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Half meter natural color aerial imagery with taxlot polygons
and centroids around which buffers were calulated.

150
O .
Meters

Tree canopy layer extracted from classification of aerial imagery
with 50 meter buffers around taxlot polygon centroids. Green is
tree canopy and tan is non-canopy.

Source: Portland Metro Regional Government Regional Land Information
System (RLIS), City of Portland Bureau of Planning and Sustainability.
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ARTICLE INFO ABSTRACT

Article story: Green spaces have been suggested to improve physical and mental health and well-being by increasing
Recehved 6 April 2011 p!ysn! xnvly m&xmg air pallution, noise, and ambient =mperature, inceasing social ntacts and
Accegied 4 )ay 2011 5 Py d stress. Although these mechanisms also suggest potential beneficial effects of
Aralble awlue xax yunqnoemmqmwmamauhmde@uweumudbkepdmwdwdmmm
= impact. We investigated the effects of sur and p y to major green spaces on birth
Green space wa;maldge!nmalayu&hvuynﬂdm’hﬂﬁrdmdsmpmnfﬂ)mm
landzat relationships. This !udywnbaﬂmamlnndmhs()l—nﬁ)uuomdma major university
Pregnancy haspital in Barcelona, Spain, during 2001-2005 We d from satellie
Birth weght ra!mkadlewd)hmnhadmVWnlrlla(PDVl)maWho“Mmmmdaxh
Gestational age 1 place of resid To address praxi u:nnp spaces, 2 binay variable was wed to
Socoemnomic posizon hddgmw identi. d&enis' ithi lhledS(Dmfmhmndn’udamp
ml’wuch of green exp linu: maodels were constructed to estimate
dmlgm fjusted for i g individual and xea level SEP. None of the
of green was ‘mmwylmdmdagﬂulmm;dk{
Mﬁmnhndmmekvddmdmmhuﬁmmuembmhwe@u (grams)
among the lowest education level group (N= 164) who had higher ding NDVI (Regr coeflicient
(95% confidence interval (C1) of 4363 (431, 8245)) or lived clase to a major yeen space (Regression
coeflicient (95X 1)) of 189.8 (239, 3557) ) Our findings suggest 3 beneficial effect of exposure to green

spaces on birth weight only in the lowest SEP group.
© 2011 Blsevier L. All rights reserved.
1. Introduction particularly in the context of predicted future changes in climate

About half of the global population now lives in cities and it is
estimated that by 2(80 three of every five persons will live in urban
areas (Fuller and Gaston, 2009; Smith and Guarnizo, 2009).
Urbanization has led more people to live in less green envir

(Marmot, 2010).

Although the underying mechanisms of the effects of green spaces
on health are not fully understood, increasing physical activity,
enhandrg social contacts, improving psychophysiological stress and

jon, reducing noise and air pallution levels, and regulating

(Fuller and Gaston, 2009; Tzoulas et al., 2007). Green spaces have
been suggested to improve both perceived and objective physical and
mental health and well-being (Bowler et al, 2010), reduce the
income-related inequality inhealth (Mitchell and Fopham,2008), and
be a major component of sustainability of urban environments,

Themasc Mapper Plus; NDVL, Nommalized
Mtuxevmm SEP, SOC0SCONOMIC POsISon.

k, Dr. Aguader,
nmmmspxud. +3493 214 7317, x: 6-34!331609&
Eamadl addes: pdadvand@crealeat (P Dadvand).

0160-4120/ - see front marer © 20011 Esewier Lxd All sights resened.
Goi:10.10%/ jenvint 201107004

mk:mdimanes (Le. moderating ambient temperature and urban heat
island effects) have been suggested tobe involved (Bowleretal, 2010
Gill et al, 2007; Greenspace Scofland, 2008; Health Council of The
Netherlands, 2004; Lee and Maheswaran, 2011; Maas et al, 2009a,
2009b; Nowak et al, 2006; Whitford et al, 2001). Through these
mechanisms, green spaces would also be able to affect pregnancy
outcomes. For example, green spaces increase physical activity and
maoderate physicaladivity during pregnancy is re ported to be associated
with better maternal mental health (Poudevigne and Oconnor, 2006)
and lower risk of adverse pregnancy outcomes like low birth weight and
pre-eclampsia (Both et al, 2010; Hegaard et al, 2007). Matemal




Health & Place 24(2013) 190- 85

EI.SEVIER

Contents lists available at | http://dx.doi.org/10.1016/j.healthplace.2013.09.016

Health & Place

journal homepage: www . elsevier.com/locate/healthplace

Short Report

Green spaces and pregnancy outcomes in Southern California

@ CrossMark

Olivier Laurent®, Jun Wu**, Lianfa Li®, Cristina Milesi "
* Program in Public Helth, Antater Instruction & Research Bldg (AIRS) 652 East Pelizson Drive University of California, Inine,

CA 92697. 2957, United States
i of Scimer and Envi

@A 9«125 United Stats

Policy, California State Unhersity Monterey Bay/NASA Ames Research Center, Maoffett Feld,

ARTICLE INFO

ABSTRACT

Article history:

Received 10 june 2013

Received in revised form

25 September 2013

Accepied 25 September 2013
Available online 9 October 2013

Keywords:
Green space
Greenness
Prematum birth
Birth weight

Little s known about the impacts of green spaces on pregnancy outcomes. The relationship between
green space exposure and preeclampsia has never been studied. We used a hospital-based perinatal
database including more than 80,000 births to study the relationships b = X and
three pregnancy outcomes: birth weight in term born infants preterm deliveries and preeclampsia
Greenness was characierized using the nomalized difference vegetation index (NDVI) within circular
buffers surrounding matemal homes. Analyses were conducted using lized estimating X

d) d for ders We oby d an increase in birth weight in term born infants and a
mduced risk of preterm births assoclated with an increase in NDVL No significant association was
abserved between greenness and preeclampsia Thisstudy provides modest support for beneficial effects
of greenness exposure on pregnancy outcomes and calls for confirmation in other study settings

Presclampsia

© 2013 Eksevier Ltd. All rights reserved.

1. Introduction

In a context of rapid urbanization at the glohal scale, there is
growing interest in the relationships between green spaces and
health (Bowler et al., 2010; Lee and Maheswaran, 2011; Maas et al,
2009). Greenness exposure has been assodated with reductionsin
risks of various health outcomes, induding self-perceived health
(Maas et al, 2006; Mitchell and Popham, 2007), blood pressure
(Agyemang etal., 2007) and mortality (Villeneuve etal., 2012). The
causal nature of these associations is not established to date
(Bowder et al., 2010; Lee and Maheswaran, 2011 ) and the biological
mechanisms potentially in play are not clear, but possible pathways
include reduction of exposure to noise, air pollution (Dadvand et al,,
2012b) and urban heat (jenerette et al, 2011), as well as stress relief
(Fan et al, 2011; van den Berg et al, 2010). Such an array of
modifications might also be bmeﬁud to pregnancy outcomes.

So far, the relationshi gr and preg y
outcomes have been |nvesugated in only three studies (Dadvand
et al, 2012a 2012c; Donovan et al., 2011). All reported increasesin
birth weight associated with exposure to greenness, and no
association with the length of gestation (Dadvand et al., 2012a;
2012¢; Donovan et al,, 2011). These pioneering findings from studies
of 2000 to 8000 subjects need confirmation, ideally from larger
studies. No study has examined the relation between greenness and
preecdlampsia so far, although exposure to green spaces has been

* (orrespanding author. Tel: 4+ 19498240548; fax: +1 949 824 0529
E-mail addresees: oaurent@uciadu (0. Laurent), junwuud.edu (). Wu),
linGl@uciedu (L L), aistinamilesi-1@naa gov (C Milesi)

1353.8292/S - see frant matter © 2013 Elsevier Led. All rights reserved.
http: [fdx doiorg/ 101016 j healthplace 2013.09.016

assodated with decreases in blood pressure (Agyemang et al.,
2007) and chronic hypertension is a risk factor for preeclampsa
(Hutcheon et al, 2011).

This study examines the relation between greenness exposure
and three pregnancy outcomes: birth weight, preterm deliveries
and preeclampsia.

2. Methods

Neonatal records from 1997 to 2006 were extracted from a
perinatal research database constituted by a network of four
haospitals located in Los Angeles and Orange counties, in Califomia,
United States (Wu etal,, 2009). Residential addresses of mothers at
delivery were geocoded with a 93% success rate. Subjects missing
important covariate information used in previous studies were
excluded (12%) (Wu et al, 2009), as were multiple pregnandes
(5%), leaving 81,186 subjects for analysis.

The nomalized difference vegetation index (NDVI) (Tucker, 1979)
was used to characterize greenness exposure (Dadvand et al, 2012c;
Villeneuwve et al, 2012). NDVI is the ratio of the difference between
the near-infrared region and red reflectance to the sum of these two
measures, calculated as follows:

NDVI= (band 4-band 3)/(band 4+ band 3)

where band 4 and band 3 are the surface reflectances acquired by the
near infrared and red bands, respectively, of Landsat sensors. We
used a set of mostly doud-free Landsat scenes from the Global Land
Survey 2005 (GLS, United States Geological Survey) dataset covering
Southern Galifornia The GLS 2005 consists of orthorectified Landsat
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Aim: We investigated the association between surounding greenness at the mother's residential address
at the time of delivery and birth weight in two German birth cohorts and explored potential underying
hypotheses.
Methods: Complete dataon 3203 newborns, recruited in Munich between 1996 and 1999, were available.
Surrounding greenness was defined using the mean of the Normalized Difference Vegetation Index
which was derived from Landsat 5 TM satellite images
Resuls: An interquartile increase of surrounding greenness in a 500-m buffer was assoclated with an
average birth weight increase of 176 g (5% C1=05 to 34.6). The effect strengthened after individual
adjustment for NO,, PM2.5, distance to major road and population density. The strongest association was
found for mothers with less than 10 years of school education. The results remained robust when
additionally adjusted for noise or maternal stress during pregnancy. Neighbourhood green spaces were
not associated with birth weight
Conclusions: Surrounding greenness at the birth address was positively associated with birth weight in
two birth coborts in Munich. The mechanisms driving this association remain unclear and warmrant
further investigation.

©2013 Elsevier Ltd. Al rights reserved.

1. Introduction

interchangeably in previous studies (Dadvand et al, 2012a, b),
these same hypotheses could apply.

Positive assodations b

and birth We aimed to assess the assodation between surrounding green-

g
outcomes have been observed in three recent studies (Dadvand
et al, 2012a, b; Donovan et al., 2011 ). The underlying mechanisms
behind these associations are unclear. It has been hypothesised
that higher surmunding greenness may increase physical activity
and promote social interaction among pregnant women, as well as
reduce their psychological stress and depression Furthermore,
areas with higher surrounding greenness are suspected of having
lower air pollution and noise levels and may moderate ambient
temp If one surrounding greenness is a surrogate
from neighbourhood green spaces and these have been used

* Carresponding author Tel: <4989 3187 4150,
E-mail address: heinrich@helmholtz-muenchende (). Heinrich)

135382928 - see front matter © 2013 Elsevier Ltd All rights reserwed.
http: [[dxdaiorg/10.1016/j healthplace 201312001

ness at the mother’s resdential address at the time of delivery and the
birth weight of newboms We also explored potential underlying
hypotheses for this assodation. Furthermore, in order to determine
whether greenness may be acting as a surrogate for green spaces, we
i i d whett ighbourhood green spaces are also assodated

with birth weight.

2. Materials and methods
21. Study population

The analyses were based on data collected within two ongoing
German birth cohorts: the “German Infant Study on the Influence
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derived Normalized Difference Vegetation Index (NDVI) within 100 m ofnudy participants’
homes] and birth outcomes in a cohort of 64,705 singleton births (from 1999—2002)an.

100 m of residences was not associated with
birth weight or gestational age in the entire
cohort: but in the group with the lowest
educational attainment, increasing preen-
ness was associated with higher birth weight
(Dadvand et al. 2012a). Finally, for 3,203
births in Munich, Germany, between 1996
and 1999, an IQR increase in greenness
within 500 m of residences was associated
with a 17.6-g (95% CI: 0.5, 34.6) higher
mean birth weight (Markevych et al. 2014).

Bli(uhColmnbu.Gna&.W:lh luated after adjusting for spatialk 1 Gi !h 7 id nd
buils tal £ b A, birth iy £ exp wlll’_ [y wen IS sugges ive evidence al e
lndmue.naﬂbmboodwnluﬂﬂy.uddnmmdumpuk large p b“rden“' "'Kmm
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(0.1 in residential NDVI) was associated with
hgbgrmmhr&wngh(ZOG;%%Cl 16.5, 24.7) and decreases in the likelihood of small

for gestational age, very preterm (< 30 weeks), and moderately preterm (30-36 weeks) birth.
Assodations robust to for air pollution and noise exp ighborhood walk-

ability, and park proximity.
Cmcumousu' d residential

s was ’with' "'birdl in this
wmmwanu.wm pathway (r-:m, P-rd»

)

the robustness of the association between
greenness and pregnancy outcomes and the
specific pathways through which potential
effects may operate. In particular, there is
a need to distinguish the effect of residen-
tial greenness from other spatially correlated
built-environment factors. Here we define

Crramion: Hystad P, Davies HW, Frank L, Van Loon 18 Gchnng U. Tmbunc L, Bnlnr M.
the

2014. Residential greenness and birth

lated buil factors. E
org/10.1289/chp.1308049

Introduction
More than half of the world's population
now live in urban environments, and it has

corre-

Health Perspect 122: 1095—"02. hetp://dx.doi.

birth and low birth wenght. are |mportant

been estimated that by 2050 this b
will grow to 60% (approximately 6.4 billion
people) (World Health Organization 2013).
A diverse range of characteristics associated
with living in urban environments—ranging
from environmental hazards to social support
to health care services—are important
to health (Vlahov et al. 2007). Recently, a
growing body of evidence has linked exposure
to urban greenness (also referred to as green
or natural envil ) with
of health, including mortality (Donovan et al.
2013; Mitchell and Popham 2008: Takano
et al. 2002; Villeneuve et al. 2012), respi-
ratory illness (Villeneuve et al. 2012), well-
being (Groenewegen et al. 2006; Lafortezza
et al. 2009: Maas et al. 2006), and mental
health (Sugiyama et al. 2008; Van den Berg
etal. 2010; Ward Thompson et al. 2012).
Only a few studies have examined asoaz
tions b exposure to residential green-
ness during pregnancy and birth outcomes.
Adverse birth outcomes, such as preterm

not only b of their i
on infant health but also because of the
b health and devel | conse-

quences through the individual's life course
(Blumenshine et al. 2010). In Portland,
Oregon, a study of 5,295 births observed that
a 10% increase in tree-canopy cover within
50 m of a residence was associated with a
significant decrease in small for pestational
age (SGA) births [odds ratio (OR) = 0.85:
95% CI: 0.76, 0.94], with no association
observed for preterm births (Donovan et al.
2011). A study of 2,393 births from four
Spanish cohorts observed similar relationships
(Dadvand et al. 2012¢). An interquartile

built environment as urban design, land
use, and the transportation system, encom-
passing patterns of human activity within the
physical environment (Handy et al. 2002).
There are four general pathways by which
we hypothesize greenness may influence
birth outcomes 1) through the reduction
of harmful env such as
air and noise pollution (e.g., »., Dadvand et al.
2012b); 2) by providing space for increased
utilitarian and recreational physical activity
(e.g., Supiyama et al. 2008); 3) by providing
a setting for psychosocial influences, such
as increased social contacts and commu-
nity belonging (e.g., Fan et al. 2011); and
4) through directly reducing psychological
stress and depression (e.g., Ward Th
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[assessed using satellite-based Nmmahzed
Difference Vegetation index (NDVI)] within
500 m of residences was associated with an
increase in birth weight of 44.2 g (95% ClI:
20.2, 68.2) and an increase in head dircum-
ference of 1.7 mm (95% CI: 0.5, 2.9). No
associations were observed with of
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gestational age. In another cohort of 8,246
births in Barcelona, Spain, NDVI within
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