ENVIRONMENTAL
EPIDEMIOLOGY

(ISEE)

[ OPEN _

Residential proximity to green space
and preeclampsia in California

Kari A. Weber?, Evan Lyons®, Wei Yang?, Charlotte Stevenson®, David K. Stevenson?, Gary M. Shaw?

Background: \We investigated whether residing near more green space might reduce the risk of preeclampsia. \
Methods: Participants were women who delivered a live, singleton birth between 1998 and 2011 in eight counties of the San
Joaquin Valley in California. There were 7276 cases of preeclampsia divided into mild, severe, or superimposed on preexisting
hypertension. Controls were 197,345 women who did not have a hypertensive disorder and delivered between 37 and 41 weeks.
Green space was estimated from satellite data using Normalized Difference Vegetation Index (NDVI), an index calculated from surface
reflectance at the visible and near-infrared wavelengths. Values closer to 1 denote a higher density of green vegetation. Average NDVI
was calculated within a 50 m, 100 m, and 500 m buffer around each woman’s residence. Odds ratios and 95% confidence intervals
were estimated comparing the lowest and highest quartiles of mean NDVI to the interquartile range comparing each preeclampsia
phenotype, divided into early (20-31 weeks) and late (32—36 weeks) preterm birth, to full-term controls.

Results: We observed an inverse association in the 500 m buffer for women in the top quartile of NDVI and a positive association
for women in the lowest quartile of NDVI for women with superimposed preeclampsia. There were no associations in the 50 and
100 m buffers.

Conclusion: Within a 500 m buffer, more green space was inversely associated with superimposed preeclampsia. Future work

should explore the mechanism by which green space may protect against preeclampsia.
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Introduction

Residential proximity or access to green space, which can
include trees, grass or other type of vegetation, has been pos-
itively associated with various health outcomes.'? Proposed
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potential mechanisms include reduced stress, less exposure to
noise, reduction in heat, physical activity opportunities, and air
pollution abatement.® Studies of pregnancy health and offspring
outcomes have observed mixed results.*!" Few studies, however,
have examined the association of green space with preeclamp-
sia, a major cause of maternal and neonatal mortality and a
substantial contributor to preterm birth.!!3

In the United States, 3%-5% of pregnant women are diag-
nosed with preeclampsia, a hypertensive disorder of pregnancy,
traditionally defined as a combination of high blood pressure
and proteinuria after 20 weeks of pregnancy.!>!* Preeclampsia is
known to be associated with characteristic placental pathology,
but etiologies are not fully understood.”* There are few known
risk factors besides obesity, preexisting hypertension, diabetes
mellitus, and preeclampsia in a previous pregnancy.'>!S One
causal theory for preeclampsia is that abnormal placentation
produces vascular compromise resulting in placental ischemia
and oxidative stress.'® Exposure to green space as a direct effect
(e.g., decreased air pollution) or as a proximal effect (e.g.,
reduced stress or more physical activity) may be an important
factor that could potentially be modified to alter the population
burden of preeclampsia.

Using a unique geographical area in the San Joaquin Valley
of California, with a large and diverse population, we sought
to determine if residential proximity to more green space may
reduce the risk of preeclampsia.

What this study adds

Health benefits of living near green space are being discovered.
Few studies have explored such benefits for pregnancy health.
We identified a lower odds of a specific preeclampsia pheno-
type for women residing near a higher density of green space.
This work adds to the evidence of the potential benefits of green
space interventions, especially for pregnant women and the
developing fetus.
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Methods

Study population

Data were from 892,088 live births delivered in California
between 1998 and 2011 to women who resided in the eight
counties of the San Joaquin Valley (Fresno, Kern, Kings,
Madera, Merced, San Joaquin, Stanislaus, and Tulare). After
excluding births not consistent with eligibility criteria (single-
ton, 20-41 weeks gestational age, and birth weights between
500 and 5000g), there were 771,416 births. A case—control
study of preterm births in this population was performed previ-
ously."” In that study, for analytic efficiency, all 78,421 preterm
births (<37 weeks gestation) were selected along with a ran-
domly selected subset of 235,263 term births (>37 weeks ges-
tation). Maternal residential addresses for these 313,684 births
were obtained from birth certificates and geocoded using the
REST API Geocode Service at the California Department of
Public Health Information Technology Services Division. After
addresses were standardized, verified, and corrected, 295,387
maternal residences were successfully geocoded (94%).

The geocoded residences were additionally linked with
maternal and infant hospital discharge data from the Office of
Statewide Health and Planning, and linkage was successful for
293,044 records (99%). The data included maternal and infant
demographic data, as well as clinical data from the delivery for
nearly all inpatient live births in California. The linkage algo-
rithm has been validated and described previously.!®"

A subset of the case—control dataset was further used to specif-
ically investigate preeclampsia among the women who delivered
preterm.?’ That is, only women who delivered a preterm infant
and were diagnosed with preeclampsia were included as cases.
Women diagnosed with preeclampsia who delivered at term were
excluded from the study (2% of the controls). Preeclampsia was
identified from hospitalization records using the International
Classification of Diseases, 9th Revision, Clinical Modification
codes. Women were classified into three preeclampsia pheno-
types: mild preeclampsia (642.4), severe preeclampsia/eclampsia
(642.5, 642.6), and preeclampsia or eclampsia superimposed on
preexisting hypertension (642.7). Women with multiple codes for
a hypertensive disorder were reclassified to create mutually exclu-
sive groups. Women with a preexisting hypertension code (401-
405, 642.0, 642.1, 642.2, 642.9) and a preeclampsia code were
reclassified as having preeclampsia superimposed on preexisting
hypertension and those with multiple preeclampsia codes were
reclassified as having the most severe condition. Within these phe-
notypic groups, women were further stratified by gestational age
at delivery into early preterm (20-31 weeks) and late preterm
(32-36 weeks). These phenotypic subgroups were specified owing
to potential etiologic differences by severity of preeclampsia and
gestational age at delivery. Women who delivered in the study
period who did not have diabetes (gestational or preexisting), did
not have any hypertensive disorder, and who delivered between
37 and 41 weeks served as the reference population. After exclu-
sion of women missing green space or pesticide data, the final
sample included 7276 cases and 197,345 controls (Figure 1).

Green space estimation

Green space was estimated using the Normalized Difference
Vegetation Index (NDVI). NDVI is the normalized difference
between visible and near-infrared region (NIR) wavelengths
reflected by the earth’s surface and ranges from -1 to 1, with
values closer to 1 denoting a higher density of green.!

NDVI = (NIR - Red)/(NIR + Red)

We used Google Earth Engine? to create images of annual max-
imum NDVI from cloud-masked Landsat images at 30 m spatial
resolution. We used Landsat 7 Enhanced Thematic Mapper Plus
(ETM+) Collection 1 Tier 1 top of atmosphere reflectance for the
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years 2000-2002 (SLC-on) and Landsat 5§ TM Collection 1 Tier 1
top of atmosphere reflectance for all other study years, courtesy of
the US Geological Survey.?> We then calculated the average max-
imum NDVI with 30 m resolution separately for each year and
assigned values based on year of conception. Maximum NDVI was
obtained from Google Earth Engine by masking pixels obstructed
by cloud cover and using the image with peak vegetation, the
“greenest” time of that year. Participants were assigned NDVI val-
ues based on the estimated date of conception of their infant.

Using ArcGIS (ESRI, Release 10.6.1. Redlands, CA), we then
linked each birth with the corresponding file from Google Earth
Engine for the year of conception using the geocoded addresses.
For each maternal residence, average NDVI was calculated
within a 50, 100, and 500 m concentric buffer. For example,
for a woman’s home, an NDVI value would be assigned for the
greenness within a circle with a 500 m radius from it. Within
that circle, there would be two additional circles, one with a 100
m radius and one with a 50 m radius within that. There may be
different values if, for example, there was a large park or forest
further than 100 m away but within the 500 m buffer and not
much greenness very close to the woman’s home. Then the 500
m buffer NDVI may be much higher than the 50 m buffer. US
Geological Survey considers an NDVI of 0.6-0.9 to be high or
the equivalent of living in a forest at peak growth.

Statistical analysis

Distributions of maternal and infant characteristics were exam-
ined by case/control status, and cases were further divided into
preeclampsia phenotype. The range of average green space
within the three residential buffers was also determined sepa-
rately for controls and each case phenotype. For each buffer (50,
100, and 500 m), the average NDVIs were divided into quartiles
with cutoff values determined among controls. Using logistic
regression, odds ratios and 95% confidence intervals were esti-
mated comparing the lowest and highest quartiles to the inter-
quartile range and comparing the highest quartile to the lowest
quartile. Odds ratios and 95% confidence intervals were cal-
culated comparing each preeclampsia phenotype, divided into
early (20-31 weeks) and late (32-36 weeks) preterm birth, to
full-term controls. Odds ratios were also calculated combining
early and late preterm for each preeclampsia phenotype. The
average NDVI for each buffer was examined in continuous form,
with odds ratios and 95% confidence intervals representing
change in odds for one interquartile range (interquartile region)
change in density of green space, and P trends were calculated.
Finally, a sensitivity analysis was performed comparing those
residing within buffers with greater than a 0.6 average NDVI to
those with less than 0.6. Analyses were unadjusted and adjusted
for covariates determined a priori to be potential confounders.
Covariates included maternal age (years), race/ethnicity (white
non-Hispanic, US-born Hispanic, foreign-born Hispanic, black,
other), education (less than high school, high school diploma,
more than high school), parity (1, >2), insurance payer type for
the delivery (Medi-Cal, private, other), and season of concep-
tion (winter, spring, summer, fall). We used complete case analy-
sis, and women missing one of the covariates adjusted for were
excluded from analysis.

Pesticide data were available from the larger case—control
study from which this analysis derives.!” Thus, as an additional
exploratory analysis, we included these data as covariates
in some specific analyses. Briefly, pesticide data included 543
chemicals and 69 physiochemical groupings that were applied
at >100 Ib and considered potential reproductive toxicants
based on Environmental Protection Agency’s risk assessment
and California Proposition 635 list or were classified as endocrine
disruptors.?* Case and control women’s exposure was assigned
using the California Environmental Health Tracking Program
Pesticide Linkage Tool, a custom-developed Java application
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Figure 1. Sampling procedure.

(Oracle, Redwood Shores, CA), within a 500 m radius of each
residence.
For the exploratory analysis, we estimated potential modifi-  Descriptive characteristics (percentages)® of 7276 women with
cation of the association between green space and preeclampsia  Preeclampsia (cases) who delivered preterm (20-36 weeks)
by exposure to pesticides. Pesticide exposure was divided into ~ and 197,345 women (controls)* who delivered full term (37-41
0 vs. 21 for the sum of total number of chemicals based on our ~ Weeks), California, 1998-2011
previous analysis.?® Using NDVI results from the 500 m buffer, Cases by sub-phenotype
for those in the lowest 25th percentile and those in the highest
75th percentile, we stratified by any exposure to a pesticide.
All analyses were performed using SAS version 9.4 (SAS

Mild Severe  Superimposed Controls
(n=2,771) (n=3,461) (n=1,044) (n=197,345)

Institute, Cary, NC). Age ()

This study was approved by the Stanford University <20 17 17 3 14
Institutional Review Board and the California State Committee gg_gg 3471 Z 122 gg
for the Protection of Human Subjects. 20-34 18 18 %0 18

>35 14 14 28 10

Missing <0.1 0.0 0.0 <01
Results Race/ethnicity
Characteristics of cases and controls are presented in Table 1. White, non-Hispanic 29 25 25 29
Among the 7276 cases, 2771 were considered to have mild, US-horn Hispanic 34 35 33 28
3461 severe, and 1044 to have superimposed preeclampsia. Foreign-born Hispanic 23 25 19 29
Among those with preeclampsia, women were more likely to be Black, non-Hispanic 6.4 59 12 4.5
older than 35 years, and women with superimposed preeclamp- &t.he.r 7'? 8.5 11? 86
sia were more likely to be aged 30 years and older and less likely Educgtsig;]g 0 08 ' 06
to be younger than 25 years compgred Wlth controls'. Cases Less than high school 29 29 o4 33
were less hkely to l?e foreign-born Hispanic but more llkely.to High school 33 3 30 30
be US-born Hispanic or black compared to controls. Cases with More than high school 37 37 44 34
mild or severe preeclampsia were more likely to be nulliparous Missing 2.0 2.3 2.1 16
than controls and case women with superimposed preeclampsia  Parity
tended to have more education than controls. There was not 1 53 57 32 35
much variation by payer type or season of conception except =2 47 43 68 65
slightly more fall conceptions among women with superim-  Missing , 0.1 01 0.1 0.1
posed preeclampsia. Payer type for delivery

For all cases and controls, the median average NDVI was 2,":""’"03' 58 o 9 o

. . . rivate 38 39 41 40
roughly 0.3 for all buffer sizes. As shown in Table 2, minimum Other 30 49 35 39
NDVIs ranged from 0.04 to 0.1, with the 25th percentile value Missing 03 0.2 02 0.2
of about 0.25 for each case phenotypic group as well as for  sgason of conception
controls. In the 50th and 75th percentiles, there was more vari- Winter (Dec—Feh) 24 25 24 2%
ation. Among each 50, 100, or 500 m buffer, controls had a Spring (March-May) 26 24 25 25
higher average NDVI than did cases (Table 2). Among controls, Summer (June-Aug) 25 26 22 24
average NDVIs within the 50 and 100 m buffers were strongly Fall (Sep—Nov) 25 25 29 25

correlated (r = 0.9) and average NDVIs within 100 and 500 m  spgrcentages may not equal 100 oviing to rounding.
were moderately correlated (1‘= 0-7) as well as 50 and 500 m *Defined as women who delivered in the study period who did not have diabetes (gestational or
(r = 0.6; results not shOWn). preexisting), did not have any hypertensive disorder, and delivered between 37 and 41 weeks.
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Association between average NDVI within the 50, 100, and
500 m buffers and each preeclampsia phenotype is presented
in Table 3. Odds ratios for unadjusted models (Model 1), those
adjusted for season of conception (Model 2), and those addi-
tionally adjusted for maternal age, race/ethnicity, education,
parity, and payer source for care (Model 3) were similar, thus
only results from Model 3 were presented to include all a priori
confounders. Overall, associations for the 50 and 100 m buffers
were essentially null when comparing lowest or highest quar-
tiles to the interquartile range and comparing the lowest to the
highest quartiles. There were also no significant trends though
the trend for the late preterm superimposed cases approached
significance. We did observe associations in the 500 m buffer for
cases with superimposed preeclampsia and for late preterm mild
and severe preeclampsia cases. For superimposed preeclampsia,
we observed an inverse association for early preterm births for
women in the top 75% of NDVI compared to the middle 50%
as well and for later preterm births for women with mild and
severe preeclampsia. When comparing the highest to the low-
est quartile, we observed similar associations and significant P
trends for the later preterm births for all phenotypes and early
preterm births for superimposed preeclampsia. When compar-
ing women living in a buffer with an NDVI greater than 0.6 to
less than 0.6, there were lower odds of both severe and super-
imposed preeclampsia in all , though the results only reached
significance for severe preeclampsia in the 500 m buffer and
superimposed in the 100 m buffer (results not show). When
combining early and late preterm births comparing the lowest
to the highest quartile of NDVI, patterns were similar with slight
inverse associations for all phenotypes and significant trends for
all phenotypes in the 500 m buffer (results not shown).

We investigated whether residential proximity characterized
by pesticide exposures altered the observed green space results.
Supplemental Table 1 (http://links.lww.com/EE/A108) presents
adjusted odds ratios for preeclampsia phenotypes and average
NDVI in a 500 m buffer around a woman’s residence by expo-
sure to any chemical group of pesticide. For women exposed
to more chemicals, there were somewhat higher odds of mild
preeclampsia and early preterm birth. The protective pattern of
green space for superimposed preeclampsia and early preterm
birth also remained, regardless of the presence of pesticides.
Overall, we did not observe many differences in the associations
between green space and preeclampsia by differences in expo-
sure to pesticides.

Environmental Epidemiology

Discussion

For green space within a 500 m buffer, as hypothesized, we
observed an inverse association for superimposed preeclamp-
sia and slight inverse associations for the mild and severe phe-
notypes. That is, having a higher percentage of green space
surrounding their residences was inversely associated with pre-
eclampsia. We did not observe these associations within smaller
buffers and only modest associations for milder forms for pre-
eclampsia, which may indicate the relevant mechanisms. We did
observe potential effect modification of the association between
pesticide exposure and mild preeclampsia by the amount of sur-
rounding green space in the direction we expected, that is, odds
were higher for those exposed to lower amounts of green space.

A previous study of green space and preeclampsia did not
observe an association.!® However, that study combined all
potentially heterogeneous preeclampsia phenotypes as a sin-
gle outcome—here we observed the strongest associations
among the superimposed preeclampsia phenotype. Given that
our results may be driven by preexisting hypertension in the
superimposed cases, it is possible that the underlying connec-
tion could be an association with blood pressure. Studies have
examined the relationship between green space and blood pres-
sure with conflicting results, although a meta-analysis reported
an inverse association between green space and diastolic blood
pressure.!

We did observe slightly different results for different buffer
sizes. The proportion of green space in various buffers would
seem to measure different aspects of what could be posited as
different mechanisms. For example, the 500 m buffer was based
on a previous study that observed a median walking time of
37 minutes/day and found pregnant women to walk roughly 4
km/hour.? A review of green space and physical activity stud-
ies found that buffer sizes between 500 and 1999 m were the
best predictors of physical health based on being able to cover
2000 m walking at a moderate pace for 20 minutes.?® This
would suggest that larger buffers are better measures for the
effects of physical activity, and this may point to a potential
explanation for the observed association here. Studies have also
observed health effects within smaller buffers as well, but with
different measures of green space. One study observed a reduc-
tion in small-for-gestational age infants with an increase in tree
canopy within a 50 m buffer.?” Using tree canopy as a measure
may point to possible mechanisms like heat or noise abatement.
While we did not observe significant associations in our study,
it is possible that other measures of green space beyond NDVI,
such as tree canopy or proximity to specific land use or ameni-
ties like parks, may offer different results and warrants further
research. An additional consideration is that overlapping buffers

Distribution of average NDVI among women with each preeclampsia phenotype and controls, by buffer distance surrounding

participant residences, California, 1998-2011

Buffer (m) Minimum 25th Percentile 50th Percentile 75th Percentile Maximum

Cases
Superimposed 50 0.07 0.24 0.29 0.35 0.84
100 0.08 0.25 0.30 0.35 0.64
500 0.10 0.27 0.32 0.37 0.74
Severe 50 0.06 0.24 0.30 0.35 0.97
100 0.08 0.26 0.30 0.36 0.77
500 0.08 0.28 0.32 0.38 0.75
Mild 50 0.04 0.25 0.30 0.35 0.87
100 0.05 0.26 0.30 0.36 0.73
500 0.09 0.28 0.32 0.38 0.74
Controls 50 0.04 0.25 0.30 0.35 0.99
100 0.05 0.26 0.31 0.36 0.85
500 0.08 0.28 0.33 0.39 0.80

NDVI, normalized difference vegetation index.
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Adjusted?® odds ratios and 95% confidence intervals for the association between density of green space (average NDVI) within 50,
100, and 500 m buffers surrounding participant residences and preeclampsia phenotypes, California, 1998-2011

Mild (20-31 Mild (32-36 Severe (20-31 Severe (32-36 Superimposed (20-31 Superimposed (32-36
weeks) (n=190) weeks) (n=2512) weeks) (n=792) weeks) (n = 2576) weeks) (n = 257) weeks) (n = 759)

50 m buffer OR (95% ClI) OR (95% ClI) OR (95% Cl) OR (95% ClI) OR (95% ClI) OR (95% Cl)
<0.25 1.0(0.72,1.5) 1.0(0.91,1.1) 0.94(0.79,1.1) 1.0 (0.94,1.1) 0.93(0.69, 1.3) 1.1(091,1.3
0.25-<0.35 Reference Reference Reference Reference Reference Reference
>0.35 1.1(0.79,1.6) 0.92 (0.83,1.0) 0.85(0.72,1.0) 0.94 (0.85,1.0) 0.90(0.67,1.2) 0.89 (0.74,1.1)
>75% vs. <25% 1.1(0.73,1.6) 0.91(0.82,1.0) 0.91(0.74,1.1) 0.91(0.82,1.0) 0.97 (0.68, 1.4) 0.83(0.67,1.0)
Continuous, 1 IQR® 0.98 (0.84,1.1) 0.98 (0.94,1.0) 0.96 (0.89, 1.0) 0.98 (0.94,1.0) 0.97 (0.85,1.1) 0.93(0.86, 1.0)
Ptrend 0.8 0.3 0.4 0.3 0.7 0.07

100 m buffer
<0.26 0.89(0.62,1.3) 1.0(0.94,1.1) 1.0(0.86,1.2) 0.97 (0.88,1.1) 1.0(0.78,1.4) 1.08 (0.91,1.3)
0.26-<0.36 Reference Reference Reference Reference Reference Reference
>0.36 0.95(0.67,1.4) 0.94 (0.85,1.0) 1.00(0.84,1.2) 0.95(0.86, 1.0) 0.84 (0.61,1.2) 0.97 (0.81,1.2)
(>75% vs. <25%) 1.1(0.71,1.6) 0.90(0.81,1.0) 0.98 (0.80, 1.2) 0.98 (0.88,1.1) 0.81(0.57,1.2) 0.90 (0.73,1.1)
Continuous, 1 1QR° 0.99(0.85,1.2) 0.96 (0.92,1.0) 0.98(0.90, 1.1) 0.97(0.93,1.0) 0.89(0.77,1.0) 0.93(0.85,1.0)
Ptrend 0.9 0.1 0.6 0.2 0.1 0.06

500 m buffer
<0.28 0.98 (0.69, 1.4) 1.1(0.98,1.2) 1.0(0.86,1.2) 1.0(0.92,1.1) 0.83(0.62,1.1) 1.4(1.2,1.6)
0.28-<0.39 Reference Reference Reference Reference Reference Reference
>0.39 1.0(0.71,1.4) 0.90(0.82,1.0) 0.91(0.76,1.1) 0.91(0.83,1.0) 0.48 (0.33,0.69) 1.0(0.85,1.2)
(>75% vs. <25%) 1.0 (0.69, 1.6) 0.84 (0.75,0.94) 0.89 (0.73,1.1) 0.90(0.81,1.0) 0.58 (0.38, 0.88) 0.74 (0.61, 0.90)
Continuous, 1 1QR ® 0.99(0.83,1.2) 0.94 (0.90, 0.99) 0.93(0.86, 1.0) 0.93(0.89,0.98) 0.81(0.69, 0.95) 0.86 (0.78,0.94)
Ptrend 0.9 0.01 0.1 0.003 0.01 0.0009

Cl, confidence interval; NDVI, normalized difference vegetation index; OR, odds ratio.

Adjusted for maternal age (years), race/ethnicity (non-Hispanic White, US-born Hispanic, foreign-born Hispanic, non-Hispanic Black, other), education (less than high school, high school, more than high
school), parity 1, and >2, payer source for care (Medi-Cal, private, other), season of conception (Winter, Spring, Summer, Fall).

"ORs represent change in odds for a 1-IQR change in density of green space.

cannot be directly compared since they are not mutually exclu-
sive,?® and if the purpose of future work is to examine associ-
ations comparing different buffers, nested analyses would need
to be undertaken.

We also performed an exploratory analysis building upon
our investigation for risks of preeclampsia phenotypes with
residential pesticide exposure.?’ Our previous analyses, over-
all, did not reveal positive associations. We did observe some
enigmatic inverse associations with greater exposure to pesti-
cides, especially among cases with superimposed preeclampsia.
We hypothesized that this may have been due to unobserved
fetal loss or “depletion of susceptibles,” meaning that fetuses
exposed to the highest levels of harmful substances may be mis-
carried before they are able to be born preterm. In this project,
we explored the possibility that a previously unmeasured factor
may alternatively explain those results, that is, residential prox-
imity to green space. Our results did not explain the seemingly
protective nature of pesticides because where a protective asso-
ciation was observed, it did not differ by pesticide exposure.
However, these results should be interpreted with caution given
the small numbers in many cells.

This study was performed in a very large and diverse popula-
tion in California. The eight counties in the San Joaquin Valley
encompass a variety of terrains including many rural and urban
areas of varying socioeconomic status. Additionally, we were able
to link many of the abundant registry resources in California with
our green space measurements. Despite our large sample size,
many of our outcomes are very rare, and thus we were unable
to calculate some of our results, specifically in our exploratory
analysis. Much of our data were from satellites and registries
where spatial extrapolation was necessary to determine exposure
indirectly. Additionally, depending on the proposed mechanism of
green space benefit, we cannot determine direct exposure or utili-
zation of green space, just proximity. For example, physical activ-
ity benefits of a park only exist if one uses the park for exercise.
However, for these beginning stages of research into the potential
effects of green space on preeclampsia, our work can generate

hypotheses into the potential mechanisms by which green space
may alter the population burden of preeclampsia.

The United Nations estimates that 68% of the world’s pop-
ulation will live in an urban setting by the year 2050, a sharp
increase since 1950 when just 30% was urban.?® While our pop-
ulation resided in both urban and rural settings, in the rapidly
changing landscape of human life, it is necessary to evaluate the
health impacts of various aspects of the modern natural and
built environments people currently occupy. According to The
Trust for Public Land, a US-based nonprofit organization, 100
million Americans do not have a green space within a 10-minute
walk from home.?” However, even within dense urban environ-
ments, creative solutions are arising from collaboration between
cities, nonprofits, and health advocates. For example, in 2015,
the City of Chicago completed a collaborative project called
“The 606,” which converted three miles of unused rail line into
a greenway with attached parks and trails. With more precise
data on the nature of the relationship between green space and
preeclampsia, future urban green space projects could take these
data and parameters into account. In this changing landscape,
pregnant women and their developing fetuses are a particularly
vulnerable population that deserves attention. Future work in
this area should be multidisciplinary and expand to different
types of green space, different terrains and climates, and addi-
tional methods to determine the mechanism of green space that
may protect against preeclampsia.
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