in Lon-
don [14] and closer to baseline females before a teaching
practice study [13].

In building the model, we found significance in the
relationship between greenness and the ratio of cortisol
to DHEA in model seven with the addition of crime.
Studies that have found that greenness is inversely as-
sociated with crime and aggression suggest potential
moderation or mediation of the relationships between

greenness and the ratio of cortisol to DHEA. Education
had a small yet significant negative effect in models six
through nine. None of the other studies looking at wak-
ing cortisol to DHEA looked at education as a covariate.
However, they all were in college. Depending on the
implications of the ratio of cortisol to DHEA, education
may be protective or a source of stress.

Given the dearth of literature on waking ratio of cortisol
to DHEA, especially among a group of African American
females at high risk of HIV, the implications of the rela-
tionship of the ratio of cortisol to DHEA is still unclear.
Our hypothesized positive relationship is based on the
explanation that both cortisol and DHEAwould be elevat-
ed, with cortisol in a greater magnitude. In other words,
increased greenness would support healthy waking DHEA
and robust cortisol response to anticipated stress.

The covariates used were based on the theoretical
framework [12]. The inclusion of population-adjusted
traffic proximity and vacant properties in the model
made a negligible difference in the direct effect; howev-
er, the combination of covariates help explain some of
the random error in the relationships between greenness
and resilience due to the complex interactions of the
population social and built environmental impact on the
stress response [6, 37]. Even though some of the covar-
iates are not significant, they help to explain some of the
error in the bivariate relationships. The inclusion of the
categorical variable of exposure to sexual violence,
including adult plus childhood exposure as a covariate
resulted in statistical significance of the fully adjusted
model. Furthermore, the importance of the impact of the
categorical variable regarding sexual violence, includ-
ing in childhood, is in alignment with the evidence that
adverse childhood experiences have long-lasting im-
pacts on the stress response [18].

The intersection of these factors affects the percep-
tion of green spaces, safety, and potentially the oppor-
tunity to access green spaces for potential benefits [38].
Alternative explanations are that sexual violence, traffic
proximity, vacant properties, income, education, and
greenness itself are all potential indicators of the ability
of individuals and communities to leverage influence
over their environment [39]. Nonetheless, these findings
are a foundation for a continued investigation into the
effect of residential greenness on biological markers that
may represent physiological resilience.

The study is limited by the cross-sectional data as we
are unable to see changes in salivary hormones before
and after waking, as well as changes in greenness over
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time. Despite these limitations, to our knowledge, this
study is the first to examine at the association of green-
ness using remote sensing with physiological resilience
operationalized as the ratio of cortisol to DHEA at
waking among African American women at high risk
for HIV. The study gave us a unique opportunity to
explore the ratio of cortisol to DHEA when there is the
greatest individual variation, and greenness, with the
reference data of a unique and vulnerable population.
Our finding of a positive association for the relationship
of greenness and using the waking ratio of cortisol to
DHEA as a potential operationalization of physiological
resilience is novel, though requires further investigation.

The question remains whether an increased ratio of
cortisol to DHEA is beneficial. Perhaps there may be a
curvilinear relationship with parameters of the ratio that
are optimal to health. Additional questions persist re-
garding the moderation and mediation of these complex
relationships. Future studies would benefit from the
collection of longitudinal data exploring seasonal
changes in greenness interacting with the basal diurnal
rhythms of the ratio of cortisol to DHEA. This would
further our understanding of how long-term stress and
changes in greenness impacts our physiological ability
to respond to stress. Other covariates to consider include
body mass index and, for females, start date of last
menstrual period, pregnancy, and use of medication
including oral contraceptives.

Conclusion

Increasing the modifiable factor of neighborhood green-
ness has multiple co-benefits through decreased ground
surface temperature, aggression, crime, depression, and
potentially promotion of healthy physiological response
and recovery to stress. These benefits are life- and cost-
saving and central to building the resilience potential of
individuals and communities to the increasing impacts
of climate change [19, 40, 41]. These findings provide
policy makers, health professionals, and health systems
and build our understanding of how increasing green-
ness can be a strategy to promote the health.
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