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A B S T R A C T

Introduction: In epidemiological studies, exposure to green space is inconsistently associated with being over-
weight and physical activity, possibly because studies differ widely in their definition of green space exposure,
inclusion of important confounders, study population and data analysis.
Objectives: We evaluated whether the association of green space with being overweight and physical activity
depended upon definition of greenspace.
Methods: We conducted a cross-sectional study using data from a Dutch national health survey of 387,195
adults. Distance to the nearest park entrance and surrounding green space, based on the Normalized Difference
Vegetation Index (NDVI) or a detailed Dutch land-use database (TOP10NL), was calculated for each residential
address. We used logistic regression analyses to study the association of green space exposure with being
overweight and being moderately or vigorously physically active outdoors at least 150 min/week (self-reported).
To study the shape of the association, we specified natural splines and quintiles.
Results: The distance to the nearest park entrance was not associated with being overweight or outdoor physical
activity. Associations of surrounding green space with being overweight or outdoor physical activity were highly
non-linear. For NDVI surrounding greenness, we observed significantly decreased odds of being overweight
[300 m buffer, odds ratio (OR) = 0.88; 95% CI: 0.86, 0.91] and increased odds for outdoor physical activity
[300 m buffer, OR = 1.14; 95% CI: 1.10, 1.17] in the highest quintile compared to the lowest quintile. For
TOP10NL surrounding green space, associations were mostly non-significant. Associations were generally
stronger for subjects living in less urban areas and for the smaller buffers.
Conclusion: Associations of green space with being overweight and outdoor physical activity differed con-
siderably between different green space definitions. Associations were strongest for NDVI surrounding green-
ness.

1. Introduction

Exposure to green space has been suggested to reduce the risk of
several adverse health outcomes by multiple pathways including phy-
sical activity (James et al., 2015). Green space could reduce the like-
lihood of being overweight by offering suitable spaces that encourage
physical activity (Hartig et al., 2014; Lee and Maheswaran, 2011).
Overweight and physical inactivity are important risk factors for car-
diovascular disease, diabetes and mental illness (Lachowycz and Jones,
2011).

Green space is inconsistently associated with physical activity and
being overweight, according to reviews of epidemiological studies

(Hartig et al., 2014; James et al., 2015; Lachowycz and Jones, 2011;
Bancroft et al., 2015; Nieuwenhuijsen et al., 2017; Durand et al., 2011;
Hansen et al., 2015; Mayne et al., 2015; Hunter et al., 2015). Green
space was negatively associated with being overweight in some studies
(Liu et al., 2007; Pereira et al., 2013), however in other studies, green
space was either not associated or positively associated with being
overweight (Mowafi et al., 2012; Richardson et al., 2013; Picavet et al.,
2016; Cummins and Fagg, 2012; Witten et al., 2008). These inconsistent
associations across studies have been attributed to the use of different
green space measures, the focus on quantity instead of quality and the
use of green space, different populations and definitions of physical
activity (e.g. self-reported vs. accelerometry, total versus vs. outdoor)
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and lack of control for important confounders (Lachowycz and Jones,
2011; James et al., 2015). Studies in large populations evaluating some
of these sources of heterogeneity are needed.

The most commonly used way to objectively assess exposure to
green space is to determine the greenness within a circular buffer of the
residential address (James et al., 2015). The radius of the buffers used
to define surrounding green space varied among studies and ranged
from 30 (McMorris et al., 2015) to 3000 m (Maas et al., 2008). Green
space within a buffer can be assessed by using the Normalized Differ-
ence Vegetation Index (NDVI) or by using national land-use databases
(James et al., 2015). Another common measure to determine exposure
to green space is the distance (Euclidian or network) of the residential
address to the nearest park entrance (James et al., 2015).

So far, only a few epidemiological studies have investigated the
effects of different types of green space (Hartig et al., 2014; Lee and
Maheswaran, 2011). Green spaces can be subdivided into publically
accessible and private green; or into natural, agricultural and urban
green. Variance in greenness within the surrounding area can also be
used as a measure (Pereira et al., 2013). In addition, most studies as-
sumed a linear association of exposure to green spaces with the health
outcome of interest (Shanahan et al., 2015) without providing in-
formation about the validity of this assumption. Non-linear associations
between green space and overweight and physical activity are plau-
sible. For instance, high levels of green space tend to be associated with
higher distances to facilities (e.g. shops, work). Distance is probably the
most important determinant for choosing an active or non-active mode
of transportation (Heinen et al., 2010). Assessing exposure-response
curves could provide information on how changes in quantity of green
space could affect overweight and physical activity (Shanahan et al.,
2015).

The goal of this cross-sectional study is to evaluate whether the
association between exposure to green space and being overweight
(body mass index (BMI) ≥ 25 kg/m2) and outdoor physical activity
depends on the definition of green space, adjustment for potential
confounders, population characteristics and assumed shape of the as-
sociation.

2. Methods

2.1. Study design and study population

This cross-sectional study was based on a national health survey
(Public Health Monitor 2012, PHM (Gezondheidsmonitor Volwassenen
GGD-en, CBS en RIVM)). The PHM covered issues related to personal
characteristics, lifestyle, socio-economic status (SES) and physical and
mental health status, and was conducted by 28 Public Health Services
(GGD-en), Statistics Netherlands (CBS) and the National Institute for
Public Health and the Environment (RIVM) in 2012. The response rate
of the PHM was 45–50%. In total, the PHM includes information on

387,195 citizens aged ≥ 19 years. The address of each subject was
geocoded; hence no individuals were excluded due to missing geocodes.
The study was approved by the authorized review board. More
information about the PHM can be found elsewhere (Statistics
Netherlands, 2015).

Statistics Netherlands has enriched the PHM with information on
standardized household income and country of origin. The PHM was
also linked with information on the degree of urbanization and neigh-
borhood SES (four-digit postal code). The degree of urbanization con-
sists of five categories ranging from very strongly urban to non-urban.
This indicator is based on the average address density within a radius of
one kilometer (Den Dulk et al., 1992). Neighborhood SES represents the
educational, occupational and economical status of the neighborhood
and is derived by the Netherlands Institute for Social Research (SCP)
(Knol, 1998). A high neighborhood SES score indicates a high SES of the
neighborhood; a low score indicates a low SES of the neighborhood. We
used the 2002 neighborhood SES score.

2.2. Outcome definition

Self-reported height and weight were used to calculate the body
mass index (BMI (kg/m2)) for each subject. In line with previous work,
BMI was used as a binary outcome (BMI ≥ 25 kg/m2) (Ellaway et al.,
2005; Pereira et al., 2013; Richardson et al., 2013; Cummins and Fagg,
2012).

Questions related to physical activity, were divided into physical
activity for commuting purposes, physical activity at work or school,
household physical activity, leisure time physical activity and sport
including the type of sports. For each of the aforementioned types of
physical activity, subjects reported the number of days per week and
the average number of minutes per day that they spent, in a regular
week in recent months, on that type of physical activity.

The WHO recommends at least 150 min/week of moderate to vig-
orous physical activity. Hence, we defined activities of light and mod-
erate-vigorous intensity based on WHO-guidelines (WHO, 2010). Be-
cause we hypothesized that green space only encourages physical
activity that can be done outdoors, we used “outdoor physical activity”
as our physical activity outcome measure. We defined outdoor physical
activity as all moderate and vigorous physical activities that can be
done outdoors (physical activity for commuting purposes, leisure time
physical activity (walking, cycling, gardening), and outdoor sports).
The remaining moderate to vigorous physical activities were defined as
indoor physical activity. More information about the definition of
outdoor and indoor physical activity can be found in the supplement (1.
Description of physical activity definitions).

To estimate the association between green space and the probability
of meeting the WHO activity recommendations with outdoor physical
activity alone, we classified outdoor physical activity as a binary out-
come (being moderately-vigorously physically active outdoors for at
least 150 min/week or not). We also used outdoor physical activity as a
continuous outcome (min/week).

2.3. Green space exposure assessment

Since there is no clear conceptual model from which relevant green
space exposure measures can be defined, we used different green space
exposure measures consistent with previous epidemiological studies.
We used three different indicators of exposure to green space: 1) net-
work distance (distance along roads) to the nearest entrance of a park,
2) NDVI surrounding greenness, i.e. average NDVI within a circular
buffer of the participant's residential address and 3) a land-use database
showing surrounding green spaces, i.e. the proportion of green space
within a circular buffer of the participant's residential address. The
NDVI and land-use databases were assessed in buffers of various sizes (a
radius of 100, 300, 500, 1000 and 3000 m).

Analyses to determine green space exposures were performed in
ArcGIS 10.2.2 (Esri, Redlands, CA, USA).

2.3.1. Network distance to park entrance
To determine the network distance between a residential address

and the nearest park or public garden (in the remainder of the article
referred as “park”) entrance, we used a land classification database of
the Netherlands (‘Bestand Bodemgebruik’, CBS and Kadaster, 2010).
This database contains fewer land-use categories than TOP10NL, used
to define surrounding green space (Section 2.3.3), but it has a ‘Park and
public garden’ terrain class. These parks can be smaller than 0.5 ha and
are located within cities and villages. With a detailed map covering
roads and paths of the Netherlands in 2013 (“OpenStreetMap”,
OpenStreetMap Contributors, 2013), we identified all locations where
roads and paths crossed the border of a park. These points represented
entrances of parks and were used to perform (network) service area
analyses in ArcGIS. A service area is an area that encloses all accessible
streets within a specified network distance. We created service areas of
the park entrances of 100, 200, 300, 400, 500 and 1000 m and labeled
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