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Abstract: Recent research in environmental epidemiology has attempted to estimate the effects
of exposure to nature, often operationalized as vegetation, on health. Although many analyses
have focused on vegetation or greenness with regard to physical activity and weight status,
an incipient area of interest concerns maternal health and birth outcomes. This paper reviews
14 studies that examined the association between greenness and maternal or infant health. Most
studies were cross-sectional and conducted in birth cohorts. Several studies found evidence for
positive associations between greenness and birth weight and maternal peripartum depression.
Few studies found evidence for an association between greenness and gestational age or other
birth outcomes, or between greenness and preeclampsia or gestational diabetes. Several assessed
effect modification by individual or area-level socioeconomic status and found that effects
were stronger among those of lower socioeconomic status. Few studies conducted mediation
analyses of any kind. Future research should include more diverse birth outcomes and focus on
maternal health (especially mental health) and capitalize on richer exposure information during
pregnancy rather than cross-sectional assessment at birth.

Keywords: greenness, green space, birth outcomes, prenatal health, infant health

Introduction

In recent years, environmental epidemiologists have turned their attention to the
potential health effects of exposure to nature. Exposure to nature is thought to affect
health in several ways. Natural environments may promote health by providing oppor-
tunities for routine and recreational physical activity.! They may have a therapeutic
effect on mental health.? They may facilitate social interactions and social cohesion,
demonstrated to provide benefits to health.’ Vegetation may also lower harmful expo-
sures, for example, by filtering air pollution,* buffering noise,’ or alleviating thermal
discomfort.® In concert, these effects could help produce healthier pregnancies and
better birth outcomes.

In scientific analyses, exposure to nature is often conceptualized as exposure to
vegetation, hence the development of a literature concerned with greenness or green
space. So far, studies have provided some evidence for a positive association between
greenness exposure and physical activity, weight, heart disease, mental health, and
developmental outcomes, among others.? Some of these topics have received greater
attention than others, and the evidence on a relationship between greenness and
maternal health and birth outcomes is still developing. Researchers continue to attempt
to isolate the effects of nature from socioeconomic status and to disentangle it from
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other constructs related to the contextual environment, such
as walkability, perceived safety, access to destinations, and
more. This paper reviews the evidence to date on greenness
and maternal health and birth outcomes and suggests future
research directions.

Methods

MEDLINE (PubMed) and Embase were searched for rel-
evant studies, with the final search for inclusion conducted
on September 30, 2016. Titles and abstracts were searched
for two groups of terms: 1) exposure: “greenness” or “green
space” and 2) outcome: “birth outcomes”, “preterm birth”,
“premature birth”, “low birth weight (LBW)”, “intrauterine

EEINT3

growth retardation”, “small for gestational age (SGA)”,

LRI EEINT3

“pregnancy outcomes”, “maternal outcomes”, “reproductive

CEINT3

outcomes”,

ERINT3

preeclampsia”,

EERNA3

gestational diabetes”, “sponta-

EEINNT3

neous abortion”,

EEINT3

pregnancy loss”, “maternal depression”,
“postpartum depression”, or “peripartum depression”. The
search was further limited to studies in humans and those
available in English.

Identified titles and abstracts were screened for relevance.
The study included articles that presented original research
including primary data analysis such as cross-sectional,
cohort, or ecological studies and reported at least one measure
of association for exposure to greenness or green space and
one or more of the outcomes of interest. Articles without
original data, such as reviews or commentaries, articles that
presented greenness as part of a composite exposure rather
than independently, and articles that did not report on out-
comes of interest were excluded. All articles were screened
by one reviewer and any questions about article inclusion
were resolved through discussion among the authors. In
addition, this study reviewed the reference lists of included
reviews and other relevant publications for studies that were
not identified in the searches. After the initial screening
of titles and abstracts full texts were further reviewed for
relevance, applying the same inclusion criteria. Data were
extracted on the first author and publication year, study
population (including country, population size, and year[s]
of enrollment), study design, exposure, outcome(s), whether
the study assessed effect measure modification or mediation,
and the main findings. All articles were abstracted by one
reviewer and checked by another.

Results

After duplicates were removed, the initial search yielded
16 articles. Of these, three were excluded — two based on
study design (one review and one commentary) and one for

lack of a relevant outcome. One study was further excluded
while reviewing full texts for lacking an exposure measure
of interest, and two additional articles were identified from
publication reference lists. Details of the search are presented
in Figure 1.

Ultimately 14 relevant articles were identified. Table 1
presents an overview of the included studies. The studies on
this topic dealt with a defined set of outcomes, including birth
weight, gestational age, preterm birth, head circumference
and infant mortality, and among mothers, gestational diabe-
tes, preeclampsia, and peripartum depression. Most studies
took advantage of birth cohort data in analyzing associations
between maternal address and maternal and infant health;
however, most of these studies were cross-sectional, defining
exposure based on residence at the time of birth, and were
unable to explore how long the exposure had been present,
if at all, before the outcome occurred. Many studies, but not
all, were able to adjust for maternal age, smoking and alcohol
use, and individual or area socioeconomic status.

Exposure metrics

To assess greenness or green space exposure, researchers
generally used one or both of two strategies. The first, the
predominant greenness exposure metric, involved character-
izing vegetative density around participants’ home addresses
or within an administrative unit (eg, Census tract) using
remotely sensed greenness information. These data came
from vegetation indices, predominantly the Normalized Dif-
ference Vegetation Index (NDVI). Such vegetation indices,
derived from satellite imagery, measure the light reflected
and absorbed from the earth’s surface during photosynthesis,
arriving at an estimate of vegetative density. This information
can be used to characterize greenness at varying spatial and
temporal scales. In the studies that were reviewed, research-
ers used different spatial contexts to evaluate greenness;
for example, some studies analyzed residential greenness
by computing vegetation levels within buffers around a
geocoded residential address (between 50 and 1,250 m),
whereas others analyzed vegetation levels within an admin-
istrative unit. In addition, studies varied as to the timing of
exposure during which they characterized greenness (at a
single moment or averaging over a specific duration).

The other approach researchers took to characterizing
greenness, less commonly used or used in tandem with the
NDVI metric, was to quantify “green” land uses within a
certain proximity to the residence or within a given adminis-
trative unit. This technique was applied differently depending
on data sources available, but typically involved analyzing

submit your manuscript

134

Dove

International Journal of Women’s Health 2017:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Greenness and maternal health and pregnancy outcomes

Records identified in PubMed
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A 4
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Titles and abstracts screened

Records excluded
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Reviews/commentary: 2
No relevant outcomes: 1

A 4

A

for eligibility
(n=13)

Full-text articles assessed

Full-text articles excluded
(n=1)
Incorrect exposure: 1

A4

A

Articles identified from
references of relevant

A 4

publications
(n=2)

(n=14)

Studies included in review

Figure | Results of search for original articles with results for greenness and maternal health and pregnancy outcomes.

local land use files, which classify land parcels according to
their predominant use. Qualifying land uses included parks,
forests, recreation areas, sports fields, golf courses, etc;
researchers assigned exposure values based on the proximity
of such green land uses to the residence, or the proportion of
green land uses within an administrative boundary or defined
buffer distance around the residence. Some studies consid-
ered both vegetation index and land use approaches.
Vegetation indices such as NDVI are available at vary-
ing spatial and temporal resolutions. The most commonly
accessed sources provide a spatial resolution of 30-250 m
every 16 days. Within each study, authors generally used
data from a single time point that captured the maximum
variability in greenness for their population of interest. The
time points chosen for each study therefore varied depending
on the climate and geography where study participants lived,
but all studies that took this approach relied on values mea-
sured between June and October. One study, by Casey et al,
assigned each subject the average NDVI value of the three
seasons prior to the child’s birth.” In contrast to studies that

relied on a single measure of peak greenness, this approach
to exposure characterization allowed for the incorporation
of seasonal changes in greenness.

To assign individual exposures, studies most commonly
assigned the average value of the vegetation index within
one or more buffer sizes around a participant’s home. The
varying buffer sizes used to characterize greenness captured
different neighborhood definitions. For example, a smaller
buffer size may capture the environment immediately vis-
ible outside a person’s home, while a larger buffer size may
capture an average walkable area.> Many studies considered
a range of buffer sizes in their analyses.

A question that has persisted in this research area con-
cerns whether greenness metrics capture the quality of a
given area, for example, whether a green space is safe, clean,
pleasant, etc, or whether participants make use of it or not.
The papers summarized in this review did not particularly
address these concerns by incorporating environmental qual-
ity (eg, through environmental assessments) or participant
use of green spaces (eg, through surveys).

International Journal of Women’s Health 2017:9

submit your manuscript

135

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Banay et al

sJaynq Ja|[ews 10U Inq Jas.e|

ul ‘pooyaoqysiau G35 JoMo|

pUE UONEINPS J9MO| YIIM

9s0y3 .0} suoneldosse Ia3uo.is
:ssauu9a.3 Sulpuno.ng —

syuedidiued ueispiey

10U INQ IYM O} SSBUUDIT

Sulpuno.LINS [eNUAPISAL PUE AAG
US9MISq UONEBIDOSSE SANISO] —

uopedNpa Selspow

YaIM SI94aoW Ul 3593U0.0IS SBeM
UOIIBIDOSSE 92USI3JWNDIID PBIH —

uolzedNpa NeISpow

PUE MO| YIIM SJayIoW Jo

sjuejul Suowe ssauusa.s pue
Mg US9MI9q UONEBIDOSSY —

|9A3] uonednpa
1SOMO| 3 YIIM SuayIow
Suowre paAISsqO SUOIEIDOSSY

uoneAlidsp Alunwwod
1o 535 Ajiwey Aq uonesyipow
129)J3 JO 3DUIPIAS ON

S35 J1amo|
Jo asoy 3uowe suonedosse

J93uons Apueoyiudis Ajleonsnels

wi239.4d YaIM UONEBIDOSSE ON —

VOS jo
SPPO J9MO| % | YIM PaIBIDOSSE
J19A02 Adoued 9943 Jaysy %0 |

A\G Ul aseaJudul
(808 ‘L1 1D %56) 8T91 yum

pajeIdosse Jayng w 057 Ul JAAN
ul 9seaJdul a8ued ajnJenbusiul

ue ‘o|dwexa Joj ‘ssouuaa.sd
Suipuno.LIns [eNUSPISaI PuB ANG
US9MI9q UOIIBIDOSSE DAIISOY

93e |euoneisad zou Ing (' ‘S0 1D
%56 ‘WW /|) 2UBIDJWNDIID peay
pue (789 ‘T0T 1D %56 S Th)
Mg Ul seseaJdul Ylm pajeldosse
J34nq W 00§ ® ulyIm JAQN ul
aseaudul a3ued ajnJenbasiul uy

o3e [euone1sas 4o AAG

Y2IM PaIBIDOSSE 9.49M dJnsodxe
U933 JO SJOIEDIpUl BYI JO SUON|
2403s Jeddy Jo AAg

30U 3INq “(£6°0 ‘850 1D %56 ‘€L10
YO) YHIq YOS Pue (660 ‘190 1D
%56 ‘8L°0 YO) w233.1d yaog M
pa1e120SSe SeM (| SA §— S9|1491)
ssauuaa.3 uaysly ‘sdiysumon

Jo sySno.ogq 10u Ing ‘sanId |

wu3a4d AusA ‘was3aud e8e
[euoIe1sa3 U0) SUONEBIDOSSE ON| —

(06°0 820 1D %56) AME1

4O Sppo pasea.dap %9| pue (]°§T

‘€€l 1D %56) M@ Ul aseaudul 3
T6| YIm paBIDOSSE SSaUUDIS

u1 aseaJdul d3ued jnJenbasu) —

wa9e4d —
VOS —

M4

9dUBIBJWNDIID
pesH —
a3e |euoneisan) —
M4 —

AJ2AIp 3B
a3e |euoneisan) —
Md —

2.00s Jeddy —

Y2419 we3ald —

VOS —

Mg Wi | —
SOLIDAIIDP

waenaad Ausp —
SI1IDAIIDP

we3ald —

a3e |euoneisan) —

MATA —

Ma1—

Md —

9OUDpIsal [eUIIBW

punoJe suaynq W 00Z PUe ‘00|
‘05 @ya ul Adoued 993 adeIuadIay

W 000'S=< J0

BaJE UB Y2IM 9deds uaaud

' JO W QQ€ UIyaim 3uial sededs
u22.3 01 Aywixoud [enuspisay —

9oUdpIsad

[euJa3BW pUNOJE W O0Q‘| pUe

‘00S ‘05T ‘001 ‘0§ Ul INAN —

92UBPISa [BUISIBW pUNO.IE
w 00§ PUE ‘05T ‘001 U IAAN

SSaUPPE JO Jaynq

w 0§ ul 9deds usaug Jolel| —
9DUBPpISa [BUIRIBW

puno.e.sjnq w Q| Ul JAAN —

uoIeISas JO SUOSEIS UO
paseq pausisse 3dUapIsa. [eUIaIBW

puno.Ie lIped W 0ST| PUE 05T
ul JAQN 28eJaAE [euoseag

9oeds usa.3 (w 0O‘§<) Jolew
JO SalIBPUNOQ WOy W OO

JO J91Nq B UIYIIM 9DUSPISDY —
9duUapIsau
[BUIS1BW pUNOJE SJ9YNq W 00§

PUE ‘05T ‘001 Ut IAQN 938498y —

[BUONDIBS-5504D)

1Joyod yaaig

140yod Yaaig

2104od ypiig

104od ypiig

[BUONDSS-5S04D)

£00T-900T ‘sa1e38
paun ‘uo3suQ ‘puepuod
Ul SY3iq 9A1| U0ID|BUIS 969°G

010T-£00T ‘wiop8ury pauun
‘sya1q oA uo|Buls 08L°0|

8007—£00¢ ‘ureds

‘SY2Iq SAI| UCI|BUIS £6E°T

$002-100T
‘ureds ‘syaiq 9yT'g

€107-900T ‘se383s paun
‘[eadsoy eiueA|Asuuad
3j3uls ® 1B suayaow /870
01 uJoq saugul | 78|

900—000T ‘&S| ‘NiAY [ Ul
11040d Yaiq Ansida e wo.y
SUIQ 91| uoIB[BUIS 7€ | ‘6E

110t
‘s)|e 39 ueAOUO(Q

¥102
‘[ 39 pueApeq

(s40yod ysiueds §
Ul saWodIN0
Aoueudaud

pue ssauuaa.s
Buipuno.ung) 70T
‘c|[e 32 pueApeq
(Aoueu3aud

pue Ajjenbau;
yaeay ‘adeds
uaa.1D) 7102

‘z[e 39 pueApeQq

910¢ ‘& 10 AoseD

¥10T
‘1[e 39 Aeys-Aedy

uonesyIpow
309})9 J0 uoneIpay

Suipuy urepy

swo33nQ

auansodxg

u3issp Apmg

uone|ndod

Jeaf ‘9duausey

sawod1no Adueudaud pue yijeay [eulaIBW PUB SSAUUIDIS UO SIIPNIS PApN|dUI JO S NsaJ jo Alewwing | ajqe ]

International Journal of Women’s Health 2017:9

submit your manuscript

136

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Greenness and maternal health and pregnancy outcomes

Dove

(panunuod)

§3S pue ssauuaaud
U99M3I9q UONDBIIIUI JUBDYIUSIS
A|[e213s11®IS JO 92UBPIAS ON|

Jayng w 0o | Y3 uriou
Inq ‘syueanijod Jie Joj 3usunsnipe
J9ye Jayng w oG ay3 ul passisiad

Mg PUE ssauuaa.g usamiaq
suoneldosse JuedIudis A|jeonsnels

Anuwixoud sjued pue ‘Ajigesjem
pooyJoqygiau ‘saunsodxa asiou
pue uonnjjod Jre Joy Juswasn(pe

01 1SN0 SUONEBIDOSSY
(1I8T°01'1 1D %56 *LL’| ¥O)
{pa1q wiie3a.d pue (558 $0'|
1D %56 ‘L6'T 4O) MATL “(S1¥
‘0T 1D %56 ‘€T'T ¥O) Mg 40}
S)[sl1 pasea.dul “jed o1 adueIsIp
y3iy pue ssauusa.g Suipuno.ins
MO| yaim 5323[gns Jo4

auedyiudis A|[ednsnels

j0U Inq ‘493u0.ls Sem AAGT]

pue AAg 40} ddeds uaaus jo

1094J9 [BIDIJDUS] ‘YUSWIUIEIIE
[BUOIIBINP? SSB] YUAA —

sawomno

Aue Joj 535 pue Ad1uyle/ede
Aq uonedyipow 1299 oN| —

1299
juapuadapul pey sJo1de) Yaog —

uonealudap

IWLOUOIIOID0S PUE [9AI)

$S2UUDD.J3 40} JuUsUNISN[pe Ja)e
(Z1°0=d) pa4eaddesip Jaasn|D —

(£00°0>d) ©o-e ueljodonnaw

U047 aya Jo 1seS Yanos aya

up 4a3sn|d disid y3iy Ajessow
JuByul Jo uonnquiasip [eneds —

eisdwed>aaud
Y3IM UONEBIDOSSE JUedIusis ON —

Jaynqg w oG | upm (£66'0 ‘7L6'0

1D %56 ‘5860 YO) Wi1233.d Jo yjsi

padnpa. yam pagerdosse [AQN Ul
asea.dul adued djnJenbasul uy —

Jaynq w 0g uIyIM (90'6

‘11°€ 1D %S56) 8 60°9 Jo aseaudul

M4 Yim pazerdosse IAGN ul
aseaudul a3ued 3jnJenbusiul uy —
yaiq (syeam 9g—0¢) waazaud
A[93849pOUW puE ‘($)e9M Of>)
wu9.d A4aA ‘DS Jo pooyidy||
3Y3 Ul SasBAIIBP PUE (/4T ‘G9|
1D %56 € 9°07) MG Waa1 Jaysiy
yam pasedosse (|°0) IAQN !
aseaudul a3ued a|nJenbasiul uy

soLawW jaed

01 9duelsip SUOWE SUOIIEIDOSSE
auedyIudis A|jed1asnels oN —

ya8ua| uonelsss ‘w.sza.d

‘VOS ‘ME1L ‘AAgT ‘Mg PuE

IAQN US9M19q suoneosse
auedusis A|[ednsnels oN —

AAGT 4O Jfsid pasea.dap

FT1 9T 1D %S56) %L Wim

pajeldosse adeds uaau3 ul
aseaudul 98ued ajJenbusiul uy —

M8 3431y

(09 v°0 1D %56) 8 T'€ Yum

Pa3eI20SSE 9DUSPISAI JO W O§T

uIyam adeds uaa.3 jo uondedy ul
aseaJdul adued d|nJenbusul uy —

Ajeriow jueju|

wue3ald —
M4 —

wu3a.d
Ajo1eaapoly —
wuRud Ausp —
VoS -
MA —

ya8us| uoneIsan) —
we3ald —

VOS —

Ma1—

ML~

Md —

VOS —
MAT -
Md -

(s1sa.04 ‘s>yaed ‘or)
Bo.E [eJnIeU Jo pasiidwod eaue
[2203 520|q snsuad jo uon.odo.y

sassa.uppe awoy siuedpn.ed

puno.e w 0G| pue ‘00| ‘0§
JO sJaynq [elped UM [AAN

sswoy siuedpn.ed
jowQo| upim IAAN

(wo00'| < pue
‘000°1-00€ ‘00€>>)
>Jed A31d 3s9483U O] ddUEISI —

W 00§ PUe ‘00€ ‘001 30 s1aynq
aul| 3ySre.ns uiyum IAQN —

aseqelre(
J9A0D) puUET [BUONEN] 9Y2 WO.
BIEBP UO paseq dJUIPISA WOy
W 0§ UIyUM (pue| paieAR|nd pue
‘SN0a2BQJaY ‘QNYs 1590y ‘d1)
JoaJay) uondely pue adeds usaln)

600C-000T

|e2130j003 ‘9dUe.4 ‘UOAT ‘syreap IuBjU|

900C-L661
‘s@1e1g pajlun ‘eluJojied
‘sannunod aduelQ pue

14040d g s9[e8uy SO ul sauRul 98| ¢|8

70076661 ‘EPEUED

34040 Yig ‘sya1q uodBuls G0L'+9

6007—£00C
‘BlUBNYII] ‘seuney|

110yod yauig ‘syaIq A1 uola(Buls 76T'E

900T—000¢
‘933G PAYIUN ‘IND1IIBUUOD)

[BUOND9S-5504D) ul uloq saiqeq | |8'6€T

€10T ‘sl® 39
ddjuele | -[eyry

€10t
‘gl® 39 3uduneT]

¥10t
‘a1le 39 peasAH

S10T ‘e 3R
SUaIDIAS|NZRID)

910T %[e 32 nsiq3

137

submit your manuscript

International Journal of Women’s Health 2017:9

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Banay et al

Y319Mm Yaaiq MO| AJA ‘AAGTA 238

[euoneIsas oy [lews YOS Y3IOM i MO| WIDY ‘AAGTL YSIoM Uaaiq ‘AAG IYSI9M oI MO| ‘AAGT SNIBIS DILLOUODIOIDOS ‘SIS (ORI SPPO ‘YO {[BAI9IUI SDUSPHUOD ‘| IXSPU| UONEISSIA 92Uy PZIBWLION ‘|ACN :SUOIIRIARIGQY

(%8°£) Horeipaw

[enJed queoyiudis Ajjeonsnels
ng ‘|[ews & sem A1Ande [edisAyd —

uonealidap

eaJe AQ UONEDIIPOW 10343
auedyiusis Ajjeonsnels oN —

UoNEINP3 SS3| YaIM sJaylow
ul 493U0.IS UONEIDOSSY —

uonesnpa

J0 saeak 0] > Yam sasyow
Joj suoneldosse Jaduo.ag —

Aoueudaud

Surnp ssau3s [euJazew Jo

asiou 4oy paisnipe Ajjeuonippe
USUM ISNQO. PIUIBLWIDI SINSDY —

(££0°0=d) T80

sem (s[enpiaipul 00000 |

Jad) eisdwejpaaud oy oned

9oudeAa.d ‘aoeds usaud apod
dIZ Ul 9589J2Ul ;W>| YdBD JO4 —

s219qelp |euoneisad pue adeds
U933 U99MIDQ UONEIDOSSE ON| —

sJayng

W 00$ ‘00€ UIYIM JuBDYIUSIS
A|[ea11s17€3S 20U ING PUIIY JBJIWIS —

(4aynq w | Joy) ajpuINb

U943 3sB3| DY) Ul dSOY URYD

swoldwiAs aAlssaudap 1uodau 01

(%€T—%81) A1 s$3] Apuesyiudis

A|leonsinels auam sajnuinb
J9U93.8 93 Ul USWOM JuBUSDI] —

sazis
J2JJnq J3Y30 I0) PUSI JE|ILUIS —

Jaynq w 00§ 404 (9°%€

‘S0 1D %56) 8 9°L| yo dsea.dul

ME YIIm paierdosse |AQN Ul
aseaudul a3ued 3jnJenbusiul uy —

eisdwedasug —

|ed180j0>3

140yod yaaig

140yod yauig

800T—£00T ‘s23'3S paiun
‘eludoyijeD ‘sanunod aduelQ
pue s3[a3uy SO Ul USWOM
01 syuiq Suowe eisdwepdaaud
JO SOSBD 88’9 pUE SI2QEIp 9102
[euonelsas Jo sased 7696 ‘o183 uno

1102-£00C
‘pue|dug ‘pJojpeJg Ul SIuBUL 910C
818°€| PUE su3LpowW €947 | ‘;|e 39 ueydegd|

6661-9661 ‘AuBULIBD ‘[DSIAA ¥10¢
PUE UdIUN|y Ul SIUBJUI €0T'E ‘ozl 30 YoAAS|IRLY

uonesyIpow
309})9 J0 uoneIpay

Suipuy urepy

sa19qeIp

[euonelser) — apod diz ul eaJe adeds usaun)
9DUSPpISa [BUIIBW
uoissaudap punoJe w 00§ PUe ‘00€ ‘001 o
wniuediiag Jaynq aul| aySieas uiyum AN

9DUBPISaJ PUNOUE J3YNG W 00§
uiyam adeds uaau3 Jo eauy —

9DUBPIS [BUIDIBW pUNOIE

w 008 PU® ‘005 ‘00T ‘001 J°
Md 434nq |elpes ulyam |JAQN —
awodInQ auansodxg

u3issp Apmg

uone|ndod Jeak ‘eduausyey

(panunuop) | a|qeL

submit your manuscript

138

International Journal of Women’s Health 2017:9

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Greenness and maternal health and pregnancy outcomes

Maternal health outcomes

Relative to the literature on birth outcomes, greenness studies
that considered maternal prenatal or peripartum health were
few. Only three papers identified by the search discussed mater-
nal health outcomes.® '° These studies examined associations
between greenness and gestational diabetes, preeclampsia, and
peripartum depression. There appeared to be no association
between greenness and gestational diabetes, and only a sug-
gestive association, if any, between amount of greenness and
preeclampsia in these studies. There did appear, however, to
be a positive association between increasing greenness and
odds of maternal depression in one study.

Gestational diabetes

Among women in Los Angeles and Orange counties,
California, who gave birth in 2007 or 2008, there was no sta-
tistically significant relationship between the amount of green
space area in a ZIP code and the prevalence of gestational
diabetes, in either unadjusted or adjusted models; however,
this analysis did not adjust for maternal health and lifestyle
factors such as diet, smoking, and alcohol use.'°

Preeclampsia

Among women in Los Angeles and Orange counties,
California, who gave birth in 2007 or 2008, there was no
statistically significant relationship between the amount of
green space area in a ZIP code and the prevalence of preec-
lampsia, in either unadjusted or adjusted models. However,
there was a suggestive protective effect of the amount of
green space on the prevalence of preeclampsia; for each km?
increase in green space in a ZIP code, the prevalence ratio
for preeclampsia (per 100,000 individuals) decreased by 18%
(P=0.077). This ecological analysis was unable to adjust for
maternal health and lifestyle factors such as diet, smoking,
and alcohol use.'® Laurent et al considered neonatal records
from four hospitals in Los Angeles and Orange counties
between 1997 and 2006 in their retrospective cohort study
on greenness and preeclampsia.® In buffers of 50, 100, or
500 m around participants’ home, there was no association
between an interquartile range increase in NDVI and the risk
of preeclampsia (odds ratio [OR] for 100 m buffer: 0.97, 95%
confidence interval [CI] 0.93, 1.01).

Peripartum depression

In a 2015 study, McEachan et al studied a birth cohort in
Bradford, England, of 12,453 mothers between 2007 and 2011
and examined the association between greenness around par-
ticipants” homes and peripartum depression.’ They analyzed

the relationship between greenness in radii of varying sizes
around the residence and severe depression symptoms based
on the General Health Questionnaire. They found that within
buffers of 100, 300, and 500 m, those in the greenest quintiles
had a statistically significantly reduced risk of peripartum
depression compared to those in the least green quintile. The
authors were able to adjust for a range of behavioral and
socioeconomic factors including cohabitation status, financial
struggles, smoking, alcohol use, and physical activity. When
they replicated this analysis instead using the presence of a
major green space (5,000 m?) within 300 m of the home address
as the exposure of interest, they again found that the odds for
peripartum depression for those in proximity to a major green
space were reduced (OR 0.87, 95% CI 0.770, 0.995).

Infant health outcomes

Twelve studies considered the relationship between green-
ness and infant health outcomes, including gestation length,
preterm birth, continuous birth weight, LBW, and SGA.”8:11-20
Outcome data were gathered from birth certificates or clini-
cal examinations. Greenness was generally associated with
higher birth weight and lower odds of LBW, but associations
between greenness and gestation length or preterm birth
were mostly null.

Birth weight

Birth weight was the most commonly investigated neonatal
outcome in studies of greenness. There was a consistent
trend toward a positive relationship between greenness and
birth weight across multiple countries, although the magni-
tude of effect sizes was relatively small, suggesting a weak
association.

Most studies of birth weight accounted for gestation
length, most commonly by adjusting for it in regression mod-
els. In a study of infants born in Canada, Hystad et al observed
birth weight was 20.4 g higher for each 0.1 unit increase in
NDVI in a 100 m buffer around the postal code centroid.'®
Exposure was assigned using mother’s addresses across
the full duration of pregnancy, and the authors adjusted for
maternal socioeconomic status and smoking, which may be
important confounders in the relationship between greenness
and birth weight. Studies in the United Kingdom!* and Spain'?
found similar estimates of higher birth weight in greener
areas, between 16 and 44 g per interquartile range increase
in NDVI depending on the buffer size. These studies were
able to adjust for a variety of potential confounders includ-
ing maternal behaviors such as smoking and alcohol use.
However, they relied on a single measure of exposure based
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on address at time of delivery. Studies in the United States,?
Israel,!! and Germany? also reported statistically significantly
higher birth weights in greener areas, with effect sizes ranging
from 3.2 to 19.2 g heavier for an interquartile range increase
in greenness. Not all studies that assessed the relationship
between greenness and birth weight observed associations:
studies of babies born in Lithuania,'” Spain,'? and the United
States’ did not find any statistically significant relationship.
The study conducted in Lithuania observed 19.8 g lower birth
weight per 10% increase in greenness (95% CI —67.6, 28.1),
whereas the studies in Spain and the United States observed
positive but nonsignificant associations between greenness
and birth weight (242 g higher birth weight depending on
the exposure metric).

Some studies considered the dichotomous outcomes of
LBW (<2,500 g), very low birth weight (VLBW, <1,500 g),
or SGA (10th percentile or less in weight compared to babies
of the same gestational age). Studies that considered both
continuous and dichotomous birth weight outcomes generally
arrived at results in the same direction. Consistent with their
finding for continuous birth weight, Agay-Shay et al observed
a statistically significant 16% decrease in the odds of LBW for
an interquartile range increase in greenness; results for VLBW
were in the same direction but not statistically significant.!!
Grazuleviciene et al did not find any statistically significant
association between greenness and LBW, with an OR 0f 0.97
for an interquartile range increase in all greenness measures
reported.'” Overall results for the dichotomous outcome of
SGA were similar to those for LBW, with studies reporting
between 3% and 27% lower odds of SGA for an interquartile
range increase in greenness.

Although most of the studies considered surrounding
greenness, as measured by NDVI, as the exposure of inter-
est, some studies did consider whether proximity to parks,
forests, or other green spaces was associated with birth
weight.!> 120 Results for these measures were mixed: among
babies born in the United States, a greater proportion of park
land near the residence was associated with 7.6% lower risk
of LBW,'® and a 10% increase in tree cover was associated
with a 1% reduction in the odds of SGA.'S Conversely, a
study in Germany found no relationships between distance
to parks or forests and birth weight,?® and one in Lithuania
observed statistically significantly increased odds of LBW
only for those who lived both far from a park and in a low
NDVI area (OR 2.23, 95% CI 1.20, 4.15)."7

Gestation length
Multiple studies considered outcomes related to gesta-
tion length, either as a continuous measure in weeks or

dichotomized. Results were mixed, with most studies finding
no statistically significant relationship between greenness
and gestation length or preterm birth. In addition, although
gestation length would seem to provide a pathway to birth
weight, it did not appear to be the case that positive birth
weight outcomes were driven by gestation length.

The most common dichotomized outcome was pre-
term (<37 weeks) versus term birth, but some studies
considered very preterm (<30 weeks) and moderately
preterm (30-36 weeks) birth separately. Casey et al found
an inverse relationship between greenness and preterm
birth in babies born in Pennsylvania cities (OR 0.78 com-
paring the two greenest tertiles to the least green, 95% CI
0.61, 0.99); in townships and boroughs, areas of lower
population density, there were no statistically significant
associations. This study assigned exposure based on the
NDVI values for the seasons of gestation rather than rely-
ing on a single time point. The authors were also able to
adjust for a variety of behavioral confounders (including
smoking, body mass index, and antibiotic use) and envi-
ronmental confounders (including well water, neighbor-
hood walkability, and distance to road).” In a Vancouver
cohort, Hystad et al observed statistically significantly
lower odds of moderately preterm birth (OR 0.95, 95%
CI10.91, 0.99) in greener areas, but no significant decrease
in the odds of very preterm birth (OR 0.91, 95% CI 0.77,
1.07).'® Other studies conducted in Spain,'>!* the United
States,' Israel,!" and Lithuania'” found no association
between greenness and preterm birth or continuous gesta-
tional age. Effect sizes in these null studies were small and
inconsistent in direction, with ORs for preterm between
0.98 and 1.07, and beta coefficients for gestational age
between 0 and 0.3 days.

Other outcomes

One ecological study considered the relationship between
the proportion of census block total area that is natural area
and a geographic cluster of infant mortality. The presence of
natural areas explained only a small fraction of this cluster of
infant mortality.'” This study was limited by the ecological
design and the analytic approach, which focused only on one
cluster of infant mortality.

Very few studies to date have assessed other anthropo-
metric or developmental outcomes. One study assessed the
relationship between Apgar score and greenness during preg-
nancy and observed no associations.” Head circumference
was also considered in one study; the authors reported
1.7 mm larger head circumference for an interquartile range
increase in NDVI."3
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Mediation analyses

Although some studies presented results for models both
adjusted and unadjusted for certain key variables, only one
study conducted a formal mediation analysis. McEachan et al
found that within the 100, 300, and 500 m buffers in which
NDVI was assessed, physical activity was a partial but sta-
tistically significant mediator (between 5.6% and 7.8%) of
the effect of greenness on peripartum depression.’

Other studies stopped short of a mediation analysis but
compared effect estimates including or excluding certain
other key variables. Laurent et al presented results including
estimates of traffic density and air pollutant concentrations;
statistically significant associations between greenness and
birth weight persisted in the 50 m buffer after adjustment for
air pollutants, but not in the 100 m buffer.® The statistically
significant association between an interquartile range increase
in greenness within a 150 m buffer became nonsignificant
after adjustment for particulate matter (2.5 microns) or traffic
density. However, the authors did find statistically signifi-
cantly decreased risks within the 50 and 100 m buffers only
after adjusting for NOx or CO.! In their study, Hystad et al
found a statistically significant positive relationship between
NDVI and birth weight, and lower odds of moderately pre-
term birth in greener areas.!® These associations persisted
after adjustment for other spatially correlated features such as
air pollution exposure, noise exposure, walkability, and park
distance; adjustment for individual and area socioeconomic
status, however, attenuated the associations. Overall, these
findings suggest that the relationship between greenness,
pollution, and birth weight is complex and the nature of the
associations may not be the same for all pollutants. The fact
that associations between greenness and birth outcomes
persisted after adjustment for key pollutants suggests that
buffering of other harmful environmental exposures does
not fully account for the observed associations.

Effect modification analyses
Many studies considered effect measure modification, in
particular whether the relationship between greenness and
birth outcomes differed across household and neighborhood
measures of socioeconomic status. Results were mixed, but
multiple studies found stronger associations between green-
ness and birth outcomes in participants or neighborhoods of
lower socioeconomic status.'? 41420 These findings suggest
that the potential benefits of greenness on health may be
strongest in more deprived areas.

Several studies observed that the relationship between
greenness and birth outcomes was stronger in mothers with
lower levels of education or lower household income, 127141620

suggesting that individual education and income may be
important moderators of the relationship between greenness
and health. These findings concur with studies of greenness
and other health outcomes, which have also found stronger
relationships in individuals of lower socioeconomic status.?
Effect modification by individual race or ethnicity was less
clear: Dadvand et al observed a relationship between green-
ness and birth weight in white but not Pakistani residents of
Great Britain,'* whereas in studies of residents of the United
States'® and Canada,'® there were no differences in associa-
tions across racial or ethnic groups.

A total of seven studies assessed the presence of
effect modification by some measures of neighborhood
socioeconomic status such as a community deprivation
score or median household income. Although some of these
studies saw a trend toward stronger relationships in areas of
lower socioeconomic status,''"'*!® the majority observed no
statistically significant evidence of effect modification by
area socioeconomic status.”*!*!?

One study also assessed potential effect modification by
maternal physical activity. For example, McEachan et al
tested whether the relationship between NDVI and peripartum
depression differed by physical activity level, and found that
the beneficial effect of greenness was stronger in those
who were physically active, only in the 300 m buffer.’
There was no evidence of effect modification by physical
activity in their analysis concerning proximity to a major
green space.

Discussion

The relationship between greenness and maternal health
and birth outcomes is an emerging area of research. Studies
across several countries have observed a relationship between
greenness and birth weight, with babies born in greener areas
likely to be heavier. Results for gestation length were less
consistent, with the majority of studies finding no associa-
tions between greenness and gestation length. The majority
also found no association with risk of preterm birth, although
some studies did find lower odds of preterm birth among
babies born in greener areas. Only three studies considered
maternal outcomes, such as preeclampsia or gestational
diabetes. The two studies reviewed on this topic generally
did not find statistically significant associations; however,
one study identified a relationship between higher greenness
and reduced odds of preeclampsia. One study also found that
increased greenness was statistically significantly associated
with lower odds of peripartum depression. This finding was
consistent with a larger body of literature suggesting that
greenness may be associated with lower risk of depression
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and distress in diverse populations.? Overall, the results of
existing studies suggest that greenness may be positively
associated with desirable neonatal outcomes such as birth
weight and gestation length and that greenness may be asso-
ciated with lower odds of detrimental maternal outcomes,
particularly peripartum depression, though only one study
considered this association.

In studies that were able to evaluate effect modifica-
tion, there was suggestive evidence that the relationship
between greenness and health may be stronger in people
of lower socioeconomic status. Only one study evaluated
effect modification by maternal behaviors and observed the
relationship between greenness and health was stronger in
physically active mothers. Many studies had relatively few
cases and therefore limited power to assess effect modifica-
tion, so findings should be interpreted cautiously and further
research is needed. Few studies addressed mediation.

Most studies relied on exposure characterized at a single
point in time (usually based on residence at the time of birth).
This approach may not represent exposure through the dura-
tion of pregnancy, particularly if mothers moved residences.
Only one study considered seasonal variations in greenness in
their exposure characterization.” Given relatively fine tempo-
ral resolution at which vegetation indices such as NDVI are
available, the impact of seasonal variations in greenness on
pregnancy outcomes represents an important and accessible
area for future research. A more nuanced exposure charac-
terization would also allow for the exploration of critical
periods of exposure during pregnancy.

The relationship between socioeconomic status, race/eth-
nicity, and greenness exposure is a multidimensional one. In
the US, those with greater socioeconomic status, more likely
to be white, may also have greater greenness exposure in cit-
ies, where such real estate is more expensive.?'”> However,
in suburban or rural settings, there may be fewer associations
between socioeconomic status, race/ethnicity, and greenness
—or they may run the other way.” Even within the US, these
relationships are likely to vary by geography. In cohorts
outside the US, where most of the studies reviewed were
conducted, the relationships between class, race/ethnicity,
and greenness manifest differently. In general, the studies
reviewed, across all outcomes, were able to adjust for socio-
economic status and race/ethnicity, for example, by including
terms for maternal level of education or material deprivation
in adjusted models. Given the complexity of the concepts and
the scant availability of proxies in some scenarios, adjustment
for socioeconomic status may not be complete. However, it
is unlikely — given the nature of the relationship between

socioeconomic status and greenness, and the ability of most
researchers to account for socioeconomic status in some
way — that socioeconomic status explains all or even most
of the associations observed between greenness and health.

The relationship between the physical environment and
health is complex,? and greenness is just one component
that may influence maternal health and birth outcomes. Very
few studies considered other relevant characteristics of the
physical environment such as walkability, perceived safety,
access to destinations, or land use, either as covariates or
separate exposures.”'*!® Future research should investigate
not only the relationship between greenness and health but
also the interrelationships between nature and other com-
ponents of the physical environment that may interact to
influence health.

Although research in this area has begun to assemble an
evidence base on the effects of greenness on maternal health
and birth outcomes, more studies are needed to validate these
results, explore other outcomes, and identify mechanisms.
Although particular birth outcomes like preterm birth and
birth weight have received some scholarly attention, more
developmental-type assessments (eg, Apgar score) could help
fill out the picture for the relationship between greenness and
infant health. Similarly, despite small inroads, little is still
known about the relationship between greenness and mater-
nal health outcomes. There may be particular unexplored
links between greenness and maternal mental health.

The methods these studies employ could also be improved
in several key respects. Most studies in this realm were
cross-sectional, and even those that occurred in prospective
cohorts often only assessed greenness exposure around birth.
Therefore, these studies may misclassify exposure during
pregnancy and obscure the temporality of exposure and
outcome. Relatedly, studies on greenness and birth outcomes
should focus on critical periods; because pregnancy is a spe-
cific and temporary state, prenatal greenness exposure should
consider key windows and seasonal fluctuations.

In a research area where the causal pathways remain
unclear, few studies employed mediation analyses. Although
some considered air pollution and other environmental
features as potential mediators, physical activity, social
interaction, a host of other factors may play mediating roles
that could be elucidated.

Finally, as with any birth cohort study, the ones summa-
rized in this review may be subject to selection bias. If the
exposure is associated with viability, those births eligible for
inclusion in a birth cohort are limited to those unaffected by
the exposure during gestation — a subject must have survived
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to the time of birth to be included in the study. The extent
of this bias would be dependent on how likely greenness
may be to influence viability. In this context, selection bias
introduced via this mechanism is likely to be small, but future
studies that rely on pregnancy cohorts, where mothers are
followed from conception or prior to conception, rather than
birth cohorts, would help address this issue.

There is growing evidence that greenness may be associ-
ated with improved birth and pregnancy outcomes. Further
research is needed to understand the relevant mechanisms,
and future studies should therefore consider mediation
analysis, with particular attention to whether frequently
studied pathways such as increased physical activity and
social interaction or lower exposure to harmful environ-
mental exposures such as air pollution and noise explain the
relationships between greenness and birth outcomes. Given
the evidence indicating that positive relationships between
greenness and birth outcomes may be stronger in those of
lower socioeconomic status, future research should continue
to explore effect modification by individual and area socio-
economic status. Overall, this review indicates a potential
positive relationship between greenness exposure and a
number of birth outcomes in several studies, and underlines
the need for more research replicating these findings and
exploring their implications in more detail.
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