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AbsTrACT
background Postpartum weight gain is a well-known 
challenge for many mothers, but associations with green 
space quantity and quality have not been investigated.
Methods This longitudinal study used data on 3843 
mothers living in Australia tracked biennially for 15 years 
post partum from 2004 onwards. Multilevel growth curve 
models adjusted for confounding were used to examine 
the patterning of body mass index (BMI) in relation to 
green space quantity, measured by percentage land use, 
and green space quality, measured by self-report. Two-
way interaction terms were fitted to investigate time-
contingent associations between BMI and green space.
results Compared with mothers in areas with 
≤5% green space, adjusted BMI coefficients were 
−0.43 kg/m2 (SE 0.37), −0.69 kg/m2 (SE 0.32) −0.86 kg/
m2 (SE 0.33) and −0.80 kg/m2 (SE 0.41) among mothers 
in areas with 6%–10%, 11%–20%, 21%–40% and 
≥41% green space, respectively. There were no 
independent associations between BMI and green 
space quality. Evidence suggested mothers living in 
areas with 21%–40% green space had the lowest BMI, 
whether they agreed that local parks were good quality 
(−0.89 kg/m2 (SE 0.34)) or not (−0.93 kg/m2 (SE 0.35)). 
Mothers in the greenest areas only had statistically 
significantly lower BMI if they perceived local parks as 
high quality (−0.89 kg/m2 (SE 0.41)). There was limited 
evidence that these associations varied with respect to 
the number of years post partum.
Conclusion These findings may suggest that urban 
greening strategies to achieve a threshold of at least 
21% or more green space in an area may help reduce, 
but not fully prevent postpartum weight gain. Potential 
mechanisms warrant investigation.

InTroduCTIon
There is increasing interest internationally among 
some public policymakers, health sector deci-
sion-makers and scientists of the health benefits of 
residential green space.1–3 This is both in terms of 
the quantity of green space as well as its quality. 
Interest is especially strong with regard to preven-
tion of overweight and obesity, which is a major 
driver of many preventable chronic non-commu-
nicable diseases, such as cardiovascular disease 
and type 2 diabetes. Some work has investigated 
whether lower body mass index (BMI) is found 
among people who reside in areas with more 
green space,4–8 with some reporting corroborative 
evidence.5–7 A subset of these studies indicates that 
the benefits may be stronger for women compared 
with men (eg, ref 7). Potential mechanisms are 
likely to include promotion of physical activity and 

reduction in sedentary behaviour (‘instoration’), 
and components of the ‘restoration’ and ‘mitiga-
tion’ domain pathways.3 For example, some studies 
report a lower risk of short sleep among people in 
greener neighbourhoods,9–11 which may protect 
against negative affect,12 poor diet13 and weight 
gain.14 15 Longitudinal evidence on green space 
quantity and BMI is, however, limited to a handful 
of studies (eg, refs 5 8) and none have examined to 
what extent the quality of green space might matter 
for preventing weight gain.

The lack of empirical attention to green space 
quality reflects a general absence of data on a 
subject that is likely to be contingent on a range 
of subjectivities and personal experiences that 
affect what people value. These may, in turn, mani-
fest variation in the potential transactions that 
occur within green spaces and, henceforth, varia-
tion in potential weight gain. For example, women 
who have recently given birth might have more 
specific requirements of green spaces that cater to 
both them and their children, such as good quality 
amenities, well-maintained footpaths and safe play 
areas. Although similar qualities might apply across 
the board, it is plausible that for some population 
groups such as women in the postpartum period, 
these qualities may be salient to such a degree that 
a large quantity of green space nearby judged to be 
poor quality may have marginal value.

No studies thus far have examined to what extent 
green space quantity or quality is associated with 
potential prevention of weight gain among women 
in the postpartum period. This is surprising, given 
that weight gain and retention of weight during the 
postpartum period is recognised as a major health 
issue.16–18 Some recent studies suggest that it is 
common for gestational weight gain to predict over-
weight and obesity among women for up to 10–15 
years post partum among those who had a ‘normal’ 
BMI by WHO standards pre-pregnancy.19–22

Accordingly, the aim of this study was to track 
BMI in a residentially stable cohort of women from 
approximately 0–15 years post partum and to assess 
associations with measures of green space quantity 
and quality. There was a specific interest on exam-
ining the contingency of any associations between 
BMI and green space quantity and quality with the 
number of years post partum, acknowledging that 
prevention of weight gain would be likely to mani-
fest gradually through time.

MeThods
A cohort of mothers was extracted from the Longi-
tudinal Study of Australian Children (LSAC), a 
birth cohort that has tracked approximately 10 000 
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children and their parents (mostly their mothers) biannually 
from 2004.23 The LSAC was sampled from Medicare, which 
is the Australian Government’s provider of universal health-
care and lists all permanent residents and citizens. Sampling 
and recruitment involved a two-stage clustered design that 
was representative of postcodes stratified by state and territory 
and by capital city statistical division versus rest of the state 
in 2004, ensuring representation of urban, regional and rural 
communities. Letters were posted to the households of parents 
who were randomly selected from the sample postcodes, with 
50.4% recruited, 37.5% opting out and 15.2% were uncon-
tactable. Response rates to data collection were >90% initially 
and remained high at 79%–80% by wave 5, likely due to the 
use of face-to-face interviews. Data were also collected using 
mail-out and leave-behind surveys, anthropometric measure-
ments, time-use diaries and interviewer observations. More 
in-depth information on all aspects of the LSAC is available in 
the data user guide.24

Two cohorts of children and their parents were followed up 
from 2004 onwards: (1) the ‘baby cohort’ aged 0–1 year at base-
line; and (2) the ‘kindergarten’ cohort aged 4–5 years at baseline. 
The current study focused on the mothers of these children in 
both cohorts who were the primary survey respondents tracked 
up to five more waves after baseline in the years 2006 (children 
aged 2–3 years and 6–7 years), 2008 (4–5 years and 8–9 years), 
2010 (6–7 years and 10–11 years), 2012 (8–9 years and 12–13 
years) and 2014 (10–11 years and 14–15 years). For the purposes 
of this study, the sample was restricted to 4259 mothers who 
did not change neighbourhood during this period. This sample 
was further restricted to 3843 mothers who had complete infor-
mation on height and weight data for purposes of calculating 
BMI. Counts of mothers by survey wave were as follows: 2004 
(n=3317); 2006 (n=2832); 2008 (n=3034); 2010 (n=3357); 
2012 (n=3397); and 2014 (n=3302).

Green space quantity and quality
The green space quantity variable was based on the percentage 
of land use within a ‘Statistical Area 2’ of residence occupied by 
‘parkland’ (excluding agricultural land) according to the Austra-
lian Bureau of Statistics (ABS) 2006 meshblock classification. A 
Statistical Area 2 was designed by the ABS to represent local 
communities functional areas containing commercial and trans-
port hubs in areas outside of cities, with populations of 10 000 
on average, ranging from 3000 to 25 000.25 Previous research 
has analysed this green space quantity variable in studies of 
adolescent mental well-being and general health, BMI, phys-
ical activity and asthma,26–32 but not in studies of psychological 
distress, physical activity and BMI among women in the post-
partum period. This indicator of green space quantity was cate-
gorised into potentially policy-relevant intervals based around a 
real-world example, used in Perth (Western Australia), in which 
10% of all subdivisible land has been allocated to parks and 
other open spaces.33 These categories were as follows: <5%; 
6%–10%; 11%–20%; 21%–40%; and ≤41%.

Green space quality was self-reported on a Likert scale by all 
mothers in each wave in response to the following statement: 
‘there are good parks, playgrounds and play spaces in this neigh-
bourhood.’ This statement has the advantage of not imposing a 
priori definitions of what does or does not constitute a quality 
green space, leaving the judgement on what quality-related 
factors each parent perceives to be most valuable for them to 
decide. Likert scale responses were re-expressed as (1) do not 
agree, (2) agree, or (3) strongly agree.

Some prior research has indicated that green space quality and 
quantity may be correlated,29 34 with larger green spaces being 
more likely to contain a wider range of amenities and attractions 
that appeal to a broader cross-section of residents. A third vari-
able was created through cross-classification of the abovemen-
tioned measures in an attempt to disentangle potential effects of 
green space quantity and quality on prevention of weight gain. 
To avoid problems attributable to small cell sizes, this hybrid 
variable involved expressions of green space quality as ‘do not 
agree’ compared with ‘agree or strongly agree’ within each 
stratum of green space quantity.

bMI and adjustment for confounding
BMI was derived from self-reported height and weight. A range 
of factors may contribute to the probability that a mother lives 
in an area with a particular amount of green space and BMI 
was examined. The most important relate to socioeconomic 
circumstances and geographic remoteness, which are known 
to correlate with BMI and may also influence local green space 
quantity and quality.35–37 The Socio-Economic Indexes for Areas 
relative index of social disadvantage38 and the Accessibility/
Remoteness Index of Australia39 were used to adjust for area-
level socioeconomic circumstances and geographic remoteness. 
Person-level socioeconomic circumstances were adjusted using 
indicators of highest educational qualification, economic status 
(eg, employed, unemployed) and a binary variable denoting 
whether a woman had self-identified as Aboriginal or Torres 
Strait Islander, given the major socioeconomic disadvantages 
they are known to experience.40 Additional adjustment was 
made for whether or not each mother reported that the study 
child had a sibling and if there were any new births during the 
study period, both of which may influence weight gain and 
neighbourhood selection.

statistical analysis
Descriptive tables were used to explore the patterning of BMI 
and other variables with respect to green space quantity. Missing 
data on the outcome were omitted. Missing covariate data were 
modelled using additional categories. BMI was fitted with multi-
level linear regression growth curve models in MLwIN V.3.0041 
to account for clustering with three levels: (1) year-specific 
observations; (2) mother; and (3) area (Statistical Area 2). A 
‘null’ model was initially set up to examine the variance partition 
coefficient. All confounding variables were then added (model 
1), with each mother’s age and the number of years post partum 
fitted as mean-centred variables. Square and cubic terms for each 
of these variables were also included to explore for potential 
curvilinear associations. This was followed by testing of associ-
ations for each of the three green space variables (models 2–4). 
Contingency in potential associations between BMI and each of 
the green space variables with respect to the number of years 
post partum was then investigated using two-way interaction 
terms. Predicted means from the fully adjusted models were 
plotted to illustrate these trajectories.

resulTs
The mean BMI of the sample was 26.1, which varied by one full 
BMI point on average between mothers living in the greenest 
(25.9%) and least green (26.9%) strata (table 1). This variation 
is also reflected in the prevalence of overweight and obesity 
(defined as a BMI>25.0 by the WHO). Perceptions of nearby 
green space as poor quality appeared to be ‘U’ shaped with 
respect to green space quantity, although strong agreement that 
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Table 1 Descriptive statistics

Total 

Green space quantity 

Χ2 P value ≤5% 6%–10% 11%–20% 21%–41% ≥41% 

n 19 239 3908 3121 5388 4690 2132

Mean body mass index 26.1 26.9 26.2 25.8 25.8 25.9

Overweight or obese (Column percentages)

  No 52.17 45.62 52.1 54.42 54.63 53.19

  Yes 47.83 54.38 47.9 45.58 45.37 46.81 90.246 <0.001

Good parks nearby (Column percentages)

  Disagree 18.5 26.2 17.0 16.4 14.8 20.4

  Agree 4.7 5.1 4.2 4.6 4.6 5.0

  Strongly agree 76.8 68.7 78.8 79.0 80.6 74.7 231.459 <0.001

Years since childbirth (Column percentages)

  0–1 8.2 8.6 8.0 8.2 8.1 8.0

  2–3 6.8 7.0 6.3 7.0 6.9 6.8

  4–5 16.5 16.5 17.0 16.6 16.1 16.2

  6–7 16.1 15.8 16.4 16.2 16.1 16.1

  8–9 16.7 16.9 16.5 16.5 16.8 16.4

  10–11 17.4 17.5 17.3 17.4 17.4 17.4

  12–13 9.3 9.1 9.4 9.3 9.4 9.6

  14–15 9.0 8.7 9.2 8.8 9.3 9.5 7.040 1.000

Age group (years) (Column percentages)

  18–34 19.7 23.2 19.0 18.9 18.6 18.4

  35–49 29.3 30.2 30.1 28.8 28.7 28.8

  40–44 30.4 29.2 31.0 30.4 31.0 30.2

  ≥45 20.7 17.5 20.0 21.9 21.6 22.6 66.294 <0.001

Indigenous status (Column percentages)

  No 98.7 98.5 99.2 98.7 98.5 98.3

  Yes 1.3 1.5 0.8 1.2 1.4 1.7

  Not stated 0.0 0.0 0.0 0.1 0.1 0.0 17.710 0.024

Highest qualification (Column percentages)

  Postgraduate 16.8 12.4 20.8 18.6 17.5 13.0

  Undergraduate 59.9 59.4 58.1 59.0 61.3 62.8

  Year 11–13 15.4 18.1 14.7 15.4 13.8 15.1

  ≤Year 10 7.8 10.1 6.3 6.8 7.5 9.1

  Other 0.1 0.0 0.0 0.2 0.0 0.1 200.649 <0.001

Economic status (Column percentages)

  Employed 74.1 75.0 74.5 72.6 74.1 75.8

  Economically inactive 23.7 22.6 23.5 25.4 23.8 21.8

  Unemployed 2.1 2.3 2.0 1.9 2.1 2.3

  Not stated 0.1 0.1 0.0 0.1 0.0 0.1 20.036 0.066

New birth (Column percentages)

  No 93.3 92.7 93.3 92.8 94.0 94.1

  Yes 6.7 7.3 6.7 7.2 6.0 5.9 10.527 0.032

Sibling(s) present (Column percentages)

  No 10.1 9.6 10.8 10.4 9.4 11.0

  Yes 89.9 90.4 89.2 89.6 90.6 89.0 7.346 0.119

Area disadvantage (Column percentages)

  Affluent 34.2 12.4 42.6 41.4 40.7 29.7

  Average 33.8 33.1 32.2 31.0 39.5 32.1

  Disadvantaged 32.0 54.5 25.3 27.6 19.9 38.1 1800.000 <0.001

Remoteness (Column percentages)

  Major cities 65.0 37.3 78.9 71.6 74.9 56.9

  Inner regional 21.0 36.7 13.2 12.7 18.9 29.2

  Outer regional or remote 14.0 26.1 7.9 15.7 6.2 14.0 2200.000 <0.001

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jech.bm

j.com
/

J E
pidem

iol C
om

m
unity H

ealth: first published as 10.1136/jech-2018-211133 on 23 January 2019. D
ow

nloaded from
 

http://jech.bmj.com/


298 Feng X, Astell-Burt T. J Epidemiol Community Health 2019;73:295–302. doi:10.1136/jech-2018-211133

research report

Table 2 Multilevel growth curve models of body mass index and associations with the number of years since childbirth, green space quantity and 
quality, adjusted for confounding

Model 1 Model 2 Model 3 Model 4

Fixed part Coefficient (SE)

Intercept 25.976 (0.190) 26.588 (0.308) 26.004 (0.196) 26.610 (0.318)

Years since childbirth (mean centred) 0.444 (0.039) 0.442 (0.039) 0.448 (0.039) 0.442 (0.039)

Years since childbirth2 0.012 (0.004) 0.012 (0.004) 0.008 (0.004) 0.012 (0.004)

Years since childbirth3 −0.006 (0.002) −0.006 (0.002) −0.007 (0.002) −0.006 (0.002)

Mother’s age (mean centred) −0.020 (0.018) −0.019 (0.018) −0.020 (0.018) −0.019 (0.018)

Indigenous status (ref: no)

  Yes 2.726 (0.694) 2.775 (0.694) 2.726 (0.694) 2.782 (0.693)

Highest qualification (ref: postgraduate)

  Undergraduate 0.198 (0.119) 0.197 (0.119) 0.197 (0.119) 0.197 (0.119)

  Year 11–13 0.062 (0.159) 0.061 (0.159) 0.064 (0.159) 0.060 (0.159)

  ≤Year 10 0.068 (0.197) 0.064 (0.197) 0.068 (0.197) 0.066 (0.197)

  Other −0.460 (2.055) −0.414 (2.055) −0.449 (2.055) −0.432 (2.056)

Economic status (ref: employed)

  Economically inactive 0.166 (0.052) 0.166 (0.052) 0.165 (0.052) 0.165 (0.052)

  Unemployed −0.065 (0.120) −0.065 (0.120) −0.065 (0.120) −0.067 (0.120)

Area disadvantage (ref: affluent)

  Average 0.023 (0.066) 0.020 (0.066) 0.021 (0.066) 0.020 (0.066)

  Disadvantaged −0.023 (0.084) −0.030 (0.084) −0.025 (0.084) −0.031 (0.084)

Remoteness (ref: major cities)

  Inner regional 0.278 (0.274) 0.127 (0.280) 0.275 (0.274) 0.129 (0.280)

  Outer regional or remote 1.041 (0.323) 0.888 (0.328) 1.038 (0.323) 0.890 (0.328)

New birth (ref: no)

  Yes 0.158 (0.068) 0.158 (0.068) 0.161 (0.068) 0.159 (0.068)

Sibling(s) present (ref: no)

  Yes −0.193 (0.092) −0.194 (0.092) −0.190 (0.092) −0.197 (0.092)

Green space quantity (ref: <5%)

  6%–10% −0.425 (0.368)

  11%–20% −0.688 (0.317)

  21%–40% −0.857 (0.330)

  ≥41% −0.797 (0.406)

Good quality parks (ref: do not agree)

  Agree 0.126 (0.103)

  Strongly agree −0.028 (0.055)

Green space quantity × good quality parks (ref: <5%)

  ≤5% × agree −0.026 (0.103)

  6%–10% × disagree −0.561 (0.392)

  6%–10% × agree −0.417 (0.377)

  11%–20% × disagree −0.696 (0.338)

  11%–20% × agree −0.709 (0.327)

  21%–40% × disagree −0.910 (0.353)

  21%–40% × agree −0.870 (0.339)

  ≥41% × disagree −0.588 (0.431)

  ≥41% × agree −0.873 (0.414)

Random part Variance (SE)

  Level 3: area (SA2) 2.010 (0.392) 1.892 (0.384) 2.006 (0.393) 1.898 (0.384)

  Level 2: mother 26.969 (0.688) 26.988 (0.688) 26.964 (0.688) 26.975 (0.688)

  Level 1: time 3.952 (0.045) 3.952 (0.045) 3.951 (0.045) 3.951 (0.045)

−2*log likelihood 94 605.73 94 597.52 94 602.97 94 592.90

SA2, Statistical Area 2.
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Table 3 Multilevel growth curve models of body mass index and 
interactions between the number of years since childbirth, green space 
quantity and quality, adjusted for confounding

Model 5 Model 6 Model 7

Fixed part Coefficient (SE)

Intercept 26.594 (0.308) 26.011 (0.196) 26.619 (0.318)

Years since childbirth (mean 
centred)

0.471 (0.043) 0.503 (0.044) 0.516 (0.053)

Years since childbirth2 0.012 (0.004) 0.009 (0.004) 0.013 (0.004)

Years since childbirth3 −0.006 (0.002) −0.008 (0.002) −0.006 (0.002)

Mother's age (mean centred) −0.019 (0.018) −0.020 (0.018) −0.019 (0.018)

Indigenous status (ref: no)

  Yes 2.781 (0.694) 2.726 (0.694) 2.790 (0.693)

Highest qualification (ref: postgraduate)

Undergraduate 0.198 (0.119) 0.193 (0.119) 0.196 (0.119)

  Year 11–13 0.071 (0.159) 0.066 (0.159) 0.070 (0.159)

  ≤Year 10 0.062 (0.197) 0.081 (0.197) 0.075 (0.197)

  Other −0.413 (2.055) −0.403 (2.055) −0.439 (2.056)

Economic status (ref: employed)

  Economically inactive 0.165 (0.052) 0.165 (0.052) 0.164 (0.052)

  Unemployed −0.067 (0.120) −0.058 (0.120) −0.064 (0.120)

Area disadvantage (ref: affluent)

  Average 0.009 (0.067) 0.018 (0.066) 0.009 (0.067)

  Disadvantaged −0.031 (0.084) −0.021 (0.084) −0.029 (0.084)

Remoteness (ref: major cities)

  Inner regional 0.126 (0.280) 0.271 (0.274) 0.127 (0.280)

  Outer regional or remote 0.887 (0.328) 1.032 (0.323) 0.884 (0.328)

New birth (ref: no)

  Yes 0.157 (0.068) 0.159 (0.068) 0.156 (0.068)

Sibling(s) present (ref: no)

  Yes −0.192 (0.092) −0.181 (0.092) −0.188 (0.092)

Green space quantity (ref: <5%)

  6%–10% −0.427 (0.368)

  11%–20% −0.694 (0.317)

  21%–40% −0.862 (0.330)

  ≥41% −0.805 (0.406)

Good quality parks (ref: do not agree)

  Agree 0.344 (0.201)

  Strongly agree −0.046 (0.055)

Green space quantity × good quality parks (ref: <5%)

  ≤5% × agree −0.043 (0.104)

  6%–10% × disagree −0.569 (0.392)

  6%–10% × agree −0.434 (0.377)

  11%–20% × disagree −0.691 (0.338)

  11%–20% × agree −0.727 (0.327)

  21%–40% × disagree −0.930 (0.353)

  21%–40% × agree −0.888 (0.339)

  ≥41% × disagree −0.606 (0.431)

  ≥41% × agree −0.894 (0.414)

Years since childbirth × green space quantity

  Years × 6%–10% −0.010 (0.029)

  Years × 11%–20% −0.039 (0.025)

  Years × 21%–40% −0.037 (0.026)

  Years × ≥41% −0.070 (0.032)

Years since childbirth × good quality parks

  Years × agree −0.128 (0.063)

Continued

Model 5 Model 6 Model 7

  Years × strongly agree −0.065 (0.022)

Years since childbirth × green space quantity × good quality parks

  Years × ≤5% × agree −0.060 (0.042)

  Years × 6%–10% × disagree −0.039 (0.063)

  Years × 6%–10% × agree −0.059 (0.044)

  Years × 11%–20% × 
disagree

−0.005 (0.054)

  Years × 11%–20% × agree −0.099 (0.041)

  Years × 21%–40% × 
disagree

−0.081 (0.058)

  Years × 21%–40% × agree −0.081 (0.041)

  Years × ≥41% × disagree −0.035 (0.067)

  Years × ≥41% × agree −0.132 (0.047)

Random part Variance (SE)

  Level 3: area (SA2) 1.889 (0.384) 2.002 (0.393) 1.893 (0.384)

  Level 2: mother 26.992 (0.688) 26.963 (0.688) 26.980 (0.688)

  Level 1: time 3.950 (0.045) 3.949 (0.045) 3.947 (0.045)

−2*log likelihood 94 591.39 94 592.72 94 577.62

SA2, Statistical Area 2.

Table 3 Continued

local parks were good quality was lowest among mothers in the 
areas with the least green space. There did not appear to be any 
pattern between green space quantity and the number of years 
since childbirth, economic status or the presence of siblings. 
Greener areas tended to have a higher percentage of older 
mothers, mothers with undergraduate degrees, mothers living 
in urban and/or affluent areas and with a lower prevalence of 
new births.

Approximately 7.2% and 79.8% of the total variance in BMI 
within the null model was between areas and between mothers, 
respectively. BMI rose in a curvilinear fashion as the number of 
years since childbirth increased (table 2, model 1). Mothers who 
self-identified as indigenous, economically inactive or had more 
than one child (including a new birth during the time period) 
had higher BMI on average. Compared with the mothers living 
in areas with ≤5% green space, those in areas with at least 
11%–20% green space had lower BMI on average (table 2, 
model 2). The largest statistically significant effect size for 
mothers living in areas containing between 21% and 40% green 
space. In contrast, replacing the green space quantity indicator 
with the measure of quality revealed no statistically significant 
associations with BMI (table 2, model 3). This non-association 
between BMI and green space quality was also mostly reflected 
in the analysis of the cross-classified green space quantity/quality 
indicator (table 2, model 4), except for mothers living in areas 
with ≥41% green space, for whom perceptions of quality did 
make matter for the effect size and statistical significance.

The association between BMI and green space quantity was 
found to be mostly not contingent on the number of years post 
partum, except for mothers in the greenest areas for whom the 
rate of increase in BMI overtime was slightly lower in compar-
ison to their peers in the least green areas (table 3, model 5). 
There was also some evidence for a time-contingent association 
between green space quality and BMI, with no statistically signif-
icant differences in the early years but with some suggestion of 
an emerging protective association through time (table 3, model 
6). This tendency for a lower rate of increase in BMI over time 
was also observed for the cross-classified green space quantity/
quality variable (table 3, model 7). The predicted means from 
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Figure 1 Mean body mass index among women from 1 to 15 years post partum by age, in relation to green space quantity and quality, predicted 
from adjusted multilevel models.

models 5–7 are shown in figure 1, in which the time-contin-
gent trajectories in BMI with respect to green space quantity and 
quality are illustrated.

dIsCussIon
It was hypothesised that women in the postpartum period with 
higher quantity and especially those with good quality resi-
dential green space would benefit in terms of reduced weight 
gain. Second, it was anticipated that the benefits of both green 
space measures would likely take time to manifest. The results 
provided partial support to hypothesis 1, with statistically 
significantly lower BMI observed among mothers living in areas 
with at least 21%–40% green space, compared with those with 
≤5%. Surprisingly, no associations were identified between BMI 
and green space quality, except within the context of areas with 
≥41% green space, wherein only those mothers who perceived 
local parks were good quality had statistically significantly lower 
BMI. There was little evidence to suggest that these associations 
varied meaningfully across the study period, suggesting that 
more green space may promote lower BMI, but may not help to 
prevent postpartum weight gain.

Strengths and limitations of this study warrant discussion. 
On limitations, this is an observational study so interpretation 
of these associations as causal effects must be made with the 

utmost caution. The green space quantity variable was based on 
the area of residence, not buffers calculated around the exact 
location of residence, which may have diluted the effect esti-
mate of green space quantity indicator. However, this limita-
tion would not have affected the non-associations with green 
space quality, which was self-reported and limited to a single 
question. It is plausible that were specific questions available 
regarding more specific qualities of green spaces that mothers 
may value, such as whether there were good quality amenities, 
attractive spaces to meet with friends or simply restorative places 
to relax in, different results may have been found. That said, on 
strengths, to our knowledge this analysis of a cohort of mothers 
with respect to green space quantity and quality and potential 
prevention of postpartum weight gain is the first study of its 
kind so far. Use of multilevel growth curve models has afforded 
an explicit insight into potentially time-contingent associations 
between BMI trajectories and indicators of green space quantity 
and quality. The study drew on some of the best data available 
from communities across the whole of Australia.

The findings from this study corroborate with some of those 
previously reported. A systematic review of evidence published 
between 2000 and 2010 found 13 studies of green space and 
BMI, all from the USA, Canada and Europe.4 In the studies 
which examined adults, some observed lower odds of obesity 
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What is already known on this subject

 ► Postpartum weight gain is a well-known challenge for many 
women. Some research has indicated that residential green 
space may contribute to lower body mass index (BMI), but 
there have been few longitudinal studies on this subject 
generally and none to have examined the potential benefits 
of green space quantity and quality for prevention of 
postpartum weight gain.

What this study adds

 ► Women in areas with more green space, more so than higher 
quality green space, tended to have lower BMI, but this did 
not prevent postpartum weight gain. A threshold of at least 
21% or more green space in an area could be a potential 
target for promoting healthier weight status.

among people living in greener areas (eg, ref 42) and these find-
ings have been supported by more recent work,5–7 though not 
all.8 Most of the prior work on green space quantity and BMI 
has been of cross-sectional design and no study has examined 
women in the postpartum period explicitly, so on these points 
our study extends the literature significantly. It is also one of the 
few studies to have been conducted outside Europe and North 
America on this subject more generally. Another advancement 
to the literature that has policy relevance is the indication of a 
potential non-linearity between BMI and green space quantity. 
Our findings suggest that at least 11%–20% green space may be 
needed to elicit a protective effect of greenery on BMI among 
women in the postpartum period. The results also indicate that, 
again for women in the postpartum period, it may be that the 
strongest benefits and, therefore, the optimal quantity for inclu-
sion in planning guidelines, is for neighbourhoods to contain 
21%–40% green space (as indicated by the strongest effect size). 
This policy-relevant observation aligns with work published 
from the same data set that concluded 21%–40% green space 
quantity promoted the most favourable levels of mental well-
being across childhood,29 but is less than the amount suggested 
may be optimal in other studies (eg, for diabetes prevention43).

The lack of any substantive association between BMI and 
green space quality, given the results for green space quantity, 
was quite unexpected. Interactions with green space are argued 
to be transactional,44 in that the frequency and intensity of 
those interactions are likely to depend on to what extent people 
regard those green spaces, large and small, as representing and 
containing the things that enable them to do what they value. On 
this basis, a measure of green space quality ought to trump quan-
tity when assessed in relation to a health outcome that involves 
some degree of agency, as is the case with BMI (although the 
causes of weight status are multifaceted and physical inactivity 
is but one contributor to the risk of becoming overweight or 
obese). This view is further supported by some research that 
found weak correlations when comparing measures of subjective 
with objective access to green space (eg, ref 45). So why was 
green space quantity important but not quality? We have at least 
two reflections that may help us to shed some light on these 
apparently contradictory results.

Our first reflection is that multiple pathways from green space 
exposures to BMI may be relevant and as a result of becoming 
better known, will hopefully lead to a deprioritising of the role 
of agency and a more holistic view on how the health benefits 
associated with green space can be accrued among policymakers 
and scientists alike. Perhaps the most intuitive pathway between 
green space and BMI is physical activity, wherein greener envi-
rons are said to exert a gravitational pull for outdoor physical 
recreation.3 Through this lens, green space is viewed as a pleasant 
setting for the building of capacities, such as via walking and 
more vigorous exercise. For this pathway, however, and perhaps 
contrary to popular opinion, the benefits of green space do not 
have to involve being physically within the green space. It may 
be that a well-maintained topographically even path running 
along the perimeter of a park with significant tree canopy or 
low-lying foliage is equally if not more attractive for walking, 
jogging and cycling than a less well-maintained, topographically 
more varied path within the park. Perhaps especially for the 
sample of mothers with young children in this study who might 
be pushing prams and walking with their children. This may 
have a social contagion effect wherein walkable environments 
and destinations that people have reason to walk to intermesh 
with green spaces in order to facilitate more liveable communi-
ties with stronger perceptions of safety and more opportunities 

for outdoor recreation and social capital formation. There is 
evidence that green spaces promote effortless relaxation through 
visual contact rather than exclusively via emersion within a green 
setting. But a person does not strictly need to be able to see a 
green space in order to accrue some benefit, such as restoration 
from hearing soundscapes associated with biodiversity (eg, bird-
song) and the cooling of heat island effects common to cities 
in warmer regions of the world. In other words, people do not 
necessarily have to like, nor be able to see green space per se 
in order to benefit from its presence. These pathways between 
green space and BMI are likely to interact within positive feed-
back loops and exert a compound protective effect on BMI and 
a range of health outcomes in synergy. As such, it seems highly 
likely that we routinely under-estimate the health benefits of 
green space.

This argument leads into our second reflection, specifically on 
the issue of quality. The range of attributes that people value 
about a green space does not necessarily always have to be good 
for health. Some aspects of a green space that might be consid-
ered markers of good quality for some people might include free 
Wi-Fi connectivity, barbecue facilities, significant car parking 
and the availability of cafes and restaurants within green spaces 
that have ample undercanopy seating. What makes a green 
space good quality for some people does not necessarily mean 
that those attributes are good for health. It may also be that the 
presence of some factors that many people feel is essential for a 
quality green space actually counts negatively in the perceptions 
of other people. For example, it would not be surprising to find 
that green spaces which score highly in terms of the qualities 
that support participation in sports activities (eg, large open 
grassy spaces such as a cricket oval, football pitch or outdoor 
concert venue) also score poorly in terms of the qualities that 
support restoration (eg, secluded surroundings with lots of trees 
and gardens). So while the quality measure used in this study 
has the benefit of permitting each respondent to give an assess-
ment of green space quality according to the factors that matter 
for them, the inclusion of subsequent questions in the survey 
on what specific elements of those green spaces are most salient 
would be a way to enhance future studies.

In conclusion, these reflections are intended to imply that 
good quality green space does not necessarily always need to 
equate with good health, perhaps contrary to popular opinion in 
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the literature. This is evidently an important avenue for further 
research that aims to advance understandings of what types of 
green spaces matter for whom and, indeed, how green spaces 
might be restored and redesigned to optimise population health 
and well-being.
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