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Abstract: Background: Antenatal depression is an important contributor to poor maternal health
experienced by some women. This study aimed to determine whether exposure to green space
during pregnancy is associated with less depression, and whether this association is moderated by
relevant factors, such as age, education, self-identified ethnicity, physical activity, residential rurality,
and socioeconomic status. Methods: Health data were sourced from the cohort study “Growing Up in
New Zealand” comprised of 6772 participants. Green space was estimated based on the proportion
of green space within the Census Area Unit. Adjusted logistic mixed effect models were used
to investigate the association between green space and antenatal depression after controlling for
confounding variables. Results: Maternal exposure to green space were not associated with lower
odds of antenatal depression. Indications of effect modifications due to relevant factors were not
observed. Conclusions: This study did not determine an association between access to green space
(measured based on the distance to the nearest green space) and antenatal depression. Therefore,
a link between green space and antenatal depression was not established. For that reason, ensuring
residential areas contain adequate green space may or may not be helpful in preventing antenatal
depression and adverse health outcomes associated with this depression. More studies focusing on
pregnant women in a range of social contexts, and considering both exposure and access to green
space, are warranted to determine the relationships between green space and antenatal depression.

Keywords: antenatal depression; green spaces; census area units; geographic information systems;
multilevel data

1. Introduction

According to the World Health Organization, the most common mental health disorder affecting
adults in the general population is depression [1]. In the United States of America (USA), billions of
dollars each year are spent on depression, attributable to direct medical costs (i.e., medical services and
prescription drug costs), suicide-related mortality, and workplace costs (i.e., costs associated with an
absence from work and reduced productivity) [2]. Depression is clinically diagnosed by the presence
of unhappiness; feelings of guilt; tiredness; and lack of appetite, sleep, concentration, and pleasure [1].
The prevalence rate of depression amongst adults in the general population is country-specific, ranging
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from 11% for low and medium income countries to 15% for high income countries [3]. Depression
can manifest as a chronic condition, and, if left untreated, leads to loss of productive life years during
the life course of the affected individual [1,4]. In 2001, depression was regarded as the fourth leading
cause of disability [5]. By 2020, depression is projected to become the second most important factor
associated with disability [5]. In the most severe cases, depression culminates into suicide [1].

Globally, variable prevalence rates of antenatal depression (defined as “depression during
pregnancy”) have been observed, ranging from 12% to 20% of pregnant women [6]. In New Zealand, it
is estimated that 15% of pregnant women (hereafter referred to as women) suffer from mental disorders,
including anxiety and depression [7]. Antenatal depression is an important contributor to the adverse
pregnancy outcomes of low birth weight, preterm birth, small for gestational age, smaller head infants,
and adverse child health outcomes of low Apgar scores and infant mortality [8,9]. Additionally,
antenatal depression is one of the important etiological factors responsible for the development of
postnatal depression [10,11]. Postnatal depression in mothers is linked to higher cognitive, behavior,
and interpersonal problems in their children [12].

One environmental intervention that can combat antenatal depression in women is exposure
to green space [13]. The United States Environmental Protection Agency has defined green space as
“land that is partly or completely covered with grass, trees, shrubs, or other vegetation” [14]. It has
been observed that women living in space that is more green are less likely to develop antenatal
depression [13]. At the same time, exposure to green space increases the levels of physical activity in
women [13] and children [15]. In this context, recent studies have indicated that the development of
large green space areas are frequently preferred in landscape planning stages [16–18]. The beneficial
effects of green space exposure during pregnancy are more evident in women of lower socioeconomic
status [13], those with low levels of education [19–22], or in those living in highly deprived areas [21].
More specifically, recent studies on green space and pregnancy outcomes indicate that women with low
or medium levels of education deliver higher birth weight infants compared with women with high
levels of education [19–22]. The association of green space exposure with higher birth weight is stronger
among women residing in the most deprived areas compared with women residing in the moderate
or least deprived areas [21]. Thus, a moderating effect of socioeconomic status in the association
between green space and pregnancy outcomes has been demonstrated. At the same time, data
from some general population studies are suggestive of a moderating effect of age in the association
between green space and mental health [23,24], and a moderating effect of residential rurality in the
association between green space and general health [25]. More exactly, general population studies on
the associations between exposure to green space and mental health outcomes have demonstrated
that green space is beneficial for the mental health of people within specific age groups (e.g., 18–24,
<30, and 31–50 years) [23,24]. A study of the association between exposure to green space and health
outcomes amongst general population adults has shown that people living in greener areas have better
health outcomes (e.g., morbidity symptoms and perceived general health status) in comparison with
those living in low-green areas; these associations are seen mainly in people living in the slightly
urban/moderately urban/nonurban areas [25]. In the general population, the association between
green space with mental health outcome of psychological distress is more prominent in people who
are physically active [26]. That is, people who live in areas of high green space and who are physically
active are less likely to develop psychological distress in comparison with people who live in low
green areas and who are physically inactive [26]. It is also known that green space is associated
with better mental health in women, at least in part through increased participation in physical
activity [13]. One limitation that appears in previous general population studies [27,28], and those
focused specifically on women [13] and green space in relation to mental health, is that the studies
have not accounted for nor controlled for self-selection bias in the regression analyses.

We aimed to investigate whether exposure to green space for women was associated with a
lower likelihood of antenatal depression after accounting for confounders, including socioeconomic
status and the length of stay at their current residence, used as a surrogate for self-selection bias.
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We also aimed to investigate whether the effect of green space exposure on antenatal depression varied
between different age and ethnic groups, low/medium/high levels of education, urban/rural groups,
low/medium/high area deprivation groups, and for physically active groups. We sourced health data
from a cohort that sampled women of diverse ethnicity and socioeconomic status, and gathered data
on physical activity, so that the effect of modifications of demographic and residential factors and
physical activity on the relationship between green space exposure and antenatal depression could
be investigated.

2. Materials and Methods

2.1. Study Source

Data for this study were sourced from mothers who were participants in the Growing Up in
New Zealand study, a longitudinal pre-birth cohort study of 6853 children and their parents who are
residents of the Auckland, Manukau, or Waikato regions of New Zealand [29]. The study region,
covered by three adjacent District Health Boards of Auckland, Counties Manukau and Waikato,
represented 11% of the live births in New Zealand, from March 2009 to May 2010 [29]. Growing Up
in New Zealand recruited 6822 women for the first data collection wave, called the “antenatal wave”,
whereby data were collected through face-to-face interviews with women [29]. Participants of the
Growing Up in New Zealand study were interviewed prior to the birth of their child or children,
as well as after the birth [29]. Written informed consent was obtained from mothers for their
participation, as well as of their unborn children [29]. As part of the antenatal wave, data that
described demographics, health behaviors and history, and household characteristics were collected
from mothers [29].

2.2. Estimation of Exposure to Green Spaces

The assessment of green space was performed based on the proportion of green space within
a given census area unit (CAU). CAUs in New Zealand are the second smallest geographical
units consisting of populations of 3000 to 5000 [30]. Statistics New Zealand define census area
units as “non-administrative areas that are in between mesh blocks and territorial authorities in
size” [30]. Our method of assessment of green space was similar to that used in previous studies in
New Zealand [31–33], namely, by dividing green spaces within CAUs into different quartiles based on
the percentage of green space in the CAUs. Our definition of green space included green areas, such as
parks, beaches, urban parklands/open spaces, forests, grasslands, and croplands, but excluded private
gardens. Other non-green areas (e.g., built-up areas (e.g., commercial, industrial, and residential
buildings), space used to support transport infrastructure (e.g., roads, rail-yards, and airport runways)
and water bodies (e.g., rivers and lakes)) were also excluded from our measure of green space. Data
on green space for the study region were sourced from the Auckland Council [34] and the Waikato
District Council. We supplemented data on green space from two Councils with data on green space
from the New Zealand Land Cover Database (LCDB) of the Land Resource Information Systems
portal [35]. The procedure of combining data on green space provided more attributes than using data
from a single source. Green space data from the Waikato District Council had a scale of 1:50,000 and
an accuracy of 90.0%. The LCDB data had a scale of 1:50,000 and an accuracy of 93.9% [35]. As the
relationship between green space and antenatal depression was non-linear, the green space variable
was utilized as a categorical variable. We took the 25th, 50th, and 75th percentiles as the break points
for the categorization of green space. The utilization of those percentiles resulted in green space being
categorized in our study as low (0% to <12%), medium (12% to <21%), high (21% to <38%), and very
high (38% to 100%). The Aeronautical Reconnaissance Coverage Geographic Information System
(ArcGIS) Version 10.3 (Environmental Systems Research Institute, Redlands, CA, USA) was used to
perform the green space analyses.
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2.3. Covariates

The covariates used were age (categorized as <20, 20–24, 25–29, 30–34, 35–39, and ≥40 years),
ethnicity (defined as self-identified ethnicity and categorized into European, Māori (New Zealand’s
indigenous population), Pacific, Asian, Middle Eastern/Latin-American/African, and New Zealander/
Other), educational attainment (defined as the highest level of education attained and categorized as
no secondary school qualification, secondary school, diploma certificate, bachelor’s degree, and
higher degree), employment status (defined as status in labor force service and categorized as
employed, unemployed, student, and not in work force), area deprivation (defined as “the New
Zealand Deprivation Index 2006 [NZDep2006]”) which is obtained by combining a set of variables
collected during the 2006 national census (e.g., income, home ownership, living space, access to
telephone, and access to car) [36], and categorized into deprivation deciles of low (deciles [1–3]),
medium (deciles [4–7]), and high (deciles [8–10]), smoking status (defined as smoking of cigarettes
during pregnancy, and categorized as yes or no), alcohol consumption (defined as consumption
of alcohol during pregnancy, and categorized as no drinking during pregnancy or any drinking
during pregnancy), relationship status with biological father (defined as social relationship status with
biological father, and categorized as no relationship; dating, not cohabiting; cohabiting; and married
or civil union), parity (defined as the number of pregnancies and categorized as first or subsequent),
residential rurality (defined as residence in urban or rural areas), physical activity during and after
the first trimester of pregnancy (defined as participation in recommended levels of physical activity
of at least 150 min per week [37], and categorized as yes or no), pre-pregnancy general health status
(defined as general health status during pre-pregnancy period and categorized as poor/fair, good, very
good, or excellent), and the length of stay at the current residence (measured in years and described
below) [29].

2.4. Self-Selection Bias

The importance of self-selection bias has been recognized in studies on green space and health.
For example, a systematic review of the association between measures of the built environment (e.g.,
parks and public open spaces) and physical activity amongst adults from the general population has
identified that neighborhood self-selection is likely to be a confounder of the association between
measures of the built environment and physical activity [38]. One way to reduce the creation of biased
estimates while determining the association between measures of the built environment and physical
activity is to statistically control for neighborhood self-selection [39].

It is likely that the association between exposure to green spaces and depression amongst general
population adults is confounded by the process of neighborhood self-selection [40]. This choice could,
at least in part, explain an association between exposure to green space and depression amongst general
population adults [40]. Consequently, the length of stay at the current residence had to be considered
while examining the association between green space and antenatal depression in this study.

Consistent with previous research studies on exposure to green space and mental health outcomes
amongst general population adults [40,41], we used the variable “length of stay at current residence”
as a surrogate measure for neighborhood self-selection. This is taken into account because a minimum
length of time (at least one year of stay at the current residence [42]) is needed before the beneficial
effects of exposure to green space on mental health become evident. In the Growing Up in New Zealand
study, the variable “length of stay at current residence” was described as the number of years that the
women had lived in their current residence [43], framed as “How long have you lived in this current
home?” and specifying the number of months, or number of years, or both, that they lived in their
current home [43].
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2.5. Dependent Variable

The dependent variable utilized in this study was the Edinburgh Postnatal Depression Scale
(EPDS) as it is the most common screening instrument used for the detection of antenatal and post-natal
depression [44,45]. The EPDS questionnaire consists of 10 questions that extract in-depth information
on antenatal or postnatal depression [44,45]. Each question has four responses (e.g., Yes, most of the
time; Yes, quite often; Not very often; and No, not at all) and a rating score of 0–3 points, with the
maximum calculated total score for any individual being 30 points [46]. Both the validity and reliability
of the EPDS have been demonstrated for its usage in diverse cultures [47–49]. For women who had
limited ability to speak English, or those who could not speak the English language, an interpreter
was available so that the EPDS questionnaires could be administered.

In the Growing Up in New Zealand study, women were asked to recollect information over the past
seven days while answering the following ten questions of the EPDS questionnaire: (1) I have been
able to laugh and see the funny side of things, (2) I have looked forward with enjoyment to things,
(3) I have blamed myself unnecessarily when things went wrong, (4) I have been anxious or worried
for no good reason, (5) I have felt scared or panicky for no very good reason, (6) Things have been
getting on top of me, (7) I have been so unhappy that I have had difficulty sleeping, (8) I have felt sad or
miserable, (9) I have been so unhappy that I have been crying, and (10) The thought of harming myself
has occurred to me. After gathering information from the EPDS questionnaires, the categorizations
of antenatal depression and non-depression in the Growing Up in New Zealand study were made at
a cut-off value of a total score of 13 points. At the threshold value of 13 points, the sensitivity for
antenatal depression is 0.83 and specificity for antenatal depression is 0.90 [46]. A total score of
≥13 points was considered to be associated with a high risk for antenatal depression [43]. For the
analyses relating to the current study, the EPDS scores for women were dichotomized as 0 (absence of
antenatal depression) or 1 (presence of antenatal depression) using the same cut-off value of 13 points.

2.6. Statistical Analyses

The final sample of 6772 mothers in this study from the original cohort of 6822 mothers was
created by restricting analyses to those women for whom each geocoded CAU number was available
for analysis. There were 613 CAUs within the study regions. On average, 11 respondents resided in
each CAU. If the clustering of respondents in CAUs of study regions is not accounted for within the
regression models, the standard errors of the contextual effect estimates are likely to be downwardly
biased. Multilevel designs are ideally suited to the analysis of neighborhood effects, such as green
space, within different sized CAUs, by simultaneously analyzing individual and neighborhood-level
variables, whilst accounting for the non-independence in the data [50]. As the proportion of missing
values in the variables was low, we decided to perform a complete case analysis. We conducted a
multilevel mixed model for a green space-depression association using district health board of the
maternal domicile as a random effect. As the EPDS score could not be normalized, we used EPDS as a
binary variable. The length of stay at the current residence was modeled as a continuous variable and
the green space-depression association judged based on logistic regression by observing odds ratios
(ORs) and their 95% confidence intervals (CIs). Firstly, we conducted univariate regression analyses
(Null Model) to determine whether exposure to green space by itself was a significant predictor
of antenatal depression. Subsequently, confounders were added to the null models one by one to
determine whether exposure to green space remained a significant predictor of antenatal depression.
Interaction tests determined the possibility of interactions between green space and relevant variables.
The final regression model had all independent variables, including green space, and interaction terms
if they led to a better fit in the likelihood ratio tests. A total of seven mixed models were developed
in Stata Version 14 (Stata Corporation, College Station, TX, USA) for investigating the association
between green space and antenatal depression.
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3. Results

3.1. Exposure to Green Spaces

The median area within CAUs of the Auckland and Counties Manukau District Health Board
regions was 1.62 km2 (n = 413 CAUs). On the other hand, the median area within CAUs of the Waikato
District Health Board region was 6.64 km2 (n = 200 CAUs). The mean (standard deviation (SD))
percentage of green space in the CAUs for the Auckland and Counties Manukau District Health Board
regions was 38% (32%). Correspondingly, the mean (SD) percentage of green space in the CAUs of the
Waikato District Health Board region was 65% (34%).

Educational attainment (χ2 = 47.01; p < 0.0001) and self-identified ethnicity (χ2 = 352.00;
p < 0.0001) were significantly different among population subgroups in terms of their exposure to
green space. Women who had acquired diploma level education qualifications were exposed
to higher surrounding greenness within CAUs of their residence than those with other
levels of educational qualification (diploma = 32.65% (95% CI = 31.42–33.88%), no secondary
school = 31.05% (95% CI = 28.70–33.40%), secondary school = 30.83% (95% CI = 29.50–32.16%),
bachelor’s degrees = 30.63% (95% CI = 29.19–32.07%), and higher degrees = 28.00%
(95% CI = 26.38–29.63%)). European women were exposed to higher surrounding greenness within
CAUs of their residence than non-European women (European = 36.14% (95% CI = 35.10–37.17%),
Māori = 31.08% (95% CI = 29.43–32.73%), Pacific = 21.90% (95% CI = 20.93–22.86%), Asian = 21.31%
(95% CI = 20.14–22.50%), Middle Eastern/Latin-American/African = 26.58% (95% CI = 23.12–30.05%),
and Other or New Zealander = 34.95% (95% CI = 28.42–41.48%)).

Exposure to green space was also significantly different for population subgroups based on the
level of area deprivation (F = 172.79; p < 0.001). Mothers residing in low deprivation areas were exposed
to higher levels of green space in comparison to those residing in medium and high deprivation areas.
More specifically, the proportion of green space available to women residing in low, medium, and
high deprivation areas was 39.93% (95% CI = 38.33–41.53), 31.85% (95% CI = 30.68–33.02), and 24.23%
(95% CI = 23.50–24.96), respectively.

3.2. Descriptive Statistics and Bivariate Analyses

The mean (SD) of the maternal age of mothers enrolled in the Growing Up in New Zealand study
was 30 (6) years, with most of these women, 93%, residing in urban areas at the time of cohort
enrollment (Table 1). The mean (SD) duration of the length of stay at the current residence for
mothers was 4 (6) years (Table 1). Fifteen per cent of these mothers experienced depression during
the antenatal period, and the proportion of the study cohort experiencing antenatal depression who
resided in areas of low, medium, high, and very high green space were 14.68%, 17.32%, 17.45%, and
15.22%, respectively.

Significant differences were identified among population subgroups defined by NZDep2006 in
terms of length of stay at the current residence (F = 1.62; p < 0.0001). The mean lengths of stay at the
current residence for women residing in low, medium, and high deprivation areas were 3.89, 3.96, and
4.86 years, respectively. In contrast, the length of stay at the current residence was not associated with
green space (F = 1.15; p = 0.10), residential rurality (F = 0.95; p = 0.68), physical activity during (F = 1.15;
p = 0.09) and after the first trimester of pregnancy (F = 0.93; p = 0.74), and antenatal depression (F = 1.00;
p = 0.50).
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Table 1. Demographics and other characteristics of antenatal mothers and bivariate analyses for
antenatal depression used to assess the effect of green space on antenatal depression from the Growing
Up in New Zealand study cohort.

Variables (n = 6772) * Descriptives n (%) or Mean (SD) Bivariate Analyses Test Statistic
(p-Value for Chi-Square or F Test)

Demographics

Age (years), n (%)

<20 325 (5) 147.31 (<0.001)
20–24 992 (15)
25–29 1651 (24)
30–34 2108 (31)
35–39 1411 (21)
≥40 285 (4)

Education, n (%)

No secondary school 485 (7) 123.47 (<0.001)
Secondary school 1610 (24)
Diploma 2068 (30)
Bachelor’s degree 1532 (23)
Higher degree 1058 (16)

Employment status, n (%)

Employed 3636 (54) 93.83 (<0.001)
Unemployed 543 (8)
Student 455 (7)
Not in workforce 1822 (27)

Self-identified ethnicity, n (%)

European 3576 (53) 202.76 (<0.001)
Māori 933 (14)
Pacific 1001 (15)
Asian 1002 (15)
Middle
Eastern/Latin-American/African 145 (2)

Other or New Zealander 96 (1)

Relationship status, n (%)

No relationship 125 (2) 115.04 (<0.001)
Dating, not cohabiting 278 (4)
Cohabiting 2312 (34)
Married or civil union 4038 (60)

Parity, n (%)

First born 2833 (42) 0.68 (0.41)
Subsequent 3932 (58)

Health behaviors and health

Smoking, n (%)

No 5473 (81) 101.53 (<0.001)
Yes 656 (10)

Alcohol consumption, n (%)

No drinking during pregnancy 4851 (72) 9.12 (0.003)
Any drinking during pregnancy 1904 (28)

Physical activity during the first
trimester of pregnancy, n (%)

No 4243 (63) 2.91 (0.088)
Yes 1890 (28)

Physical activity after the first
trimester of pregnancy, n (%)

No 4700 (69) 0.64 (0.42)
Yes 1433 (21)
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Table 1. Cont.

Variables (n = 6772) * Descriptives n (%) or Mean (SD) Bivariate Analyses Test Statistic
(p-Value for Chi-Square or F Test)

Demographics

General health status, n (%)

Poor or fair 698 (10) 168.79 (<0.001)
Good 2306 (34)
Very good 2382 (35)
Excellent 1372 (20)

Antenatal depression, n (%)

No 5141 (76) -
Yes 992 (15)

Household characteristics

Area deprivation (NZDep2006), n (%)

≤3: low 1684 (25) 90.83 (<0.001)
4–7: medium 2471 (36)
8–10: high 2615 (39)

Length of stay at current residence, mean (SD)

Length of stay (years) 4 (6) 1.00 (0.50)

Residential rurality, n (%)

Urban 6325 (93) 3.52 (0.06)
Rural 447 (7)

District health board region, n (%)

Auckland 2421 (36) 53.70 (<0.001)
Manukau 2526 (37)
Waikato 1825 (27)

Green space percentage in census area units

Green space percentage, n (%)

Low (0–<12%) 1672 (25) 6.87 (0.08)
Medium (12–<21%) 1652 (24)
High (21–<38%) 1764 (26)
Very High (38–100%) 1684 (25)

* The proportion of missing data for each variable is from 0.0 to 9.5%.

3.3. Interaction Tests for the Association of Green Space with Antenatal Depression

We did not find any interactions between green space and relevant factors while determining
the association between green space and antenatal depression (area deprivation (p = 0.07), physical
activity during the first trimester of pregnancy (p = 0.07), age (p = 0.09), physical activity after the
first trimester of pregnancy (p = 0.45), residential rurality (p = 0.75), self-identified ethnicity (p = 0.83),
and educational attainment (p = 0.94). We did not perform any subgroup analyses for groups of
physical activity after the first trimester of pregnancy, residential rurality, self-identified ethnicity,
and educational attainment. The p-values for interactions between green space and relevant factors,
such as area deprivation, physical activity during the first trimester of pregnancy, and age, were close
to significance; therefore, we performed subgroup analyses for different areas of deprivation, physical
activity during the first trimester of pregnancy, and age groups. The results of these subgroup analyses
were similar to those of the main analyses, and indicative of lacking associations between green space
and antenatal depression (data not shown).

3.4. Main Analyses for the Association of Green Space with Antenatal Depression for the Entire Cohort

Univariate logistic regression analysis revealed that exposure to medium, high, or very high levels
of green space was not associated with antenatal depression (unadjusted OR medium green space = 1.11
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(95% CI = 0.91–1.36); unadjusted OR high green space = 1.12 (95% CI = 0.92–1.36); and unadjusted OR
very high green space = 0.95 (95% CI = 0.77–1.17)) (Null Model). Similarly, no association was found
between exposure to green space and antenatal depression after accounting for all confounders. That is,
the fully adjusted multivariate regression analyses (Model 7) showed that exposure to medium, high,
or very high levels of green space was not associated with antenatal depression (adjusted OR medium
green space = 1.10 (95% CI = 0.89–1.35); adjusted OR high green space = 1.15 (95% CI = 0.94–1.41); and
adjusted OR very high green space = 1.21 (95% CI = 0.96–1.52)) (Table 2).

Table 2. Multilevel analyses for maternal exposure to green space during pregnancy and odds of
antenatal depression for the entire cohort used to assess the effect of green space on antenatal depression
from the Growing Up in New Zealand study cohort.

Association between Maternal Exposure to Green Space and Antenatal Depression (n = 6772)

Green Space
Percentage

Model 1 a Model 2 b Model 3 c Model 4 d

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Low 1.00 1.00 1.00 1.00
Medium 1.11 (0.91–1.36) 1.13 (0.92–1.39) 1.12 (0.91–1.37) 1.10 (0.90–1.35)

High 1.12 (0.92–1.36) 1.13 (0.93–1.39) 1.13 (0.92–1.39) 1.12 (0.92–1.38)
Very High 0.95 (0.77–1.17) 1.20 (0.97–1.49) 1.20 (0.96–1.48) 1.22 (0.98–1.51)

Green space
percentage

Model 5 e Model 6 f Model 7 g

OR (95% CI) OR (95% CI) OR (95% CI)

Low 1.00 1.00 1.00
Medium 1.11 (0.90–1.36) 1.10 (0.90–1.36) 1.10 (0.89–1.35)

High 1.14 (0.93–1.40) 1.14 (0.93–1.40) 1.15 (0.94–1.41)
Very High 1.22 (0.98–1.51) 1.20 (0.97–1.49) 1.21 (0.96–1.52)

a = unadjusted univariate; b = adjusted for maternal age and self-identified ethnicity; c = adjusted for maternal
age, self-identified ethnicity, smoking, and alcohol consumption during pregnancy; d = adjusted for maternal age,
self-identified ethnicity, smoking, alcohol consumption during pregnancy, pre-pregnancy general health status,
physical activity during the first trimester and remainder of pregnancy; e = adjusted for maternal age, self-identified
ethnicity, smoking, alcohol consumption during pregnancy, pre-pregnancy general health status, physical activity
during the first trimester and remainder of pregnancy, relationship status, and parity; f = adjusted for maternal
age, self-identified ethnicity, smoking, alcohol consumption during pregnancy, pre-pregnancy general health status,
physical activity during the first trimester and remainder of pregnancy, relationship status, parity, education, and
employment status; g = adjusted for maternal age, self-identified ethnicity, relationship status, parity, smoking,
alcohol consumption, general health status, physical activity during the first trimester and remainder of pregnancy,
education, employment status, residential rurality, area deprivation, and length of stay at current residence.

4. Discussion

4.1. Main Findings

The range of green space exposure for the participants in this study was similar to the range of
green space exposure found in previous studies conducted in New Zealand [31–33]. Additionally, in
this study, we observed a socioeconomic gradient in exposure to green space. That is, green space
decreased as area deprivation increased. This result is not different from what has been observed in
previous European studies that have investigated the relationship between exposure to green space
for women and adverse pregnancy outcomes of low birth weight and preterm birth [19,21]. Indeed,
similar results have been observed in a previous general population study from New Zealand; a study
of the association between exposure to green spaces and cause-specific mortality in adults from the
general population in New Zealand revealed a socioeconomic gradient in exposure to green space [32].
In the aforementioned New Zealand study, one unit increase in deprivation score resulted in a decrease
in green space of 11% [32].

The findings of the current study suggest that exposure to green space for the entire cohort of
women is not beneficial in decreasing the odds of antenatal depression. Additionally, this study could
not demonstrate that associations of green space with antenatal depression were stronger for specific
population subgroups.
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4.2. Comparison of Study Results with Previous Studies

We add to the already existing literature on green space and antenatal depression by exploring
the issue of whether green space exposure does or does not reduce the odds of depression during
pregnancy. Building on previous research on green space-depression relationships in women from
England [13], our New Zealand-based study investigated the green space-depression association for
a cohort (Growing Up in New Zealand) whilst controlling for confounders, including socioeconomic
status, and the length of stay at the current residence. This is the first study in New Zealand that has
accounted for self-selection bias for the association between exposure to green space and antenatal
depression utilizing the same cohort. The overall relationships in this study were not in the predicted
directions. We expected green space to be associated with a lower likelihood of antenatal depression
for the entire cohort of women. More importantly, we expected women who were physically active to
be less depressed than those who were not physically active. Similarly, we expected women with low
levels of education to be less depressed than those with medium or high levels of education.

McEachan and colleagues utilized the Born in Bradford cohort sample to examine the relationships
between exposure and access to green space for women and the odds of antenatal depression [13].
In the Born in Bradford Study, depression amongst the study participants was measured through
the administration of the General Health Questionnaires (GHQs). More specifically, a total of four
questions were answered on a four-point Likert scale (i.e., 0 to 3) by the study participants. A binary
variable, representing the likelihood of depression, was constructed and categorized as “depression”
(scores of 0 on all four questions) and “non-depression” (score of 1 on at least 1 question) [13].
In contrast with our study, the Born in Bradford study showed that women residing in the greenest
areas had a lower likelihood of antenatal depression when compared to those residing in the least
green areas (OR = 0.82 (95% CI = 0.69–0.98)) [13]. Additionally, the association between exposure to
green space and antenatal depression in the Born in Bradford cohort was independently identified
for women who had attained only low levels of education, as well as women who were physically
active throughout their pregnancy. Women with only low levels of education and living in the greenest
areas were less likely to develop antenatal depression than those living in least green areas (OR = 0.74
(95% CI = 0.59–0.94)) [13]. Those who had achieved the recommended levels of physical activity
during pregnancy (at least 150 min of moderate physical activity on average a week [51]) and lived
in the greenest areas were less likely to develop antenatal depression than those living in the least
green areas (OR = 0.63 (95% CI = 0.41–0.97)) [13]. The Born in Bradford study also showed that the
relationship between access to green space and antenatal depression was significant for the study
participants. Women who lived within 300 m of a major green space were 13% less likely to develop
antenatal depression than those who lived >300 m of a major green space [13]. That is, the fully
adjusted multivariate regression analyses revealed that women who lived within 300 m of a major
green space had lower odds for development of antenatal depression in comparison to those who
lived >300 m of a major green space (OR = 0.87 (95% CI = 0.77–0.99)) [13]. No significant green
space-depression associations were identified for specific pregnant population subgroups (e.g., those
with low levels of education or those who were physically active) while considering access to green
space [13]. Some explanations can be given for the contrasting results between our study and Born
in Bradford study. One possible explanation is the lack of environmental variation in green space in
New Zealand. In New Zealand, cities generally provide a high amount of green space [32,37,52,53].
The high levels of exposure to green spaces due to outdoor vacationing (camping) may be responsible
for a lack of variation in exposure to green spaces in New Zealand [27]. Richardson and colleagues
went so far as to suggest that, unlike in other places such as in England, green space is not an important
determinant of health in New Zealand as green space is everywhere, leading to a lack of variation in
exposure [32]. Another explanation for the differences in results between our study and the Born in
Bradford study is the inclusion of the neighborhood self-selection variable in the regression analyses.
We included the length of stay at the current residence variable as a surrogate for neighborhood
self-selection in our regression models whereas the Born in Bradford study did not [13]. However, over
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the last decade, there has been a housing shortage in Auckland, in particular, due to a failure in the
housing market. Therefore, the length of stay at the current residence may not be an ideal surrogate
measure of neighborhood self-selection.

We can also compare our study results to the results of prior general population studies on green
space-mental health carried out both within and outside of New Zealand. Our lack of association
between exposure to green space and antenatal depression for the entire cohort of women is consistent
with the results of a few general population studies on green space and mental health [24,28,54], but not
with others [26,27,31,40]. One cross-sectional study assessed the association between exposure to green
space and poor mental health in adults from the general population in New Zealand [31]. Poor mental
health was judged on the basis of the presence of a short form-36 mental health score in the lowest
quartile [31]. This study showed that exposure to green space was associated with lower odds of poor
mental health. That is, people residing in the greenest CAUs were less likely to report poor mental health
than those residing in the least green CAUs (OR = 0.81 (95% CI = 0.66–1.00)) [31]. Another general
population study in New Zealand examined the association between exposure/access to green space
and mental health amongst adults [27]. In this general population study, mental health was assessed
through a number of anxiety/mood disorder treatment counts, and this number included people
who had received secondary treatments for mental health disorders, or who had received subsidized
prescription drugs for anxiety/mood disorders, or those diagnosed for mental health disorders on the
basis of positive laboratory tests for lithium [27]. This study showed that both increases in access to
green space (defined as decreased distances to green spaces) and increases in exposure to green spaces
in residential environments were associated with decreased anxiety/mood disorder treatment counts.
Each decrease in distance to the nearest green space by 100 m was associated with a 3% reduction in
anxiety/mood disorder treatment counts [27]. Additionally, an increase in the proportion of greenness
in 3 km buffers around the residence by 1% resulted in a decrease in anxiety/mood disorder treatment
counts by 4% [27]. An Australian study investigated the association between exposure to green space
and mental health amongst adults from the general population [26]. In this green space-mental health
study, the participant’s mental health was assessed through the administration of the psychological
distress questionnaire which indicated psychological distress [26]. Each questionnaire consisted of
10 questions which were answered on five-point Likert scales (e.g., 1 = none of the time to 5 = all of the
time) [26]. Total scores of ≥22 were indicative of the presence of psychological distress [26]. Adults
residing in the greenest neighborhoods were less likely to develop psychological distress in relation to
those residing the least green neighborhoods (OR = 0.83 (95% CI = 0.76–0.92)) [26]. Additionally, people
living in the greenest neighborhoods were found to be less sedentary compared with people living
in the least green neighborhoods (OR = 0.81 (95% CI = 0.77–0.87)) [26]. A recent general population
cross-sectional study explored the association between exposure to green space and mental health of
residents in the state of Wisconsin, USA [40]. In this study, the mental health of the study participants
was accessed through the 42-item depression, anxiety, and stress scale, which indicated symptoms
of depression, anxiety, and stress [40]. The results showed that green space was associated with
less depression, anxiety, and stress. A 25% increase in the coverage of green space in the residential
environment was associated with a decreases in the scores for depression, anxiety, and stress by 1.379,
0.427, and 0.735 points, respectively [40]. A British longitudinal design study conducted in general
population adults investigated the association between exposure to green space and mental health
disorder of minor psychiatric morbidity [55]. The general health scores obtained from 12-item GHQs
were used to assess mental health statuses with higher scores indicating presence of minor psychiatric
morbidity [55]. The general health construct within a 12-item GHQ examined a range of questions on
mental health issues such as concentration, insomnia, lack of confidence, self-worthiness, happiness,
and depression [55]. Analysis of the green space-mental health associations showed that green space
exposure was beneficial for women aged >41 years of age resulting in a reduction in the mean GHQ
score [55]. The association of green space with minor psychiatric morbidity persisted until old age for
women, though beneficial only for exposure to moderate levels of green space, defined as 34–66% green
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space coverage in the small geographical areas of Wards [55]. In men, the associations of moderate
(34–66% green space coverage) and high levels (67–100% green space coverage) of green space with
minor psychiatric morbidity were seen in early adulthood appearing at 30 years, and these peak at
41–45 years. These associations remained till 60 years, after which they were not seen in old age [55].

A study of the associations between exposure to blue and green spaces (in terms of the visibility
of blue and green spaces) and psychological distress in adults in New Zealand failed to establish any
connection between exposure to green space and psychological distress [28]. In the aforementioned
New Zealand study, investigators assessed the mental health of the study participants through
psychological distress scale scores, with higher scores indicating presence of psychological distress [28].
This study showed that blue space visibility was associated with lower scores on psychological distress
scales (β = −0.28; p-value < 0.001), but green space visibility was not associated with lower scores on
psychological distress scales (β = −0.09; p-value = 0.455) [28]. This meant that each 10% increase in
blue space and green space visibility was associated with a decrease in psychological distress score by
0.28 and 0.09 points, respectively [28]. However, the investigators of this study did not include private
gardens in their classification of green spaces, or assess the quality of green spaces, nor control for the
length of stay at current residence in the regression analysis [28]. It is possible that their inclusion could
have resulted in significant associations between green space visibility and psychological distress [28].
A general population cohort study investigating the association between access to green space qualities
and poor mental health has also been carried out through the administration of a 12-item GHQs
in Swedish adults. This study showed that access to green space qualities for the entire cohort
(OR men = 1.10 (95% CI = 0.7–1.60); OR women = 1.10 (95% CI = 0.80–1.60)) was not associated with
the development of poor mental health [54]. However, women who had access to green space and were
also physically active were less likely to develop poor mental health, in comparison to women without
access to green space and who were physically inactive (OR women = 0.30 (95% CI = 0.10–0.90)) [54].
Study limitations included the use of a non-validated measure of physical activity and the use of
self-reported measures of access to green space qualities [54].

Considering all general population studies, it is possible to say that the directional trends for
the associations of green space with mental health outcomes across several studies is essentially
mixed. That is, there is a lack of consensus among general population studies conducted within
and outside New Zealand on the effect of green space on mental health outcomes. Most general
population studies conducted within and outside New Zealand suggest that exposure to green space
improves mental health outcomes [26,27,31,40], whilst some others have found no association between
exposure to green space and mental health outcomes [28,54]. One possible reason for the lack of
consensus between different mental health studies may be variation in the definition of mental
health. For example, mental health has been defined in various ways in general population studies,
such as poor mental health [31,54], minor psychiatric morbidity [55], psychological distress [26,28],
anxiety/stress/depression [24,40], and counts of anxiety/mood disorder [27]. Self-assessment of
mental health disorders in most general population studies [24,26,28,31,40,54,55], as opposed to
objective assessment of anxiety/mood disorder treatment counts in one general population study [27],
is another possible reason for the lack of consensus among the results of general population studies.
Nutsford and colleagues stated in their ecological study that objective assessment of mental health
status by measuring anxiety/mood disorder treatment count is a better method for assessing mental
health status than the subjective measure of anxiety/mood disorder [27].

4.3. Strengths and Limitations of This Study

In this study, we unraveled the current set of circumstances regarding the relationship between
maternal exposure to green space and the odds of antenatal depression during pregnancy after
adjusting for a multitude of confounders. Adjustments were done for important maternal confounders,
including age, physical activity, and socioeconomic status. Additionally, we accounted for selection bias
by including the variable “length of stay at current residence” in the regression models. Our sample
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size for the main analyses was comparable to the sample sizes used in previous general population
studies (442 [28]; 2479 [40]; 4924 [24]; 7552 [27]; 8157 [31]; 24,945 [54]; 65,407 [55] and 260,061 [26])
and one study on women (7547 [13]) that have investigated similar associations between exposure
to green space and depression or other mental health outcomes. Our sample size of 6772 women
gave sufficient statistical power in determining the association between exposure to green space
and antenatal depression, and to generalize our findings to the rest of the pregnant population of
New Zealand.

This study had some limitations. Due to the inherent cross-sectional nature of this investigation,
causality could not be determined. The CAUs varied significantly in size over the entire sample.
More precisely, the CAUs within the region of the Waikato District Health Board were large in size in
comparison with the CAUs within the regions of the Auckland and Manukau District Health Boards.
Therefore, exposure misclassification for the estimation of green space for large-sized CAUs could
not be ruled out. The possibility of green space exposure misclassification for large-sized CAUs was
reduced, at least in part, by performing multilevel analysis. Local Councils and LCDB do not capture
data on private gardens. Therefore, we could not include private gardens in classification of green
spaces in the current study. While it would have been helpful to investigate the role of access to green
spaces by determining distances between home addresses and local green spaces, we did not have the
data to do so (e.g., the data on home addresses and the data on road/path networks were not available).
Visits to, and time spent in green spaces, have been found to be linked to improvements in mental
health outcomes. For example, Magdalena van den Berg and colleagues have demonstrated that visits
to and time spent in green spaces are associated with better mental health and vitality scores [56].
In our study, we were not determining whether the participants of the Growing up in New Zealand study
visited and spend their time in green spaces for any reason (e.g., to establish social connections). Also,
we did not have data on the quality characteristics of green spaces (e.g., the safety, esthetics, amenities,
and level of maintenance of the area). It has been shown that quality of green space is one factor that
determines visits to and subsequent use of green space [57].

4.4. Future Directions

Future investigators could involve both objective measurements of access to green spaces by
determining distances to local green spaces through the use of roads (people living away from green
space often access their local green space through cars) or path networks (people living very close
to green space often access their local green space on foot) and the percentage green cover. Private
gardens could be included in classification of green spaces. The quality characteristics of the green
spaces could also be added as independent variables in the regression models. Gathering information
on visits to and time spent in green space is crucial for the determination of the mediators of the
association between green space and antenatal depression.

4.5. Comparison between Study Results of Papers Based on the Growing Up in New Zealand Cohort

Two previous pregnant population studies from New Zealand have also utilized the “Growing
Up in New Zealand” dataset as the data source [33,58]. These studies focused on the associations
between: (1) green space and physical activity [33], and (2) green space and pregnancy outcomes
of birth weight and gestational age [58]. Despite the lack of association between green space and
physical activity, the study of green space and physical activity concluded that exposure to green
space could result in better pregnancy health through increased participation in physical activity [33].
The study on green space and pregnancy outcomes of birth weight and gestational age concluded
that exposure to green space is not associated with either birth weight or gestational age, based on
the cohort as a whole [58]. However, associations for gestational age were found to be significant for
specific population subgroups [58]. The current study suggests that exposure to green space is not
beneficial for reducing antenatal depression based on either the cohort as a whole, or cohort-specific
population subgroups. One reason for the different conclusions could be due to confounding factors,
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as different sets of independent variables were available for inclusion into the regression models for the
different studies. In the study of green space and physical activity, only a few independent variables
were used, including age, ethnicity, education, employment status, NZDep2006, and preference for the
local lifestyle of the neighborhood [33]. It is possible that some degree of confounding adjustment was
not achieved. For example, residual confounding could not have been entirely omitted as we could not
control for body mass index due to missing data on body mass index. This meant that green space could
have affected physical activity in a positive way, by increasing the odds of participation in physical
activity [33]. In contrast, a large range of independent variables were available for the study looking at
green space and birth weight and gestational age [58]. These included gestational age, fetus gender,
maternal education, employment status, area deprivation, age, self-identified ethnicity, smoking,
alcohol consumption during pregnancy, antenatal depression, heart disease or high blood pressure
during pregnancy, diabetes mellitus during pregnancy, relationship status with biological father, birth
place, parity, lead maternity carer, residential rurality, and time lived in current neighborhood [58].
Similarly, in the current study, a large range of independent variables was available, including maternal
age, self-identified ethnicity, relationship status, parity, smoking, alcohol consumption, general health
status, physical activity during the first trimester and remainder of pregnancy, education, employment
status, residential rurality, area deprivation, and length of stay at current residence. It can therefore be
expected that confounding factors were controlled for to a greater extent in the pregnancy outcomes [58]
and in the present paper.

It must be noted that in the investigation of green space and pregnancy outcomes [58] subgroup
analyses suggested that exposure to green space was associated with gestational age for women with
low levels of education. In contrast, due to the lack of interactions between green space and relevant
factors, we did not perform subgroup analysis for the investigations of green space and physical
activity [33], and green space and antenatal depression. The interaction analysis may also go some
way to explaining the differences in outcomes from the three Growing Up in New Zealand studies.

5. Conclusions

The results of our study suggest that exposure to green space is not an important driver of better
mental health (i.e., less antenatal depression) across the cohort of women in our study. Our result
should be considered in the context of other studies by policymakers who are involved in policies on
the construction of new residential properties in areas of green space. It remains unclear as to whether
the provision of new residential areas in greener environments through urban planning could prove
beneficial to the mental health of women by lowering odds of antenatal depression and preventing
adverse health outcomes associated with antenatal depression. More studies focusing on pregnant
women are needed, in both similar and different social contexts, to determine the associations between
green space and antenatal depression, considering both exposure and access to green space.
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ArcGIS Aeronautical Reconnaissance Coverage Geographic Information System
CAU Census Area Unit
CI Confidence Interval
EPDS Edinburgh Postnatal Depression Scale
GHQ General Health Questionnaire
LCDB Land Cover Database
NZDep2006 New Zealand Deprivation Index 2006
OR Odds Ratio
SD Standard Deviation
USA United States of America
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