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Chapter 3 | Visiting Green Space and Mental Health in Four European Cities

Abstract
Many epidemiological studies have found that people living in environments with more green
space report better physical and mental health than those with less green space. However, the
association between visits to green space and mental health has seldom been studied. The
current study explored the associations between time spent in green spaces by purposeful
visits and perceived mental health and vitality in four different European cities, and to what extent gender, age, level of education, attitude towards nature and childhood nature experience
moderate these associations. Data was gathered using a questionnaire administered in four
European cities (total n = 3748). Multilevel analyses showed significant positive associations
between time spent visiting green spaces and mental health and vitality in the pooled data, as
well as across the four cities. Significant effect modification was found for level of education
and childhood nature experience. The findings confirm the hypothesis that more time spent in
green space is associated with higher scores on mental health and vitality scales, independent
of cultural and climatic contexts.
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Introduction
Mental health is a public health priority in Europe: almost a third of the population is affected
at some point in life by a mental disorder of which depression and anxiety are the most common (WHO, 2013). There is a growing body of evidence that the built environment can have
a negative impact on mental health (Francis et al., 2012; Krabbendam and van Os, 2005;
Lederbogen et al., 2011; Peen et al., 2010). Exposure to urban stressors such as noise, fear
of crime and crowding, without possibilities for restoration from stress, may in the long term
affect mental health and increase the risk of depression, anxiety and fatigue syndromes (Marin
et al., 2011; Tafet and Bernardini, 2003). There is evidence from experimental studies that
living environments with natural elements (or green spaces), such as urban parks, forests and
nature areas, are important restorative environments for urban dwellers (Barton and Pretty,
2010; Thompson et al., 2011; van den Berg et al., 2007; van den Berg et al., 2003). Moreover,
several epidemiological studies have found a positive association between the availability of
green spaces in the living environment and mental health (Beyer et al., 2014; de Vries et al.,
2003; Maas et al., 2009; Paquet et al., 2013; Richardson et al., 2013; Sugiyama et al., 2008; van
Dillen et al., 2012; White et al., 2013; Gascon et al., 2015; van den Berg et al., 2015). Continued
urbanization and changes in lifestyle that diminish opportunities for visits to green spaces are,
therefore, a concern.
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Visits to green spaces
Previous epidemiological studies have primarily focused on the association between mental
health and the amount of green space in the living environment. These studies either have
objectively measured the amount of green space using different distance buffers around the
respondent’s residence (Maas et al., 2009a; Maas et al., 2009b; van Dillen et al., 2012; White
et al., 2013) or used a subjective measure by asking the respondents to assess the greenness
of their neighbourhood (Sugiyama et al., 2008). Few studies have focused on visits to green
spaces. Two studies showed that both a larger number of visits and more time spent per week
in green space was significantly associated with lower levels of perceived stress (Grahn and
Stigsdotter, 2003; Stigsdotter et al., 2010). Another study found that respondents living closer
to green space reported lower levels of stress, and that the association was mediated by the
number of visits (Nielsen and Hansen, 2007). Thus, more studies are needed to investigate the
relationship between visits to green spaces and mental health in more European countries
with different cultural and climatic contexts.
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Effect modifying factors
Besides investigating the relationship between visits to green spaces and mental health in general populations, more insight is needed to identify which population subgroups benefit most
from visits to green space. People may differ in use and perception of green spaces, e.g. being
more or less sensitive to the potential mental benefits of green spaces, due to differences in
socio-demographic and psychological factors. Some reserachers argued that men and women
use and perceive green space in different ways with women dedicating more importance to
quality and safety of green spaces (Maas et al., 2009; Richardson et al., 2010; Astell-Burt et al.,
2014). In previous studies on the relationship between availability of green space and mental
health, effect modification has been found for gender, age and level of education (Astell-Burt
et al., 2013; Astell-Burt et al., 2014; de Vries et al., 2003; Mitchell and Popham, 2007; Maas et
al., 2006). These studies showed that the positive associations were stronger for individuals
with lower levels of education. However, it is not known whether these differences are due to
differences in exposure to green spaces or differences in use and perception of green spaces.
For gender and age, the findings showed gender-specific variations across the life course probably due to differences in activity patterns (Astell-Burt et al., 2013; Astell-Burt et al., 2014; see
also van den Berg et al., 2015). Furthermore, psychological factors such as attitude, beliefs
and preferences shaped through learning might moderate the relationship between exposure
to green space and mental health (Bratman et al., 2012; Hartig et al., 2011). There is some
evidence that childhood nature experience plays an important role in developing a natureoriented attitude and preferences for nature-based activities in adult life (Asah et al., 2012;
Chawla, 2009; Ward Thompson et al., 2008; Wells and Lekies, 2006).

Objectives
The main objective of this study was to investigate the association between self-reported time
spent in green spaces during purposeful visits and the following mental health indices: (1)
perceived mental health and (2) perceived vitality. In addition, whether these relationships
differ between cultural and climatic contexts and to what extent do the socio-demographic
factors (gender, age and level of education), and psychological factors (attitude towards green
space and nature childhood experience) modify these relationships were examined. It was
hypothesized that visits to green spaces would be associated with mental health benefits and
that these benefits would be larger for the elderly, subgroups with a lower level of education,
a higher positive attitude towards green space or with ample childhood nature experiences
compared to young and middle-aged subgroups and subgroups with higher level of education,
a less positive attitude or less childhood nature experiences.
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Methods
Study background
This cross-sectional study used data collected in the EU-research project Positive Health Effects of the Natural Outdoor Environment in Typical Populations in Different Regions in Europe
(PHENOTYPE). In the PHENOTYPE project, similar methods were used to collect data on the
relationship between exposure to green space and health and its underlying mechanisms in
a sample of residents from four European cities: Barcelona (Spain); Doetinchem (the Netherlands); Kaunas (Lithuania); and Stoke-on-Trent (UK). See for an overview of the study protocol
Nieuwenhuijsen et al. (2014). Data for this study were derived from a face-to-face questionnaire administered in the same period (May to November 2013), with the exception of Kaunas
where data were collected with a postal questionnaire. The ethical committees of the involved
research institutes approved the study and all participants signed an informed consent.
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Study population and data collection
In each of the four cities, approximately 30 spatial units (or neighbourhoods) were selected
such that variability in access to green space and in socioeconomic status (SES) was ensured.
A random sample of 30 to 35 adults was drawn from the general population aged 18-75 years,
in each of the selected neighbourhoods (a minimum of 1000 per city)(Nieuwenhuijsen et al.,
2014)(for further details on the data collection see Appendix A). Table 3.1 presents the number
of residents that were approached and the response rates.
Table 3.1: Methods of respondent approach and response rates per city
City

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

Doetinchem

10220 (100)

904 (8.8)*

861 (8.4)

Method of respondent approach
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

Kaunas

4672 (100)

n.a.

997 (21.3)

approached by postal mail to fill out questionnaires

*In total, 904 were willing to participate but data from 861 were eventually collected.

Questionnaire
Most questions in the questionnaire were derived from existing and validated questionnaires,
some of which were tailored to the specific objectives of PHENOTYPE. For the mental health
questions, translated versions were available. For all other questions, new and tailored questions were developed first in English and then translated (and back translated) into Dutch,
85
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Spanish, Catalan, and Lithuanian. Natural environments were defined as all public and private
open spaces that contain “green” and/or “blue” natural elements such as street trees, forests,
city parks and natural parks/reserves including all types of water bodies, further referred to as
green spaces.
The following subset of questions was used:
a. Mental health and vitality: Two subscales from The Medical Outcome Study Short Form
(SF-36) general health survey were used to measure mental health and vitality (Ware and
Sherbourne, 1992). The 5-items mental health subscale assessed nervousness and feelings
of depression in the past month. The vitality subscale includes four items and assessed
perceived level of energy and fatigue. All items were scored on a 6-point scale and summed
scores were transformed into a scale from 0-100. Higher scores reflect better mental health
and higher vitality. Both subscales have been shown to be a reliable and valid measure of
mental health (Ware, 2000).
b. Frequency and duration of visits to green spaces: Visits frequency was measured by asking
“how often did you visit in the last 4 weeks on purpose the following green spaces: i) close
to your home (less than 15 minutes by foot or bike); ii) in your city or town (more than 15
minutes by foot or bike); and iii) close to your city or town”. All items were scored on a
5-point scale with categories ranging from: 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 each of the following green spaces in the last four weeks (per
visit)?: i) close to your home (less than 15 minutes by foot or bike); ii) in your city or town
(more than 15 minutes by foot or bike); and iii) close to your city or town”. This was scored
on a 4-point scale (<1 hours, 1-2 hours, 3-5 hours, 6-10 hours). Visit frequency and visit
duration for each of the three green space categories (i.e. close to home; in the city; close
to the city) were multiplied and summed to calculate the total duration of visits to green
spaces. To obtain a variable with the dimension of hours, the middle values of the four
categories from the visit frequency items were used and multiplied with the middle values
of the four categories of the visit duration items (“never” and “not applicable “ answers for
visit frequency were both set on null hours in the past month).
c. Socio-demographic characteristics: Gender, age (in years )and level of education were included in the statistical models as potential confounders as well as effect modifiers. To adjust for the social 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” and “being
comfortable”) and work status (employed/unemployed) were included. Furthermore, the
models were controlled for household composition (with children younger than 12 years/
other) and city.
d. Psychological characteristics: Attitude towards green space was assessed by asking respondents: “How important it is for you that near your home: i) there is green space for physical
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activity; ii) there is green space for social activities; iii) there is green space for relaxation;
and iv) there are green walking and biking paths to go to work, school and other destinations?”. All four items were rated on a 5-point scale (very important/important/somewhat
important/not important at all) and a sum score was calculated such that a higher score
related to a more positive attitude (Cronbach’s α = 0.81). Childhood experience with natural environments was assessed by the question: “How often did you spent time in natural
environments during your childhood?”. The scores on 5-point scale (never/ sometimes/
regularly/often/very often) were dichotomized with scores on “regularly”, “often” and
“very often” classified as “ample”. It was decided to dichotomize the variable because
conducting multilevel regression analysis for subgroups in the four different cities using
the original variable with the five categories of childhood nature experience would have
led to low numbers of respondents in some of the subgroups. This would have reduced the
statistical power of the analysis.
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Statistical analyses
The associations between visits to green spaces and mental health and vitality were analysed
by using multilevel linear regression analyses. As data of individuals were sampled within
neighbourhoods, the following two levels were included: individual and neighbourhood level.
In the first step, model improvement by adding a random intercept and slope was assessed by
testing the change of log-likelihood of the basic models with and without random intercepts
and slopes (Wald statistic). In all regression analyses, only a random intercept was included
because of a significantly model improvement. In the next step, the models were adjusted
for gender, age, level of education, perceived income, employment status and household
composition with/without children younger than 12 years. The analyses with the pooled data
of the four cities were also adjusted for city. Analyses of effect modification were conducted by
testing for interaction between the independent variable, i.e. visiting green spaces, and each
of the potential moderators gender, age, level of education, childhood nature experiences and
attitude towards green space (Field, 2013; Twisk, 2006). Significant interaction terms (p<0.05)
were used as an indicator of existing moderating effects. For the significant effect modifiers,
subgroup analyses were performed to show the different associations between visits to green
spaces and mental health and vitality for different population subgroups. The subgroup analyses were only performed with the pooled data, because of a limited number of respondents in
population subgroups, when analysing data for cities separately. All analyses were performed
using SPSS 20.0.
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Results
Study populations
The response rates for the four cities are shown in Table 3.1. After cleaning the database,
and excluding cases with missing information on questions referring to visits to green spaces
(Barcelona n = 29; Doetinchem n = 30; Kaunas n = 112; Stoke-on-Trent n= 14), the pooled
database consisted of 3748 participants. Table 3.2 shows the number of participants for each
city and the characteristics of the study populations. The mean mental health and vitality
scores varied significantly between the four cities (p<0.001). Table 3.3 presents the descriptive
statistics of the visits to green spaces assessed as number of hours spent in green spaces close
to home, in the city and near the city in the past month, and the total hours of visits to green
spaces. The latter exposure variable was used in the analyses. The mean total number of hours
visiting green spaces differed significantly between the four cities (p<0.001), ranging from 21.9
in Stoke-on-Trent to 27.2 in Doetinchem. Further, almost 50 percent of the total hours were
spent in green spaces close to home, with Doetinchem and Barcelona showing the lowest
percentages (respectively 42 and 43 percent). In the pooled database, hours spent in green
space by visits close to home and total hours spent in green space was highly correlated (r
=0.8; p <0.001).

Association between visits to green spaces and mental health and vitality
Table 3.4 presents the results of the multilevel regression analyses for pooled data from all
cities and for the four cities separately. It shows small, but significant positive associations
between visits to green spaces and mental health and vitality, in the pooled database, as well
as in all four cities separately. The strength of the associations only showed small difference
between the four cities. The regression results showed consistently somewhat stronger associations with vitality than with mental health (Table 3.4).

Effect modification
No statistical significant effect modification was found for age, gender and attitude towards
green space. For the association between visits to green spaces and mental health, a significant
interaction was found for childhood nature experience (p = 0.001), while for the association
between visits to green spaces and vitality, a significant interaction was found with the level of
education (medium level of education p = 0.017; high level of education p = 0.046; the lowest
level of education was the reference). The results of the subgroup analyses on the data for all
cities pooled are reported in Tables 3.5 and 3.6. Table 3.5 shows significant, positive associations between visits to green spaces and mental health for subgroups with contrasting levels
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Table 3.2: Characteristics of the study population: pooled data for all cities and data for the cities separately.
All cities
pooled

Barcelona
Spain

Stoke-on-Trent Doetinchem
UK
Netherlands

Kaunas
Lithuania

Total n (%)

3748 (100)

1014

1027

831

876

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

51.3 (16.0)

44.8 (15.5) 9

45.8 (16.0)

56.5 (12.1)

59.0 (14.4)

Missing, n

53

43

0

1

119(12.1)

9 (1.1)

66 (7.5)
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Age groups, n (%)
18 thru 25

310 (8.4)

116 (11.4)

26 thru 45

1013 (27.4)

423 (42.17)

380 (38.6)

154 (18.5)

56 (6.4)

46 thru 65

1542 (42.7)

338 (33.6)

344 (35.0)

459 (52.2)

401 (45.8)

66 thru 75

830 (22.5)

128 (12.7)

141 (14.3)

209 (25.2)

406 (40.8)

Male (=1), n (%)

1674 (44.7)

479 (47.2)

493 (48.0)

360(43.3)

352 (40.2)

Missing, n

0

0

0

0

1

Highest qualification, n (%)
Low

264 (7.0)

142 (14.0)

96 (9.5)

10 (1.2)

16 (1.8)

Medium

1653(44.4)

392 (38.8)

650 (64.5)

391 (47.1)

220 (25.1)

High

1807(48.2)

477 (47.2)

261(25.9)

429 (51.7)

640 (73.1)

Missing, n

24

3

20

1

0

Employed (vs. not), n (%)

2304 (61.5)

690 (68.0)

669(65.1)

498 (59.9)

447 (51.0)

Missing, n

0

0

0

0

0

375(10.7)

122(12.6)

74 (8.1

142 (17.3)

37 (4.7)

Perceived income situation, n (%)
Cannot make ends meet
Enough to get along

1740 (49.9)

483 (49.7)

443 (48.8)

251 (30.5)

563 (71.5)

Comfortable

1375(39.4)

367(37.8)

391 (43.1)

430 (52.2)

187 (23.8)

Missing, n

258

42

119

9

89

Household composition, n (%)
children < 12

567 (15.2

189 (18.7)

211 (20.8)

128 (14.9)

47 (5.4)

other

3156 (84.8)

820(81.3)

801(79.2)

733 (85.1)

824(94.6)

Missing, n

25

5

15

0

5

Importance green (sum score)
Mean (SD)

16.4 (2.9)

17.0 (2.6)

16.3 (3.4)

16.5 (2.4)

15.7(2.9)

Missings, n

4

1

2

1

0

Childhood nature experience, n (%)
Little

585 (17.5)

195 (19.3)

242 (23.9)

60 (7.2)

88 (10.0)

Ample

3317 (84.4)

816 (80.7)

772 (76.1)

771 (92.8)

788(90.0)

Missings, n

16

3

13

0

0

Transformed mental health (sum
score scale 0-100), Mean (SD)
73.6 (16.1)

71.0 (15.7)

73.4 (16.4)

80.1 (13.6)

70.9 (16.8)

Missing, n

22

4

8

12

0

Transformed vitality (sum score
scale 0-100), Mean (SD)

61.8 (18.7)

61.5 (17.9)

55.8 (19.9)

69.5 (17.0)

62.0 (16.9)

Missing, n

24

4

7

11

0
89

90

0.8 [0.0-10.0]
0.8 [0.0-10.0]
11.5 [1.5-32.0] 12.0 [1.8-30.30]
27.5 (26.7)

Number of hours spent in your city/town (<15min on foot/ bike) in green spaces, Median [IQR]

Number of hours spent near city in green spaces, Median [IQR]

Total number of hours spent in green spaces, Median [IQR]

Mean total (SD)

21.9 (52.3)

3.8 [0.0-14.3]

0.0 [0.0-0.8]

0.0 [0.0-1.3]

1.0 [0.0-10.0]

1027

876

Kaunas
Lithuania

1.3 [.0-10.0]

1.3 [0.3-10.0]

27.2 (32.1)

38.6 (56.4)

18.0 [7.8-36.0] 14.4 [4.0-46.0]

3.8 [0.8-12.0]

3.8 [0.3-10.0]

10.0 [1.4-12.0] 4.0 [0.3-12.0]

831

Stoke-on-Trent Doetinchem
UK
Netherlands

2

2

0.04 (0.03 - 0.06)

***

0.05 (0.04 - 0.06)***

0.03 (0.02 - 0.04)

***

0.03 (0.02 - 0.04)***

0.05 (0.01 - 0.08)

***

0.05 (0.01 - 0.08)**

0.04 (0.01 - 0.07)

*

0.04 (0.01 - 0.07)**

Barcelona
(Spain)

0.04 (0.01 - 0.06)

**

0.04 (0.02 - 0.07)***

0.03 (0.01 - 0.05)

**

0.03 (0.01 - 0.05)***

Stoke-on-Trent
(UK)

0.07 (0.04 - 0.11)

***

0.08 (0.04 - 0.12)***

0.04 (0.02 - 0.07)

**

0.05 (0.24 - 0.08)***

Doetinchem (Netherlands)

0.04 (0.02 – 0.06)***

0.04 (0.02 - 0.06)***

0.02 (0.00 - 0.05)*

0.03 (0.01 - 0.05)**

Kaunas
(Lithuanian)

p <0.05;**p<0.01;***p<0.001
Unadjusted model with a random intercept.
2	
Adjusted for age, gender, education level, perceived income, employment and household with/without children < 12 years; analyses with data for all four cities pooled also
adjusted for city.

1	

*

Adjusted model

Crude model1

Vitality

Adjusted model

Crude model1

Mental Health

All cities pooled

Table 3.4: Multilevel regression of total duration of visiting green spaces (hours per month) on mental health and vitality (0 – 100 scale; higher is better mental health): unstandardized regression coefficients and 95% confidence intervals (all cities pooled and per city).

Note: SD = Standard Deviation; n = number of respondents; IQR = Interquartile range. Note: Due to the skewness of the distributions, the medians do not sum up.

23.9 (35.2)

0.8 [0.0-4.0]

1.3 [0.0-1.3]

3.8 [0.0-2.0]

4.0 [0.3-12.0]

1014

3748

Number of hours spent close to home (<15min on foot/ bike) in green spaces, Median [IQR]

Barcelona
Spain

Total n

All cities
pooled

Table 3.3: Descriptive statistics of visits to green spaces (hours per month) close to home and further away, and the total hours per month: pooled data and data for the cites
separately.
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of childhood nature experience. Moreover, the association between visits to green spaces and
mental health was more than three times stronger for people who spend little time in green
spaces during their childhood compared to people who spend much time in green spaces
during their childhood. Concerning vitality, the results show significant, positive associations
between visits to green spaces and vitality for all three subgroups based on different levels of
education (Table 3.6). The association was stronger for people with a low level of education
compared to people with medium and high education.
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Table 3.5: Multilevel regression of total duration of visiting green spaces (hours per month) on mental health
(0 – 100 scale; higher is better mental health) for subgroups with different levels of childhood nature experience:
unstandardized regression coefficients and 95% confidence intervals (pooled data).
Childhood nature experience
Low

High

Mental Health
Crude model1
Adjusted model

0.08 (0.05 - 0.10)***
2

0.07 (0.04 - 0.09)

0.02 (0.01 - 0.03)***

***

0.02 (0.01 - 0.03)**

*

p <0.05;**p<0.01;***p<0.001
Unadjusted model with a random intercept.
2	
Adjusted for age, gender, education level, perceived income, employment, household with/without children
< 12 years, and city.
1	

Table 3.6: Multilevel regression of total duration of visiting green spaces (hours per month) on vitality (0 – 100
scale; higher is better mental health) for subgroups with different levels of education: unstandardized regression
coefficients and 95% confidence intervals (pooled data).
Level of education
Low

Medium

High

Vitality
Crude model1
Adjusted model

0.17 (0.10 - 0.24)***
2

0.13 (0.06 - 0.20)

***

0.06 (0.03 - 0.08)***
0.05 (0.0 - 0.07)

***

0.03 (0.02 - 0.05)***
0.03 (0.01 - 0.05)***

*

p <0.05;**p<0.01;***p<0.001
Unadjusted model with a random intercept.
2	
Adjusted for age, gender, perceived income, employment, household with/without children < 12 years, and
city.
1	

Discussion
Main findings
In this cross-sectional study, more hours of visiting green spaces was positively associated
with a higher score on self-reported mental health and vitality in the pooled data, as well as
in the data of the four European cities separately. The consistency of the findings, with only
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small differences in the strength of associations between the four participating cities, shows
the robustness of the relationships, which seem almost independent of different cultural and
climatic contexts. At the same time, the results indicate that associations are weak (0.03 and
0.04 on a total range of 0 - 100).
To date, only few studies have focussed on the relationship between visits to green spaces
and mental health. The findings of the current study are in line with previous studies that
have found more visits to green spaces were significantly associated with lower levels of
perceived stress (Grahn and Stigsdotter, 2003; Stigsdotter et al., 2010) and, only for women,
lower odds of depressive symptoms (Reklaitiene et al., 2014). The current study provides
additional evidence that purposeful visits to green spaces might be a pathway of exposure
(visual or physical) through which green spaces are associated with mental health and vitality.
There are plausible psycho-evolutionary theories of stress reduction and attention restoration,
and convincing evidence from a large number of experimental studies, that access to natural
environments can help individual’s to recover from acute stress and mental fatigue better than
other environments (Hartig et al., 2014; Kaplan, 1995; Ulrich et al., 1991). However, because
of the cross-sectional nature of the data, the alternative explanation cannot be ruled out that
people with higher mental health and vitality scores visited green spaces more.
Other main findings were that the associations between visits to green spaces were significantly modified by level of education and time spent in nature during childhood. With regard
to the level of education, only for vitality was it found that people with low level of education
showed a stronger association of visits to green spaces compared to people with high level of
education. This finding corroborates previous studies that have suggested that lower educated
subgroups seem to benefit most from green space in their direct living environment (de Vries
et al., 2003; Maas et al., 2006; Mitchell and Popham, 2007; Mitchell and Popham, 2008). The
low educated group had on average a lower vitality score compared to the highly educated
group (respectively 55 and 64 points) and visited green spaces less (respectively 18 and 32
hours per month). Thus, a possible explanation is that, because of a ceiling effect, high education groups may have less possibilities for improving their vitality (de Vries et al., 2003). An
explanation for the finding that these differences were found only for vitality, could be that
the SF-36 vitality scale comprises also some physical health components and, thus, might be
stronger related to an active lifestyle than the SF-36 mental health scale (Ware, 2000). Lower
educated groups more often live in disadvantaged neighbourhoods with fewer opportunities
for an active, stress reducing lifestyle for example by access to a private or community garden
or sport facilities (Lachowycz and Jones, 2013; Mitchell and Popham, 2007; Mitchell and
Popham, 2008). Therefore, it can be argued that for these people, visits to green spaces may
be more important for providing opportunities for maintaining an active lifestyle compared
to high educated individuals who are less dependent of their local living environment. This is
supported by the finding in the current study that only 47 percent of the low educated group
had a private or community garden, while for the higher educated groups this was almost 70
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percent. Moreover, 60 percent of the people who had a garden used it almost daily independent of education level (data not shown).
Childhood nature experiences was the other significant effect modifier found in this study.
Contrary to what was expected, people who spent little time in green spaces during their childhood showed a stronger association between visits to green spaces and mental health compared to people that spent much time in green spaces during their childhood. Maybe, those
people had become less sensitive to the mental health benefits gained from visits to green
spaces, probably because they had become more used to contact with nature in their daily life
throughout their life course. Another explanation is that these people satisfy their need for
contact with nature in other ways, for example by gardening or spending the weekends in a
leisure home at the countryside, rather than making purposeful visits to green spaces.
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Strength and limitations
This study was one of the first that investigated the relationship between actual visit to green
spaces measured as the number of hours of purposeful visits to green spaces and mental
health and vitality. This study showed robust findings for associations between visiting green
spaces and two widely used and validated SF-36 scales of mental health and vitality. The
analyses were based on large samples of study populations in four different European studies
using similar methods and standardized and newly developed measurement instruments. The
multilevel statistical models accounted for dependency of data sampled within neighbourhoods and for a variety of potential confounders to rule out selection effects.
A limitation of the study was the cross-sectional design. Therefore, conclusions about the
causality of the relationships cannot be drawn. Furthermore, the study used self-reported
measures of mental health and vitality as well as frequency and duration of visits to green
spaces. Next to the risk of bias associated with the use subjective reports of individual participants, the use of self-reported measures could have led to a same-source bias. This may have
resulted in overestimating the strength of the associations. Another limitation is that there is
a possibility of residual confounding due to factors that were not adjusted for in the models.
An important limitation of the current study is the representativeness of the samples of
the study populations in the four cities. The response rates were relatively low, especially for
Doetinchem. This was probably due to differences in methods used for recruiting participants
in Doetinchem compared to those used in the other cities. In Doetinchem, the strategy of
sending people first a letter of invitation with a reply card to indicate their willingness to
participate before contacting them by telephone, seemed less efficient than the face-to-face
approach in Stoke-on-Trent and in Barcelona, where all selected addresses were directly visited after sending a letter of introduction. A non-response analysis for Doetinchem showed a
slight but significant underrepresentation of people with fair to poor general health among
the respondents (16.2 percent) compared to the non-respondents (17.7 percent). Among the
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respondents, there were significantly more people who granted (high) importance to green
space for physical and relaxing activities (90 percent) compared to the non-responders (80
percent). This could have influenced the results. However, probably more important is the risk
of bias due to the clear underrepresentation of low educated individuals. In three of the four
cities, individuals with a low level of education were underrepresented in the study population
as compared to regional and national data. In Stoke-on-Trent, lower educated individuals were
somewhat overrepresented in the study sample. Despite statistical adjustment for the level
of education, this could have biased the results and therefore limit their generalizability. The
strength of the overall associations between visiting green space and vitality could have been
underestimated because stronger associations were found for vitality for groups with lower
level of education.

Implications for public health and further research
This study showed statistically significant, but weak associations between spending more time
visiting green spaces on the SF-36 mental health and vitality scales. It is difficult to evaluate
the clinical relevance for public health of such a small improvement on the individual level. For
example, for a typical person with a vitality score of 61.8 (mean pooled study population value)
visiting green space 10 hours a month (about the median study population value), a doubling
of the time visiting green spaces, which seems a reasonable increase to 20 hours a month or 5
hours a week, would be associated with a 0.4 (i.e. 10 x 0.04) point increase on the vitality scale
up to 62.2 This increase is negligible. However, for a low educated person the same increase in
time visiting green spaces would be associated with a 1.3 points increase (i.e. 10 x 0.13) on the
vitality scale, which is more substantial.
Although the SF-36 mental health scale is widely used in populations surveys, no formal
cut off point for a minimally important change (MIC) is defined (Hoeymans et al., 2004). The
cut-off point most often used is 52 (Thorsen et al., 2013). In this study, 507 participants of all
cities pooled that showed a mental health score below the cut-off point of 52 (i.e. 13.6 percent
of the study population), thus, having a high risk of mental health problems. Calculating the
population effect of an increase of visits to green spaces of one hour per day (i.e. about 30 hours
a month) that is associated with approximately one point improvement on the mental health
scale, this should then result in a decrease of the number of people with low risk of mental
health problems from 507 to 341 (9.1 percent). This is a decrease of 33 percent, illustrating the
prevention paradox, i.e. a seemingly small benefit for an individual means a lot at the population level (Rose, 1981). To develop a prevention strategy which stimulates people to visit green
spaces, it is important to gain more insight into what factors determine visits to green spaces.
Further, more insight is needed in the mechanisms behind the relationship between visits
to green spaces and mental health, e.g. by conducting mediation analyses investigating for
example whether restorative experiences or physical and social activities during visits to green
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spaces mediate the associations with mental health and vitality. However, next to purposeful
visits to green spaces, ambient greenness may also contribute to mental health (van den Berg
et al., 2007; Hartig et al., 2014). Further research is needed to investigate whether visits to
green spaces mediate the association between the amount of green space and mental health
using objective measures of greenness such as the normalized difference vegetation index
(NDVI) to get more insight into the importance of ambient greenness, compared to formal
visits to green spaces.
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Conclusion
This cross-sectional study showed consistent positive associations between purposeful visits to
green spaces and mental health and vitality across four European cities and across population
subgroups with different levels of education/SES and different childhood nature experience.
The findings suggest that the associations are stronger for people with a low level of education and little childhood nature experience than for people with higher levels of education
and ample nature experience during childhood. For the former groups, providing easy access
to green spaces in conjunction with motivating programmes to visit green spaces, may be a
potential public health strategy to protect and improve mental health.
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Appendix A: Population sampling strategy in the four cities
involved in the PHENOTYPE project
Neighbourhood selection
To ensure variability in access to green space, the following three land cover categories from
the Urban Atlas land use database were selected: forests, green urban areas, agricultural/seminatural areas, wetlands and water bodies (see also (33 ). Since Urban Atlas was not available,
for Doetinchem, another database (‘Top10 nl’) was used. For each spatial unit, the averaged
(Euclidean) distance was calculated from all residential addresses to green spaces of more than
1 hectare using GIS. These averaged distances were ranged into quintiles to define five categories. To ensure variability in SES, the tertiles of the distribution of SES, based on country specific
data, were used to define for each city three categories of SES. For each city, each spatial units
was fit into one of the 15 (i.e. 3 x 5) combinations of green space and SES categories. In the
next step, from each combination two neighbourhoods with sufficient adult population were
selected which varied in types of green spaces and which were not adjacent to each other.
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Population selection and respondent approach
In Doetinchem (the Netherlands), a total of 10,220 residents were approached by mail after
a list of addresses were randomly selected from the BAG Registry (‘Buildings and Addresses’)
2012. At each address, the person who would be the first to have a birthday and was between
18-75 years of age was asked to return a reply card to indicate if he/she was willing to participate. Interviewers then made interview appointments by telephone.
In Stoke-on-Trent/Newcastle-under-Lyme (UK), 2826 randomly selected addresses were
sent a letter explaining the purpose of the project and the likelihood that an interviewer would
visit them. At each address, interviewers used the next birthday rule to randomly select an
individual per household.
In Barcelona (Spain), 11,543 people were selected at random across the 30 neighbourhoods. The
selected individuals were distributed into candidate and substitute candidates such that both groups
were matched in age range, sex and neighbourhood. To a total of 4825 addresses a letter of invitation
was sent explaining the purpose of the project and the likelihood that an interviewer would visit them.
Interviewers then attempted to approach 2230 candidates. If the candidate was not contactable or
not willing to participate, then the interviewers approached the first substitute (and so on).
In Kaunas (Lithuania), 5840 adults aged 20-75 were randomly selected from a 2006-2009
survey. Because of change in addresses 1168 subjects could not be reached. Consequently,
4672 subjects were approached by mail to complete postal questionnaires. This postal questionnaire was sent to participants during the same period as the face-to-face interviews were
conducted in the other cities.
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