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Chapter 5 | Residential Greenness and Mental Health: Time Spent on Visiting Green Spaces as Mediator

Abstract
Objective
The objective of the current study was to explore whether time spent visiting green space
near home acts as a mediator in the association between level of residential greenness and
perceived mental health.
Methods
Questionnaire data and satellite data of residential greenness were gathered in four European
cities (total n = 3748): Barcelona (SP), Doetinchem (NL), Kaunas (LT) and Stoke-on-Trent (UK).
Results
Mediation analyses showed that time spent visiting green space near home was a weak, but
statistically significant, mediator in the pooled data and in the Dutch sample only.
Conclusions
The findings provide little support for the hypothesis that purposeful visits are a mediator
linking indirectly greenness with mental health. More research is needed to explore other
mediators related to different exposure pathways, such as visual exposure, and alternative
mechanisms, such as (perceived) safety.
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Introduction
Many epidemiological studies have shown that exposure to greenness in the immediate residential environment is positively associated with mental health (Gascon et al., 2015; James et
al., 2015; van den Berg et al., 2015). Several mechanisms have been proposed that may explain
this association. Residential greenness or green space, such as trees, forests and urban parks,
have a potential for psychological restoration (Kaplan, 1995; Ulrich et al., 1991). Many experimental studies have indicated that exposure to natural or green environments, as opposed
to built environments, positively affects mood and helps people to recover from stress and
mental fatigue (Bowler et al., 2010; Bratman et al., 2012; Health Council of the Netherlands,
2004). Furthermore, two indirect pathways have been suggested through which green space
might contribute to health, i.e. through proving suitable spaces for leisure activities and for
meeting people, thereby, promoting physical activity and facilitating social contacts (Dadvand
et al., 2016; de Vries et al., 2013; Hartig et al., 2014; Maas et al., 2009a; Maas et al., 2009b). A
growing number of epidemiological studies have investigated these indirect pathways, including several studies on mediation (see for reviews e.g. Hartig et al., 2014; James et al., 2015).
However, the evidence supporting this is still inconclusive (Hartig et al., 2014). One reason
might be that a variety of measures of greenness have been used and none of them do capture
actual use of green space, which could be a better indicator of exposure to greenness than the
level of greenness per se.
Several researchers have suggested that purposeful visits to green space in the residential
environment play an important role in explaining health benefits of green space (Bedimo-Rung
et al., 2005; Hartig et al., 2014; Lachowycz and Jones, 2013). However, some studies have
provided indications for exposure to greenness which is not related to visits. The finding that
streetscape greenery, i.e. small green spaces such as gardens and street trees visible from the
home, was more strongly associated with mental health than nearby green spaces, suggests
a direct pathway of exposure , for example through visual exposure from windows at home
(van Dillen et al., 2011). Another study found that mental health benefits were associated
with surrounding greenness in a circular buffer of 300 m around the residence, but not with
presence of one or more green areas, such as urban parks and forests, in the same buffer
(Triguero-Mas et al., 2015). This finding supports the possibility of a direct pathway of exposure. A possible explanation is that visual exposure to greenness from, for example, windows
at home or during commuting or other ways of unintentional use of green space may provide
restoration (Hartig et al., 2014; Kaplan, 1995). Overall, there could be important differences
between greenness indicators, which links to different way of with greenness. In particular,
the importance of indirect pathways of exposure is not yet clear: do people have to visit green
space on purpose for obtaining mental health benefits from greenness in their immediate
residential environment? The aim of the present study was to explore whether time spent
visiting green space near home mediates the greenness – mental health association.

05
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Time spent on visiting green space
Few studies have focussed on the association between the frequency and duration of visits to
green space and mental health. These studies have reported that visiting green space more
frequently and spending more time in green space was associated with lower perceived stress
levels (Grahn and Stigsdotter, 2003; Nielsen and Hansen, 2007; Stigsdotter et al., 2010) and
better mental health and vitality (van den Berg et al., 2016). A Danish study found that the
number of visits to green space decreased with greater distance and that the number of visits
partly explained the negative association between distance to green space and stress levels
(Nielsen and Hansen, 2007), suggesting that purposeful visits to green space near home is
an exposure pathway. To date, there is evidence linking self-reported distance to green space
with visit frequency, and visit frequency and time spent in green space with better mental
health. No studies have investigated whether time spent visiting green space near home, i.e. in
the immediate residential environment, mediates the association between level of residential
greenness, objectively measured by the Normalized Difference Vegetation Index (NDVI), and
mental health.
Several individual and cultural factors may influence time people spent on visiting green
space, such as opportunity and motivation, perceptions of green space quality and safety
(Lachowycz and Jones, 2013). Climatic factors may influence the time people spent visiting
green space in different seasons. Cultural factors that influence perceptions of green space and
attitudes to visit green space, and towards nature in general, might even more important than
having green spaces available and easily accessible (Lin et al., 2014). Therefore, it is expected
that the importance of time spent on visiting green space as a mediator may differ between
cities in European countries with different culture and climate.
The present study builds on previous analyses by van den Berg et al. (2016) and is part
of the EU-FP7-funded “Positive Health Effects of the Natural Outdoor Environment in Typical Populations in Different Regions in Europe” (PHENOTYPE) project. The main objective of
the present study is to investigate whether time spent on visits to green space near home
mediates the association between the level of residential greenness and mental health, and
whether this association differs across cities.

Methods
Study background and data collection
Data for this study were derived from a questionnaire administered as part of the PHENOTYPE
project. The study protocol has been described elsewhere (Nieuwenhuijsen et al., 2014). All
procedures have been approved by ethical committees of the respective research institutes.
126
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Data were collected from 3947 adult residents from 124 neighbourhoods across four
European cities: Barcelona (Spain); Kaunas (Lithuania); Doetinchem (the Netherlands) and
Stoke-on-Trent (UK). In Doetinchem, Barcelona and Stoke-on-Trent the questionnaire data
were collected with face-to-face interviews, while in Kaunas postal questionnaires were
conducted. A summary of the spatial units that were used for area selection can be seen in
Supplementary Table S5.1. The spatial units in Barcelona are much smaller in physical size than
in the other cities. However, the population density of Barcelona is much higher. Furthermore,
Doetinchem is the smallest city, both in size and in study population. Approximately 30 spatial
units with sufficient variability in proximity to green space and in socioeconomic status (SES)
were selected in each city. A random sample of 30 – 35 adults was drawn from the general
population aged 18 – 75 years in each spatial unit. For further details on the area and population selection see van den Berg et al. (2016).

05

Questionnaire
Most questions were derived from existing and validated measures, and some were developed
for the specific objectives of PHENOTYPE. Where new questions were developed, they were
drafted in English and translated (and back translated) into Dutch, Spanish and Lithuanian.
The following subset of questions was used for this study:
Mental health: A subscale from The Medical Outcome Study Short Form (SF-36) general
health survey was used to measure perceived mental health (Ware and Sherbourne 1992).
The 5-items mental health subscale, also known as MHI-5, assesses nervousness and feelings
of depression in the last month. All items were scored on a 6-point scale and sum scores were
transformed into a scale from 0-100, where a higher score reflects better mental health.
Frequency and duration of visits to green space near home: Visit frequency was measured
by asking “how often did you visit in the last 4 weeks on purpose the green/blue environment
near home your home (i.e. at less than 15 minutes by foot/bike). This item was scored on a
5-point scale (never; 1 time or less in past month; 2-3 times in past month; 1-4 times weekly to
(almost) daily). Visit duration was assessed by asking “how much time did you spend in green
or blue environments near home in the last 4 weeks (per visit)”. This was scored on a 4-point
scale (<1 hours, 1-2 hours, 3-5 hours, 6-10 hours). A new variable was constructed to obtain
the total hours spent in green space near home in the last 4 weeks. The mid-points for each
response category was used for visit frequency and duration and they were then multiplied
to provide total hours spent in green space near home in the last 4 weeks (e.g. less than 1
times/month was coded as 0.5 times/month and less than 1 hours/month was coded as 0.5
hours/month). “Never” and “not applicable “ answers for visit frequency were recoded as zero
hours in the past month. Because of its skewed distribution, the variable time spent on visits
to green space near home was dichotomized around the median (4 hours for pooled data,
specific median values for the city data, see Table 5.1). Although the questions included visits
127
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to both green and blue space, the analyses only assessed mediation in the associations with
the level of residential greenness.
Socio-demographic characteristics: To adjust for the socio-economic status of the respondent, level of education (primary school or no education; secondary school/ further education;
university degree or higher), perceived income situation (cannot make ends meet; just have
enough to get along; being comfortable) and work status (employed/unemployed) were included as key confounders. Furthermore, the models were controlled for gender, age (in years)
and household composition (with children younger than 12 years/ other) and, only for the
pooled data analyses, also for city.
Level of residential greenness: The normalized difference vegetation index (NDVI) was used
to represent the level of vegetation or greenness around the participants’ residence on a 300
m Euclidean (straight-line) buffer. The NDVI is based on the land surface reflectance of visible
(red) and near-infrared wavelength of light indicating the density of healthy (i.e. photosynthetically active) green leaf vegetation. Values range from - 1 to +1, with values below zero
corresponding to water bodies, and values between zero and 0.1 corresponding to barren
areas of rock, sand or snow. Moderate values (0.2 to 0.3) refer to shrub and grassland, while
high values (0.6 to 0.8) represent temperate and tropical rain forests (Weier and Herring,
2011). It is assumed that the 300 m straight-line buffer captures the immediate residential
area that includes most of the nearby green spaces. The NDVI measure has shown to be highly
correlated with expert ratings of neighbourhood greenness in both low and high-density areas
(Rhew et al., 2011). Another justification for using NDVI as a measure of overall level of greenness is that previous findings of associations with mental health often were stronger and more
consistent using surrounding greenness measures such as amount of green space and NDVI
compared to green space access measures such as number of green spaces or presence of a
nearby green space (Gascon et al., 2015). Furthermore, previous studies have shown that the
frequency of green space visits declines sharply after 300 – 400 m of distance (Giles-Corti et al.,
2005; Grahn and Stigsdotter, 2003; Nielsen and Hansen, 2007). NDVI values were derived from
Landsat 8 satellite images provided at 30 m x 30 m spatial resolution. Four cloud-free images
were chosen such to cover the entire study region for each city and to represent the greenest
season within the relevant study period. The selected images were from the following dates:
16th April 2013 for Barcelona area, 21st April 2011 for Stoke-on-Trent, 21st July 2013 for the
Netherlands East, and 8th June 2011 for Kaunas. Cells with large water bodies were excluded
and mean NDVI values (scores 0 – 1) were calculated as estimations of greenness in a circular
buffer around the geocoded address of the residence of each participant.

Statistical analyses
Multilevel linear and logistic regression analyses were performed to investigate the associations
between the residential greenness and mental health, and to assess mediation. The multilevel
128
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figure 5.1: Conceptual model of mediation of the study exploring mediation of time spent on visits to green
Figure 5.1: Conceptual model of mediation of the study exploring mediation of time spent on visits to green
space near home (hours per month; variable dichotomized around the median value ) in the association bespace near home (hours per month; variable dichotomized around the median value ) in the association
tween the residential greenness (NDVI within a straight-line buffer of 300 m) and mental health as a score on the
between the residential greenness (NDVI within a straight-line buffer of 300 m) and mental health as a
0-100 MHI-5 scale. The numbers are the comparable regression coefficients and standard errors (see MacKinnon
score on the 0-100 MHI-5 scale. The numbers are the comparable regression coefficients and standard
and Dwyer, 1993) presenting the results for Doetinchem, i.e. significant mediation indicated by the product of
errors (see MacKinnon and Dwyer, 1993) presenting the results for Doetinchem, i.e. significant mediation
the a- and b-coefficients (0.13 x 0.50) = 0.07, 95% CI 0.00-0.13, p = 0.046 based on the Sobel test of significance
indicated by the product of the a- and b-coefficients (0.13 x 0.50) = 0.07, 95% CI 0.00-0.13, p = 0.046 based
of the mediated effect (p<0.05). The models were adjusted for gender, age, level of education, perceived inon
the Sobel test of significance of the mediated effect (p<0.05). The models were adjusted for gender, age,
come,
status andincome,
household
with/without
children
< 12 years;with/without
a random intercept
was< included
level
ofemployment
education, perceived
employment
status
and household
children
12 years;to
account
for
neighbourhood
clustering.
a random intercept was included to account for neighbourhood clustering.

analyses account for the dependency of data collected within neighbourhoods. Therefore, two
levels were included: individual and neighbourhood. Including a random intercept significantly
improved the regression model. The models were also tested with addition of a random slope,
but this did not improve the models and therefore was not included. City was not included as
a third level in the pooled data analyses, because the number of cities was too low. Instead,
to adjust for the dependency of data collected within cities the variable “city” was added to
the model as a potential confounder. All models were adjusted for the following potential confounders: gender, age, level of education, perceived income, employment status, household
composition with/without children younger than 12 years.
Mediation analysis tests whether an independent variable influences the outcome variable
directly or indirectly through a mediating variable (Hayes, 2013; MacKinnon, 2008). Mediation analysis consisted of the following three regression steps (Figure 5.1): i) the association
between the level of residential greenness and mental health, estimating the unstandardized
regression coefficient c (the total effect); ii) the association between the level of residential
129
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greenness and the potential mediator, estimating the unstandardized regression coefficient
a (a-path); iii) the association between the level of residential greenness and mental health,
while including the potential mediator (b-path), estimating the unstandardized regression
coefficient b as a measure of the independent effect of the mediator on mental health and the
unstandardized regression coefficient c’ as a measure of the direct effect on mental health. The
size of the indirect or mediated effect was represented by the product of a and b coefficients;
i.e. the product-of-coefficients approach (see Figure 5.1; MacKinnon, 2008). Because the potential mediator was transformed into a dichotomous variable (based on city-specific median
values), the regression coefficients resulting from the logistic and linear regression steps were
on different scales. To make them comparable, the coefficients were multiplied by the standard
deviation (SD) of the independent variable (X) in the regression equation and then divided by
the SD of the outcome variable (MacKinnon and Dwyer, 1993). The spreadsheet tool created
by Nathaniel Herr (version February 2006) was used to compute the comparable regression
coefficients, and the indirect effect (ab) and its standard deviation. The Sobel test was used
to test whether an intervening variable was a significant mediator. Significance was set at the
p < 0.05 level. The percentage of the mediated effect was estimated as ab/(ab+c’) x100%. All
regression analyses were conducted in MLwiN version 2.22.

Results
Study population
Supplementary Table S5.2 presents data on recruitment methods and response rates for each city.
The aim was to use similar recruitment methods, but there were some limitations in practice which resulted in differences in response rates between the four cities. In Barcelona, the
response rate was 46.9%, in Stoke-on-Trent 36.9%, in Doetinchem 8.4% and Kaunas 21.3% .
The response rate in the pooled dataset was 19.8%.
After cleaning the database and excluding cases with missing data on key variables (mental
health, frequency and duration of visits to green space near home), the pooled database
consisted of 3765 participants. Table 5.1 shows the number of participants for each city and
the characteristics of the study populations. It shows that some of the personal characteristics
varied significantly between the four cities. The Kaunas study population was on average
the oldest and most educated, while the employment rate was lowest compared to the
other study populations. Furthermore, the mean mental health score was significantly lower in
Kaunas and Barcelona compared to Doetinchem. The median value of time spent visiting green
space near home was lowest in Stoke-on-Trent and highest in Doetinchem, while the level of
residential greenness, measured as the mean NDVI value, was lowest in Barcelona and highest
in Doetinchem and Kaunas. Additional information collected in the current study showed that
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Table 5.1: Characteristics of the study population: pooled data and data for the cities separately.
All cities
pooled
Total N

Barcelona Stoke-on-Trent
Spain
UK

Doetinchem
Netherlands

Kaunas
Lithuania

3765

1030

1002

837

896

Age (18-75 years), Mean (SD)
Missing, n

51.2 (16.2)
53

44.9 (15.5)
9

45.8 (16.1)
43

56.3 (12.2)
0

59.3(14.3)
1

Male (=1), n (%)
Missing, n

1674 (44.5)
0

483(46.9)
0

529 (52.8)
0

364(43.5)
0

354(39.5)
1

271 (7.2)

148 (14.4)

96 (9.8)

10 (1.2)

17 (1.9)

Medium

1655(44.0)

398 (38.8)

635 (64.8)

394 (47.1)

228 (25.4)

High

1813(48.2)

481 (46.8)

249(24.9)

432 (51.7)

651 (72.7)

26

3

20

1

0

2315 (61.5)

700(68.0)

653(65.2)

510 (60.9)

452 (50.4)

0

0

0

0

0

Level of education, n (%)
Low

Missing, n
Employed (vs. not), n (%)
Missing, n

05

Perceived income situation, n (%)
Cannot make ends meet

379(10.1)

124(12.6)

73 (8.2)

144 (17.4)

38 (4.7)

Enough to get along

1755 (46.6)

490 (49.6)

431 (48.6)

250 (30.2)

584 (72.1)

Comfortable

1377(36.6)

373(37.8)

382 (43.1)

4304(52.4)

188 (23.2)

254

43

116

9

86

Missing, n
Household composition, n (%)
children < 12
no children < 12
Missing, n
Transformed mental health (sum score
scale 0-100), Mean (SD)
Missing, n
Time spent in green spaces near home
(hours/month) Median [IQR]
Missings, n
Residential greenness (NDVI 300 m straightline buffer) Median [IQR]
Missings, n

564 (15.0)

191 (18.6)

203 (20.5)

126 (15.1)

44 (4.9)

3177 (84.4)

834 (81.4)

785 (79.5)

711 (84.9)

847 (95.1)

24

5

14

0

5

73.5 (16.2)

70.9 (15.9)

73.3 (16.5)

0

0

0

0

0

4 [0.3-12] 3.8 [0.0-12]

1 [0.0-10]

10 [1.4-12]

4 [0.3-12]

12

101

157

10

34

0.38
[0.16-0.55]

0.19
[0.16-0.25]

0.47
[0.42-0.52]

0

0

0

80.1 (13.5) 70.6 (17.0)

0.53
0.54
[0.48-0.60] [0.49-0.59]
0

0

Note: SD = Standard Deviation; N/n = number of respondents; IQR = Interquartile range

the percentage of respondents that was dissatisfied with the safety and quality of green space
differed significantly between the cities (see Supplementary Table S5.3). Also having a dog
differed between the four cities: in Kaunas more than half of the respondents had a dog, while
in Doetinchem and Barcelona, this was less than a quarter.
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Association between the level of residential greenness and mental health
(c-path)
The first step in the mediation analysis was to assess the association between the level of
residential greenness and mental health. Table 5.2 shows the results of the crude and the adjusted multilevel linear regression models (step 1). The level of residential greenness was not
significantly associated with mental health, neither in the pooled data nor in the data of the
four cities separately. Conducting mediation analysis is still justified because the overall association might be cancelled out by multiple mediators and opposing mechanisms. As advocated
by several authors in the technical literature on mediation: there is no need for a statistical
significant c-path to establish mediation or an indirect effect, which can be demonstrated by
testing whether the product of the a- and b-coefficients is statistically significant (Hayes, 2009;
Shrout and Bolger, 2002; Zhao et al., 2010).

Association between the level of residential greenness and time spent visiting
green space as mediator (a-path)
The second step in the mediation analysis was to assess the association between the level
of residential greenness and the potential mediator, i.e. time spent visiting green space near
home. Table 5.3 shows the results of the crude and the adjusted multilevel logistic regression
models. The analysis with the pooled data showed that a 0.1 increment in NDVI was significantly associated with a 22% higher odds of spending 4 hours or more (i.e. the median value of
pooled data) visiting green space near home in the last 4 weeks. The analyses per city showed
that the associations between the level of residential greenness and time spent visiting green
space near home were only significant in Barcelona and Doetinchem: a 0.1 increment in NDVI
was associated with 41% and 32% (respectively) higher odds of spending time visiting green
space near home in the last 4 weeks based on the city specific median values of 3.8 hours
(Barcelona) and 10 hours (Doetinchem).

Association between level of residential greenness and mental health
controlling for time spent visiting green space near home (b-path)
For the third step in the mediation analysis, the association between the level of residential
greenness and mental health was controlled for the potential mediator, i.e. time spent visiting
green space near home. The resulting regression coefficients (b and c’) are presented in Table
5.2 (adjusted model step 3). Time spent visiting green space near home was significantly associated with mental health, independent of surrounding greenness, in the pooled data as well
as in Barcelona, Stoke-on-Trent and Doetinchem (using city specific median values for visiting
time), but not in Kaunas. The strongest association was found for Stoke-on-Trent (a = 3.42). In
132
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Table 5.2: Multilevel linear regression of residential greenness (X; NDVI 300 m straight-line buffer) on mental
health (Y; 0 – 100 scale; higher is better mental health), step 1(c-path) and 3 (b-path) of testing mediation for
time spent on visits to green space near home (M) : unstandardized regression coefficients, standard error and
95% confidence intervals.
Crude model1 Adjusted
Adjusted model step 3
model step 1 (b-path X, M → Y )3
(c-path, X→Y)2
c (se)
95% CI

c (se)
95% CI

c’(se)
95% CI

10.65 (2.80)
5.16-16.13

3.28 (3.77)
-4.10-10.66

2.46 (3.76)
-4.91-9.83

b1(se)
95% CI

Pooled data, n = 3765
Residential greenness
Time spent visiting green space near home, M
1 = more than 4.00 hours/month

1.77 (0.54)
0.72-2.82*

05

Barcelona (Spain,) n = 1030
Residential greenness

2.81 (8.63)
-14.10-19.72

4.40 (7.47)
-10.23-19.03

2.58 (7.53)
-12.18-17.34

Time spent visiting green space near home, M
1 = more than 3.8 hours/month

2.59 (0.99)
0.65-4.53*

Stoke-on-Trent (UK), n = 1002
Residential greenness

13.10 (9.76)
-6.03-32.24

4.16 (10.02)
-15.49-23.80

5.32 (9.84)
-13.97-24.61

Time spent visiting green space near home, M
1 = more than 1.00 hours/month

3.42 (1.14)
1.19-5.65*

Doetinchem (Netherlands), n= 837
Residential greenness

12.09 (5.59)
0.11-2.30

7.29 (5.30)
-3.10-17.68

5.72 (5.30)
-4.67-16.11

Time spent visiting green space near home, M
1 = more than 10.00 hours/month

2.23 (0.90)
0.47-3.99*

Kaunas (Lithuanian), n =896
Residential greenness
Time spent visiting green space near home, M

-10.03 (7.95)
-25.61-5.55

-6.74 (8.19)
-22.79-9.31

-7.20 (8.17)
-23.21-8.81
1.88 (1.21)
-0.49-4.25

*

p <0.05
	including random intercept
2	
adjusted for gender, age, level of education, perceived income, employment, household with/without children
< 12 years and city
3
	adjusted for gender, age, level of education, perceived income, employment, household with/without children
< 12 years and time spent visiting green space near home (potential mediator M); pooled data also adjusted for
city
1

the pooled data and in the city specific data of Barcelona and Doetinchem, the c’-coefficients
indicating direct effects were substantially smaller than the c- coefficients indicating total effects This suggests that mediation occurred.
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Table 5.3: Multilevel logistic regression of the level of residential greenness (NDVI 300 m circular buffer) on time
spent visiting green space near home (M), step 2 (a-path): unstandardized regression coefficients with standard
error, Odds Ratio’s (for additional 0.1 NDVI) with 95% confidence intervals for adjusted model only.
Crude model1

Adjusted model step 2:
Time spent visiting green spaces, M1
(a-path, Xà M)2

a (se)

a (se)

OR (95% CI)

1.70(0.39)

2.00 (0.54)

1.22 (1.10-1.36)*

3.51 (1.38)

3.43 (1.39)

1.41 (1.07-1.85)*

-0.48 (1.48)

-1.11 (1.46)

0.89 (0.67-1.19)

2.82 (0.81)

2.08 (0.83)

1.32 (1.05-1.45)*

1.84 (0.95)

0.89 (1.02)

1.09 (0.90-1.33)

Pooled data n= 3765
Residential greenness
Barcelona (Spain) n= 1030
Residential greenness
Stoke-on-Trent (UK) n= 1002
Residential greenness
Doetinchem (Netherlands) n= 837
Residential greenness
Kaunas (Lithuanian) n= 986
Residential greenness
*

p <0.05
	including random intercept
2	
adjusted for gender, age, level of education, perceived income, employment status, household with/without
children < 12 years; pooled data also adjusted for city
1

Mediation (ab-path)
Table 5.4 shows the calculated comparable coefficients of the c-, a- and b-paths. The mediated
effect, indicated as comp a*comp b, was significant for the pooled data (comp a* comp b 0.08,
95% CI 0.02 – 0.13; p = 0.014) and in Doetinchem (comp a*comp b 0.07, 95% CI 0.00-0.13; p
= 0.046). Time spent visiting green space near home was a significant mediator.in the pooled
data, the proportion of the total effect mediated was 28 percent, while, in Doetinchem, this
was 23 percent. Figure 5.1 presents the results for Doetinchem in the conceptual model of
mediation. In Barcelona, the mediated effect seemed stronger (comp a *comp b 0.10, 95%
CI -0.01 – 0.2) than in Doetinchem (the proportion of the total effect mediated by time spent
visiting green spaces was 48 percent), although this was not statistically significant (p=0.072).
The results for Stoke-on-Trent and Kaunas showed that the direction of the indirect effect (a
x b) was different from that of the total effect pointing to inconsistent mediation. This means
that the indirect and direct effect tend to cancel each other out, indicating that the mediator
acts as a suppressor variable (MacKinnon, 2008; Zhao et al., 2010).
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-0.26 (0.32)

0.33 (0.24)

0.18 (0.42)

0.04 (0.04)

0.13 (0.04)

-0.05 (0.06)

0.18 (0.07)

0.17 (0.05)

comp a(se)2

0.45 (0.29)

0.50 (0.20)

0.67 (0.22)

0.57 (0.22)

0.43 (0.13)

comp b(se)3

0.02 (0.02)

0.07 (0.03)

-0.03 (0.04)

0.10 (0.06)

0.08 (0.03)

comp a* comp
b(se)4

-0.03 – 0.06

0.00-0.13*
p = 0.046

-0.12 – 0.05

-0.01 – 0.22
p = 0.07

0.02 – 0.13*

95%CI of comp
a*comp b

% mediated
effect6
28

48

inconsistent
mediation
23

inconsistent
mediation

comp c’(se)5
0.19 (0.29)

0.11 (0.33)

0.16 (0.30)

0.22 (0.21)

-0.25 (0.29)

All models were adjusted for gender, age, level of education, perceived income, employment status and household with/without children < 12 years; pooled data also for city
a random intercept was included to account for neighbourhood clustering; *p < 0.05; for calculations of the comparable unstandardized regression coefficients and standard
errors see MacKinnon and Dwyer (1993)
1
	estimate of the comparable total effect of level of residential greenness (X) on the outcome (y’)
2	
estimate of the comparable effect of residential greenness (X) on the mediator (M’)
3
	estimate of the comparable effect of the mediator (M) on the outcome (Y’’) when adjusted for level of residential greenness (X)
4
	the product of comparable a and b estimates the indirect or mediated effect; * Sobel test of significance of the mediated effect (p<0.05)
5
	estimate of the comparable direct effect of residential greenness (X) on the outcome (Y’’),adjusted for the mediator (M)
6
	percentage of the mediated effect is estimated by ab/(ab+c’) x100%

Time spent visiting green space near home
Median 4.00 h

Kaunas (Lithuanian)

Time spent visiting green space near home
Median 10.00

Doetinchem (Netherlands)

Time spent visiting green space near home
Median 1.00

Stoke-on-Trent (UK)

Time spent visting green space near home
Median 3.8 h

0.23 (0.40)

0.33 (0.25)

Time spent visiting green space near home
Median 4.00 h

Barcelona (Spain)

comp c (se)1

Mediator

Pooled data

Table 5.4: Mediation effects of time spent visiting green space near home (M; variable dichotomized around the median value) on the association between the level of residential greenness measured as NDVI within a straight-line buffer of 300 meters and mental health.
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Discussion
Main findings
The objective of the present study was to explore whether time spent visiting green space
near home, as a proxy of exposure, mediates the association between the level of residential
greenness (300 m straight-line circular buffer) and mental health. Results showed that, despite
a lack of an overall association, time spent visiting green space near home was a statistically
significant mediator in the pooled data as well as in the Dutch city (Doetinchem). However, the
mediation effect (i.e. indirect effect) was small and was not demonstrated in the other three
cities. For Barcelona, there was a trend for a mediating effect, but this was not significant, while
a statistically significant association was found between the level of residential greenness and
the hypothesized mediator (a-path). For Stoke-on-Trent , an association was found between
the mediator and mental health (b-path), but no association was found between the level of
residential greenness and the tested mediator (a-path). For Kaunas, both a- and b-paths were
not statistically significant.
Explaining the null findings (c-path)
The lack of a significant overall association between the level of residential greenness and
mental health in the pooled data and in the separate cities contradicts findings of previous
studies that have shown such associations (Gascon et al., 2015; McEachan et al., 2015; van
den Berg et al., 2015). The context in the four cities is so different that other mediators, especially those that might act in a certain context as a suppressor, may overshadow the mere
role of time spent in green space. A plausible candidate for such a mediator is perceived safety
(Hartig et al., 2014). Several studies have found that type of green space influences perceived
safety (Jansson et al., 2013). For example, Maas et al. (2009) found that the level of residential
greenness was in general positively associated with higher perceived safety, except in highly
urbanized areas where a higher percentage of enclosed green space was associated with lower
perceived safety.
Another explanation for the null findings of an overall association in the pooled data is, that
the associations found in the previous studies were weak (i.e. small effect estimate with large
confidence intervals) and only statistically significant in large populations samples, mainly from
one city or (part of) one country. Therefore, the power analysis that calculated the sample sizes
of the current study might not have accounted sufficiently for the heterogeneity between the
populations in the four cities. This is supported by the fact that a previous study in Barcelona,
which used a sample of 4000 people residing from 10 districts in Barcelona, did find an association between mental health and surrounding greenness as measured by NDVI in three buffers
(100m, 250 and 500m buffers) (Dadvand et al., 2016). The current study with a sample of
1000 people across 30 neighbourhoods in Barcelona did not find such an association. However,
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the studies used different indicators of mental health as outcome. The indicator of mental
health used in the previous Barcelona study and in many other previous studies, was the
General Health Questionnaire (GHQ-12), while in the current study the MHI-5 scale was used.
A comparison of the performance of both indicators of mental health in a Dutch population
showed that the performance of both instruments in prediction mental health problems is
similar, but there are differences: the GHQ-12 predicts visits to the general practitioner better,
while MHI-5 those to mental health care (Hoeymans et al., 2004). This confirms that the MHI-5
assesses more serious mental health problems such as anxiety and depression, while the GHQ12 assesses general feelings of psychological distress (worry, stress, lack of concentration):
complaints which might be more susceptive to the beneficial effect of exposure to residential
greenness (Hartig et al., 2003).
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Explaining city differences (a-path)
The current study builds on the study by Van den Berg et al. (2016), which was based on the
same data collected in the four cities. That study investigated the association between total
time spent in green space and mental health, in which the sum of hours spent in green space
in near home (in the immediate living home environment) as well as further away (in and
around the city) was calculated. Contrary, the current study only focussed on greenness near
home and time spent in green spaces near home. This different focus may explain the different
results for Kaunas in both studies. Another explanation is that different models were used
to assess the association between time spent visiting green space and mental health: in the
current study, the models accounted for the level of greenness.
The associations between the level of residential greenness and time spent on visiting
green space near home differed for the four cities. In Barcelona and Doetinchem, the level
of residential greenness was positively associated with time spent visiting green space, while
no such associations were found for Stoke-on-Trent and Kaunas. These differences may be
explained by neighbourhood level differences such as differences in types, spatial distribution and quality of green space and neighbourhood social economic status, despite that the
multilevel models may partly account for those differences. However, it is not clear yet to
what extent the associations may differ for certain population subgroups in Stoke-on-Trent
and Kaunas. Perceived safety and quality of green space and personal factors such as health
status and having a dog may moderate the association between level of residential greenness
and time spent on visits to green space (Lachowycz and Jones, 2013; Lee and Maheswaran,
2011; Schipperijn, 2010) and possibly influence mediation. Having a dog has shown to be an
important predictor of green space use (Schipperijn et al., 2010). Stratified mediation analyses
are needed to explore moderated mediation, but this was beyond the scope of the current
study because of the limited sample sizes.
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Strengths and limitations
This study was one of the first that conducted a mediation analysis to investigate whether time
visiting green space mediates the association between the level of residential greenness and
mental health. Residents from four different cities across Europe were sampled from neighbourhoods stratified by proximity to green space and which varied in socio-economic status
to maximise variation of population and exposure within cities. Multilevel statistical models
were used to adjust for a dependency of data sampled within neighbourhoods. Furthermore,
the models were adjusted for a set of potential confounders to minimise selection effects.
Pooled analyses were also adjusted for city to account for unmeasured city-specific population characteristics. Other strengths of the current study were the use of a standardized and
validated questionnaire to assess perceived mental health and an objective measure of the
level of residential greenness.
Several limitations of the study should be recognized. First, the cross-sectional study
design precludes conclusions on causality and reverse causal order is possible. For example,
people with a higher mental health score may spend more time visiting green space and may
prefer to live in neighbourhoods with more green space. Despite the adjustment for potential
confounding, residual confounding may have occurred. Second, the questionnaires to assess
visit frequency and duration of visits to green space near home were based on self-reports,
which were not tested for their reliability and validity. Moreover, because precise numbers
of visits were not collected, the mid-point for each response category was used to construct
the variable total hours spent visiting green space near home. As a consequence, at the lower
end of the five-point scale for visit frequency half a visit in the last four weeks was used in the
calculation. The alternative was to delete respondents with low scores on visit frequency, but
this might have influenced the statistical power of the analyses. Third, the NDVI measure does
not distinguish between different types of greenness , such as parks and forests, neither does
it account for accessibility. A more specific weakness linked to the use of NDVI is the possibility
of a temporal mismatch with the visit data. In Doetinchem, the questionnaire was conducted
from April until December, while the NDVI was based on satellite data from April to September
2013. The models were not adjusted for season, but it is unlikely that this might have influenced the results because no other environmental changes were expected in the study periods
except tree cover. Another reason for a possible mismatch between visit data and NDVI-data is
that blue space is included in the visit frequency and duration questions, while not included in
the NDVI measure. However, data showed that approximately 85 to 90 percent of the respondents in the four cities had no blue space near home. Therefore, this might not have influenced
the results. Moreover, most blue spaces are embedded in greenness. A possible mismatch is
the spatial mismatch between the neighbourhood boundary defined in the visits questions
by a 15 minutes on bicycle range that goes beyond the 300 meter (straight-line) buffer of
the NDVI. This mismatch might be stronger for Doetinchem, which is the smallest city with a
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possibly higher percentage of bike users compared to the other cities. This may have led to an
overestimation of the time spent visiting green space and of the association with the level of
greenness for Doetinchem. Finally, the responses rates in the four cities were relatively low,
especially in the Dutch city. The low response rate in Doetinchem was due to the approach
of recruiting participants invited by mail, that turned out to be less efficient than those used
in the other cities (Supplementary Table S5.2). With the exception of Stoke-on-Trent, study
participants were higher educated than the general adult population in each of the four cities.
In Doetinchem, the study population was relatively older and more often male compared to
the general population in Doetinchem. Especially the underrepresentation of people with low
level of education might have led to an underestimation of associations because several studies have found stronger associations between greenness and health for lower SES-groups (de
Vries et al., 2003; Maas et al., 2006). Furthermore, non-response analyses, which were only
available for Doetinchem, revealed that responders found the green space more important for
recreational activities than non-responders. This may also have biased the results related to
the time spent in green spaces and limits generalizing to other cities.
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Conclusion and further research
This study provides only weak support for the hypothesis that the level of residential greenness
contributes indirectly to mental health through purposeful visits to green space. To understand
the role of visiting green space with regard to the green space - mental health relationship,
future research should focus on specific types and on perceived safety and quality of green
spaces. This could help to identify why people use (or do not use) green space (de Vries et al.,
2013; Mitchell et al., 2011) and for whom and under what conditions time spent on visiting
green space is a mediator. Not only visits to green spaces, but also access to street greenery
and gardens should be investigated because they may provide opportunities for restorative
experiences (Kaplan, 1995) and may play a role in improving neighbourhood satisfaction (de
Vries et al., 2013; Hartig et al., 2014; Kaplan, 1995). More advanced measures of exposure to
green space should be developed which should measure both visual exposure and intentional
as well as unintentional use of different green spaces. Global positioning systems (GPS) devices
might be used to assess time spent visiting green spaces more precisely than self-report measures. Other study designs, such as longitudinal studies and natural experiments, are needed
to provide evidence for causal relationships.
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Appendix 5.1 Mediation and logistic regression: calculation of
comparable regression coefficients
When dealing with logistic regression, the standard mediation procedure cannot be used because when outcomes are dichotomous the coefficients in mediation analyses end up being in
different scales. The variables differ when they are predictors versus when they are outcomes.
Therefore, the three equations must be modified slightly:
Y’ = cX + E1
M’ = aX + E2
Y” = bM + c’X + E3
Primes are added to M or Y to show that M’ is on a different scale than M. Because Y is the
outcome variable in two equations, it gets the “double-prime” to show that the scale of Y
differs from Y’ which differs from Y” (see diagram below; website Nataniel R. Herr).

05

To calculate comparable coefficients across the equations, each coefficient is multiplied by
the standard deviation (SD) of the predictor variable in the equation and then divided by the
standard deviation (SD) of the outcome variable. The equations for the comparable (“comp”)
coefficients are the following:
comp a = a * SD(X)/SD(M’)
comp b = b * SD(M)/SD(Y”)
comp c = c * SD(X)/SD(Y’)
comp c’ = c’ * SD(X)/SD(Y”)
The SD of X and M can be found in the descriptive statistics in SPSS. The SD values for Y’, M’,
and Y” are derived by calculation the root square of the variances. These variance values are
calculated by the equations derived by MacKinnon and Dwyer (1993):
Var(Y’) = c2 * Var(X) + π2/3
Var(M’) = a2 * Var(X) + π2/3
Var(Y”) = c’2 * Var(X) + b2 * Var(M) + 2*b*c’*Cov(X,M) + π2/3
Note: π2 stands for pi = 3.14; pi squared divided by three is the variance of the standard logistic
distribution.
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The comparable standard errors (SE) are calculated using equations similar to the comparable
coefficients:
SE(comp a) = SE(a) * SD(X)/SD(M’)
SE(comp b) = SE(b) * SD(M)/SD(Y”)
SE(comp c) = SE(c) * SD(X)/SD(Y’)
SE(comp c’) = SE(c’) * SD(X)/SD(Y”)
In the current study, the spreadsheet tool created by Nathaniel Herr (February, 2006) was used
for the calculations of the percentage of the mediated effect (ab/ab + c’) and the Sobel test.
References:
Herr, N. R., Mediation with dichotomous outcomes, available from http://www.nrhpsych.com/
mediation/logmed.html
MacKinnon, D. P., and Dwyer, J. H. (1993). Estimating mediated effects in prevention studies.
Evaluation Review, 17, 144-158.

Supplementary Table S5.1. Summary of spatial units used for neighbourhood selection in each city
Study area
population

Stoke-on-Trent

Barcelona

Kaunas

Doetinchem

363,421 (year 2010)

1,631,259
(year 2011)

319,213
(year 2011)

56,247
(year 2012)

Adult Population

214,194 (aged 16-59) 1,169,445 (aged 20-74) 227,578 (aged 19-65) 33,491 (aged 20-65)

Study area size (km2)

304.41

102.16

155.98

79.64

Population density
(per km2)

1,193.85

15,967.69

2,046.50

706.27

Spatial Unit

LSOA*

Census Areas

Voting Districts

Neighbourhoods

Count of spatial units

241

1061

116

83

1537.5 (419.4)

3400 (780)

670 (830)

0.11 (0.64)

1.34 (1.85)

0.96 (1.22)

42832.30 (22856.28)

8695.04 (7932.57)

1986.42 (2156.86)

Mean Population (SD) 1508 (264)
Spatial Unit size (km2):
Mean size (SD)

1.26 (4.22)
2

Spatial Unit Pop Density (per km ):
Mean density
(SD)

3360.73 (1996.52)

*Lower Super Output Areas
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Supplementary Table S5.2 Methods of respondent approach and response rates per city
City

Invited
n (%)

Willing to participate Participated
n ( %)
n (%)

Method of respondent approach

Doetinchem

10220 (100)

904 (8.8)*

861 (8.4)

answer card and reminders

Stoke-on-Trent

2826 (100)

1352 (48.9)

1044 (36.9)

premailed and face-to-face approach

Barcelona

2230 (100)

n.a.

1045 (46.9)

premailed and face-to-face approach

Kaunas

4672 (100)

n.a.

997 (21.3)

approached by postal mail to fill out
questionnaires

Total

19948 (100)

3947 (19.8)

05

* In total, 904 were willing to participate but data from 861 participants were eventually collected
Supplementary Table S5.3: Additional characteristics of the study population

Owns a dog (%)
Missing, n

Pooled

Barcelona StokeonTrent

Doetinchem

Kaunas

31.8
2

19.3
2

21.4
0

53.4
0

32.2
0

Garden/balcony (%)
Own garden

54.2

10.4

88.4

87.1

34.3

Balcony/patio

48.0

69.4

28.1

31.4

62.1

Communal garden at home

16.3

13.3

7.6

2.8

42.4

Missing, n

83

1

1

0

82

Time spend away from the neighbourhood on weekdays,
Mean (SD)

5.8 (4.0) 5.3 (4.4)

4.9 (4.5) 6.5 (3.9)

6.6 (3.1)

Missing, n

272

205

0

Time spend away from the neighbourhood on weekend
days, Mean (SD)

5.0 (4.8) 5.9 (6.5)

3.9 (4.4) 5.2 (2.7)

5.0 (4.3)

Missing, n

257

71

173

13

0

Satisfied with safety of green/blue space (including traffic
safety)

59.4

54.5

69.8

66.7

47.4

59

8

Missing, n

9

6

3

0

0

Satisfied with quality of green/blue space

71.3

54.6

75.0

84.9

73.1

Missing, n

3

1

2

0

0
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