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Abstract
Background: Positive emotional well-being is fundamentally important to general health status, and is linked to
many favorable health outcomes. There is societal interest in understanding determinants of emotional well-being
in adolescence, and the natural environment represents one potential determinant. Psychological and experimental
research have each shown links between exposure to nature and both stress reduction and attention restoration.
Some population studies have suggested positive effects of green space on various indicators of health. However,
there are limited large-scale epidemiological studies assessing this relationship, specifically for populations of young
people and in the Canadian context. The objective of this study was to examine the relationship between exposure
to public natural space and positive emotional well-being among young adolescent Canadians.
Methods: This cross-sectional study was based upon the Canadian 2009/10 Health Behaviour in School-aged
Children Survey with linked geographic information system (GIS) data. Following exclusions, the sample included 17
249 (grades 6 to 10, mostly ages 11 to 16) students from 317 schools. Features of the natural environment were
extracted using GIS within a 5 km radius circular buffer surrounding each school. Multilevel logistic regression was
used to examine the relationship between the presence of public natural space (features include green and blue
spaces such as parks, wooded areas, and water bodies) and students’ reports of positive emotional well-being,
while controlling for salient covariates and the clustered nature of the data.
Results: Over half of Canadian youth reported positive emotional well-being (58.5% among boys and 51.6% among
girls). Relationships between measures of natural space and positive emotional well-being were weak and lacked
consistency overall, but modest protective effects were observed in small cities. Positive emotional well-being was
more strongly associated with other factors including demographic characteristics, family affluence, and perceptions
of neighbourhood surroundings.
Conclusion: Exposure to natural space in youth’s immediate living environment may not be a leading determinant
of their emotional well-being. The relationship between natural space and positive emotional well-being may be
context specific, and thus different for Canadian youth compared to adult populations and those studied in other
nations. Factors of the individual context were stronger potential determinants.
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Background
Positive emotional well-being is defined as an awareness
of one’s well-being with a positive outlook on life [1]. It
is an important aspect of overall health. Beyond the
absence of distress, it encompasses the presence of positive
affective states. Attention to positive psychology helps
to build “human strengths and virtues including hope,
wisdom, creativity, courage, spirituality, responsibility,
perseverance, and satisfaction” [2]. Among young people,
positive emotional well-being contributes to the development of intrapersonal and interpersonal relationships [2].
It is also associated with higher academic and vocational
performance [3], and mediates the impact of stressful life
events [4] and problem behaviors [1]. A lack of positive
emotional well-being is an indicator of physical and mental
health problems [3-5]. Experiences during childhood and
adolescence have long-term implications [6,7], and positive
emotional well-being earlier in life influences health
trajectories into adulthood. Therefore, it is important
to understand emotional well-being during critical
developmental stages, such as adolescence.
According to the Public Health Agency of Canada, in
2006, 56% of Canadian boys and 48% of girls in grades 9
and 10 experienced high levels of life satisfaction, one
indicator of emotional well-being [8]. The World Health
Organization estimated that in 2009, 20% of the world’s
population of children and adolescents had mental
disorders or problems [9]. Low rates of positive emotional
well-being and an increasing prevalence of early mental
disorders suggest the need for a greater understanding of
determinants of emotional well-being, and any protective
effects of efforts to promote positive emotional well-being
among this age group.
On a broad scale, determinants of health include both
individual and contextual factors [10]. One potential
contextual determinant of emotional well-being is the
natural environment. As area-level interventions emerge
as important theoretical and policy-driven strategies to
address population health issues [11-13], there is
increased interest in examining the relationship between
nature and health. Such evidence can be used to modify
and build communities that take advantage of natural
space in order to promote positive well-being for the
general population. Theories underlying this relationship
are based upon stress reduction and attention restoration
[14]; people have nature-based coping strategies, and thus
natural space helps to facilitate restoration from stress
and fatigue. Other explanations suggest that natural
settings offer added opportunities for explorations and
interactions, and activities that promote greater levels of
well-being [15-18].
Although there is a common belief that nature has
health benefits, this is not clearly supported by empirical
evidence, particularly at the population level. Much of
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the existing literature is descriptive [19-21], and few
population studies have quantified this relationship. A
body of psychological research has shown that exposure
to green features, such as trees and gardens, positively
influences stress reduction and attention restoration
[14]. This research has been limited to controlled settings,
and has focused on proximal measures such as images of
nature [22], views from windows [23,24], and access to
nearby gardens [25]. Others have demonstrated added
benefits for activities performed in natural settings,
particularly focusing on physical activities [26].
Recently, there have been efforts to examine the
relationship between nature and health at the population
level. Large epidemiological studies conducted with the
general public, although consisting mostly of adults, have
concluded that residents of neighborhoods with high
proportions of green space experience better perceived
health [27,28], greater physical activity [29,30], lower
morbidity [31], and higher life longevity [32]. Evidence
from such studies is inconclusive; although most studies
support a beneficial effect, the effects tend to be weak
[30-32]. Systematic reviews and meta-analyses have similarly concluded that a weak relationship exists [19,26].
The lack of consensus in the current literature may be
due in part to variable definitions: most studies have
used green space to represent the natural environment,
but inclusion criteria vary [19,26]. Few studies have used
objective measures to quantify exposures to green space
and sources of natural space [27,28]. Further, green
space may not be the only contributors to the relationship
between nature and well-being. Exposure to water areas,
known as blue space, has also been linked to stress
reduction and attention restoration [33]. A few studies
that have considered effects of exposure to blue space had
reported added benefits: for example, improvements in
self-esteem and mood after exercise were greater in the
presence of water compared to green space alone [34].
Although exposure to water in the natural environment
has been posited as a theoretical mechanism for relations
with well-being, most studies have not measured blue
space. Additionally, the outcome of health has been
conceptualized differently across studies, ranging from
general mental and physical health statuses under which
emotional well-being may encompass [27,28] to specific
emotional states, clinically-diagnosed mental illnesses,
and mortality.
Few population health studies have examined the effects
of natural space on health among youth populations.
Although small-scale experimental studies have examined
the effects of nature on children’s behaviors, most largescale studies have been conducted in adult populations
[35-37]. Findings from the few analyses that have included
youth have been inconsistent due to the use of varying
health outcomes and different age groups to define youth.
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According to de Vries et al., green living environments
were not associated with reported health symptoms,
perceived general health, or perceived mental health
among Dutch youth less than 16 years old [38]. A later
study from the same research group reported that the
relationship between green space and morbidity indicators,
such as lower prevalence of depression, was strongest
among youth less than 12 years old [31]. In the United
Kingdom, Barton and Pretty concluded that effects of
green environments on self-esteem and mood were
strongest in young people, with a young person defined
as less than 30 years [34]. Hence, the relationship between
nature and emotional well-being has not been explicitly
studied, and remains unclear among youth populations.
The present study was conducted to examine the relationship between public natural space and positive emotional well-being specifically among adolescents. This is
one of few large-scale studies using robust methods and
objective measures of both green and blue spaces. Understanding the effects of the surrounding environment
on health has important implications in creating healthy
communities. However, current public policies that deal
with community settings are primarily based upon evidence generated from adults [39,40]. It is important to
fill this gap in understanding because environmental research in adults does not always translate to younger
populations [39]. Through this study, we hoped to inform decision makers on the priority of public natural
space in societal efforts to promote positive emotional
well-being among young people.

Methods
This cross-sectional study was based on Canadian records
from the 2009/10 Health Behaviour in School-aged Children (HBSC) Survey which collected information on demographic, behavioral, and contextual factors that influence
the health of young people [41]. The individual-level HBSC
records were linked to area-level data from a geographic information system [42,43] within a 5 km radius circular buffer of schools to compile objective measures describing
surrounding public natural space. Other variables derived
from the 2006 Canada Census of Population [44]. Environmental data were subsequently related to reports of emotional well-being, while controlling for covariates and
accounting for the multilevel structure of the data.
Study survey

The 2009/10 HBSC surveyed 26 078 students, grades 6
to 10 (mostly ages 11 to 16 years), within 436 schools
using an established international protocol [45]. The
sample was representative of the distribution of schools
by size, location (province/territory), language (English/
French), and school board type (public/separate). The
HBSC survey provided individual-level data for positive
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emotional well-being and other covariates. In addition to
the Student Questionnaire, the HBSC includes an Administrator Questionnaire completed by a principal or
vice-principal, which provided information about each
school and its neighborhood environment. This study
used two area-level items to inquire about neighborhood
aesthetics surrounding schools.
Natural space

Features of the public natural environment were obtained
from the CanMap RouteLogistics (version 2009.4) and Enhanced Points of Interests (version 2009.3) databases
(DMTI Spatial Inc., Markham, ON). This is a crossnational geographic information system with accurately
positioned geospatial data for boundaries and topographic
features such as land-use classifications [42,43]. Data describing the natural environment were extracted and
linked to school addresses from the HBSC using ArcGIS
9.3 software (ESRI, Redlands, CA) within a 5 km radius
circular buffer of schools. The 5 km buffer acts as a proxy
for the neighborhood environment in which students
spend the most time, consisting of their school and home
neighborhoods. Students interact with the school neighborhood during the day, and spend time in the space surrounding the school during their travels to and from
school as well as during off-premise trips. Thus, this space
is relevant to their health and health-related behaviors.
The use of this buffer size is considered reliable for social
constructs [46-48].
Features included in this extraction were: “local parks
and sport fields, provincial/territorial parks, national
parks, other parks, wooded areas, campgrounds, picnic
areas, golf courses, driving ranges, national wildlife and
migratory areas, botanical gardens, and water bodies
(such as oceans, lakes, rivers, streams)”. This procedure
resulted in 82 buffers, primarily in remote northern regions, with no green space area. These buffers were visually examined using Google Earth 6 software (Google Inc.,
Mountain View, CA), which suggested the presence of
green space. Therefore, it was assumed that the GIS database was incomplete for these regions, and these 82
schools and their students were excluded. There were 35
buffers with no water areas. The same quality checks were
employed and these buffers were included in the analysis.
This study measured public natural space in three
ways: total natural space, green space, and blue space.
Total natural space was the total area of the all public
natural features collected within the buffer, green space
included only land features, and blue space included
only water features from the extraction. The percentage
of total land within each buffer that consisted of total
natural space, green space, and blue space was estimated, and the buffers were divided into equal quartiles
based upon the distribution of values for each measure.
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Positive emotional well-being

Positive emotional well-being was measured using the
Cantril ladder [49]. Students were asked to rank their
current state of life on a 10-point scale, ranging from
worst possible (0) to best possible (10) life (see
Additional file 1). Positive emotional well-being was measured by a score of 8 and above, based upon established
precedents [45,50]. Unlike measures of emotional feelings
to immediate triggers, this ladder is a direct and global indicator of subjective well-being over time [45,51]. The
Cantril ladder is an established research tool, often used
to measure subjective well-being, life satisfaction, quality
of life, and overall happiness. It has been considered welldeveloped in the literature with good validity and stability,
and reasonable reliability [52]. The use of the ladder has
been adapted for young people [45].
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measure representing neighborhood SES: median household income, employment rate, and the percentage of
the population with greater than high school education.
Rank scores for these items were combined for each buffer, and buffers were divided into low, medium, and high
tertiles of SES based on overall rank scores, as per
existing precedents [47,48]. Urban/rural geographic location was hypothesized to be associated with natural
space [57] and has been shown to be associated with
health outcomes [58]. This study classified each buffer
according to community size as defined by Statistics
Canada and measured by the Census (population counts
from 2001 and 2006): rural area (<10 000 persons),
small city (10 000 – 99 999 persons), or metropolitan
area (>100 000 persons) [59].
Effect modifiers (Moderators)

Potential covariates

Potential covariates were considered a priori based upon
associations with emotional well-being and/or their use
in similar research. These variables will be discussed
according to their hypothesized effects as a potential
confounder and/or effect modifier (moderator), and justifications follow.
Confounders

Individual socio-economic status (SES) and perceived
neighborhood safety were self-reported by student participants. SES has been shown to be a strong determinant of health [53], and has been identified as a common
confounder in previous research [28,31,32,36]. The
current analysis used the Family Affluence Scale (FAS) to
represent student SES. This scale combines four items of
equal weight: number of vehicles owned in family, having
a bedroom to oneself, number of family vacations in the
past year, and number of computers owned [54]. Perceived
neighborhood safety may be influenced by physical neighborhood features, and may play a role in the neighborhood context of health [55]. This variable was based on
student responses using a Likert scale (‘strongly agree’ to
‘strongly disagree’) to the statement “it is safe for younger
children to play outside during the day”.
Potential confounders at the area level included neighborhood aesthetics, neighborhood SES, and urban/rural
geographic location. Neighborhoods perceived as having
better aesthetics have been associated with better selfreported mental health in adults [56]. Two questions describing neighborhood aesthetics were obtained from the
HBSC Administrator Questionnaire. Each school administrator was asked to what extent there were “garbage,
litter, or broken glass in the street or road, on sidewalks,
or in yards” and “vacant/shabby houses and buildings” in
their school’s neighborhood. Three items from the 2006
Canadian Census [44] were used to obtain a composite

Age, gender, and ethnicity were each hypothesized to
modify the relationship between natural space and positive emotional well-being. The relationship between nature and health has been shown to be different among
different age groups [31,34,38]. With respect to gender,
girls experience lower emotional well-being compared to
boys, thus it is sensible to examine the relationship separately [8]. Ethnicity has also been shown to affect health
status among children [60] and may modify the relationship between nature and health. For example, in a study
among the Dutch population, effect estimates were different for European descendents and non-European immigrants [27]. In our study, ethnicity was self-identified
by student participants, and categories were combined
based on similarities in geography and/or culture.
Urban/rural geographic location was also considered as
a potential moderator as there has been evidence for differences in the relationship between nature and health
across difference levels of urbanicity [27,38].
Study population

For this analysis, students who lived beyond a 1-hour
travel distance from school were excluded as the 5 km
residential space surrounding school had less relevance
to their living environment. Additionally, students attending the 82 schools with missing green space information were excluded. This resulted in a total of 22 171
students in 354 schools available for study. Upon removal of missing data for other key variables, the final
sample was 17 249 students in 317 schools (Figure 1).
There were no significant differences between those excluded and included in the analysis by most demographic characteristics (age, ethnicity, family affluence)
and other potential covariates. The final sample had a
slightly higher proportion of girls (by 2.9%) and a slightly
lower proportion of those reporting positive emotional
well-being (by 3.0%). A slightly lower proportion of land
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26 078 students in
436 schools

EXCLUSIONS

Take >1hr to get to school
(1 141 students)

Missing green space data
(82 schools; 2 766 students)

Missing area-level socio-economic
status from Canadian Census
(5 schools; 528 students)

Students did not answer emotional
well-being item
(586 students)

Students did not answer questions
on key covariates
(3 808 students)
17 249 students in
317 schools

Figure 1 Study sample flow chart showing incremental order of exclusion.

area in the buffers was identified as natural space in the
final sample (by 2.0%).
Statistical analysis

Statistical analyses were performed using SAS 9.2 software (SAS Institute Inc., Carry, NC). Key variables were
described using conventional descriptive statistics.
Multilevel logistic regression modeling was used to
examine relationships between natural space and
individual- and area-level covariates and positive emotional well-being, while also accounting for the clustered
nature of the sample. The PROC GLIMMIX procedure
was used to fit generalized linear models with a binomial
distribution and a logit link. All models used a Newton–
Raphson with ridging technique to aid convergence. Initially, a null model was fitted to examine area-level variance. Based on an empty logistic regression model, the

intraclass correlation coefficient (ICC) was 2.85%, indicating that 2.85% of the total variance in positive emotional well-being was accounted for by the area level.
Models were built incrementally, as per existing precedents for multilevel modeling [61]: Model 1 controlled
for all individual-level covariates (level 1), Model 2 simultaneously considered individual- and area-level (level
2) covariates, and Model 3 fitted all statistically significant individual- and area-level covariates with backwards
elimination at p < 0.05. Covariates were removed based
on descending order of significance in the model, and
the consequences of their removal on the main effect
estimates were checked as per a change in estimate
approach; variables that caused a change in the main
estimates of greater than 10% were kept in the final
model. Interaction terms were created for those considered a priori and tested within the final model. However,
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Table 1 Descriptive characteristics of student study
population (N = 17 249)
Variable

n

Table 1 Descriptive characteristics of student study
population (N = 17 249) (Continued)
%

Urban/rural geographic location

Individual-level

Rural area (<10 000)

4 809

27.9

Gender

Small city (10 000–99 999)

7 085

41.1

Metropolitan area (≥100 000)

5 355

31.0

Boys

8 196

47.5

Girls

9 053

52.5

≤11

2 378

13.8

12

3 474

20.1

13

3 331

19.3

14

3 314

19.2

15

3 404

19.7

≥16

1 348

7.8

Caucasian

12 254

71.0

Aboriginal

1 085

6.3

East and Southeast Asian

Age (years)

Ethnicity

1 032

6.0

South Asian

445

2.6

West Asian and Arab

212

1.2

Black

318

1.8

Other

578

3.4

Mixed

1 325

7.7

Low (FAS 0–3)

1 305

7.6

Medium (FAS 4–5)

5 991

34.7

High (FAS 6–7)

9 953

57.7

1 256

7.3

Family affluence

no significant interactions by age (p = 0.29), gender (p =
0.50), ethnicity (p = 0.17), or urban/rural geographic
location (p = 0.28) were observed. Models were also fitted with random slopes of the main exposure variable,
but the fit was not improved from the model assuming
fixed slopes. Therefore, all models in the analysis
contained random intercepts only. Since the outcome of
positive emotional well-being was common (>10%), odds
ratio from regression models were converted to relative
risks using Zhang and Yu’s method [62].
A stratified analysis was also conducted since the distributions of various natural space features were found
to be different across rural, small city, and metropolitan
areas (data not shown). Finally, a sensitivity analysis was
conducted because not all student participants may have
lived within the 5 km buffer of their school. Distance
from school was calculated using GIS, and the regression
analysis was repeated for those students who lived
within a 5 km direct distance of their school (N = 9 271),
as per their home postal codes.
Human subjects

Neighborhood is safe for playing
1 (disagree/strongly disagree)

FAS, Family Affluence Scale.
SES, Socio-economic status.

2 (neither agree/disagree)

2 904

16.8

3 (agree)

7 860

45.6

4 (strongly agree)

5 229

30.3

Not a problem

12 989

75.3

Minor problem

3 187

18.5

Moderate/major problem

1 073

6.2

Not a problem

5 467

31.7

Minor problem

8 934

51.8

Moderate/major problem

2 848

16.5

4 994

29.0

Area-level

The HBSC holds ethics approval from the Queen’s
University General Research Ethics Board (approval
GEDUC: 430–9). Consent was received from school boards,
schools, and parents/guardians prior to survey execution.
At the student level, participation was based upon implicit
or explicit consent, as per local school board requirements.

Neighborhood rundown houses

Neighborhood litter/garbage

Neighborhood SES
Low (lowest tertile)
Medium

6 008

34.8

High (highest tertile)

6 247

36.2

Results
Descriptive findings

Descriptions of the student population (N = 17 249) and
participating schools (N = 317) are provided in Tables 1
and 2. Slightly higher proportions of girls were included
compared to boys (by 5%) over a range of ages. The sample consisted mostly of Caucasian-identified students
(71.0%), students from highly affluent families (57.7%),
and students from small cities (41.1%). On average, 27.2%
of the area within the 5 km buffers was comprised of natural space (17.4% green space and 9.8% blue space).
As seen in Table 3, a slightly higher proportion of boys
reported positive emotional well-being compared to girls
(58.5% versus 51.6%). There were noticeable and statistically significant trends in the associations among

Huynh et al. BMC Public Health 2013, 13:407
http://www.biomedcentral.com/1471-2458/13/407

Page 7 of 14

Table 2 Descriptive characteristics of study schools (N = 317)
according to area-level variables
Variable
Natural Environment

Mean

SD

Total natural space

27.2%

22.9

Green space

17.4%

18.0

9.8%

13.1

n

%

Not a problem

234

73.8

Minor problem

57

18.0

Moderate/major problem

26

8.2

Not a problem

103

32.5

Minor problem

163

51.4

51

16.1

Blue space

Neighborhood rundown houses

Neighborhood litter/garbage

Moderate/major problem
Neighborhood SES
Low (lowest tertile)

97

30.5

Medium

109

34.4

High (highest tertile)

111

35.0

Urban/rural geographic location
Rural area (<10 000)

90

28.4

Small city (10 000–99 999)

116

36.6

Metropolitan area (≥100 000)

111

35.0

SES, Socio-economic status.

positive emotional well-being and younger ages, higher
family affluence, higher perceived neighborhood safety,
lower neighborhood rundown houses, and lower neighborhood litter/garbage problems. Ethnicity was also significantly associated with positive emotional well-being,
with the proportion of students reporting positive emotional well-being lowest among Aboriginal students
(41.4%). Positive emotional well-being was not noticeably different across levels of neighborhood SES or
urban/rural geographic location.
Relation between natural space and emotional well-being

Table 3 also presents a hierarchical series of multivariate
analyses. The effect estimates observed for the relationship between total natural space and positive emotional
well-being in the final model were not statistically significant, were inconsistent, and no significant linear
trends were present. Compared to students living in the
lowest quartile of natural space, the strongest relationship existed for those who lived in the third quartile
(RR: 1.05; 95% CI: 1.00-1.10), although the magnitude of
effect was weak.
Throughout the model building process, individuallevel variables were consistently associated with positive

emotional well-being. For example, in the final multivariate model, girls were less likely to report positive
emotional well-being compared to boys (RR: 0.88; 95%
CI: 0.86-0.91). Older students reported lower emotional
well-being compared to their younger counterparts (RR
for students ≥16 years compared to those ≤11 years:
0.81; 95% CI: 0.75-0.87). Aboriginal students reported
lower emotional well-being compared to Caucasian students (RR: 0.81; 95% CI: 0.75-0.87). Students from highly
affluent families experienced higher emotional wellbeing compared to those from the least affluent families
(RR: 1.27; 95% CI: 1.23-1.31). Reported high levels of
perceived neighborhood safety were associated with
positive emotional well-being (RR: 1.35; 95% CI: 1.281.41). High levels of perceived rundown houses were
weakly associated with decreased emotional well-being
(RR: 0.92; 95% CI: 0.85-1.00).
Table 4 summarizes the focal relationships between
the three measures of natural space with positive emotional well-being. The results were adjusted for the same
covariates as determined in Model 3 of Table 3. The pattern of effects across quartiles appeared similar for total
natural space, green space, and blue space. There was a
significant linear trend observed for the overall relationship with blue space (p = 0.04), although the effects were
weak. Results from a stratified analysis showed different
effects across urban/rural geographic location (Table 4).
Although effects were weak, stronger protective effects
of total natural space and blue space were detected in
small cities compared to rural and metropolitan areas.

Sensitivity analysis

The sensitivity analysis conducted among students
known to live within 5 km of their school is presented in
Table 5. Characteristics of this subsample (N = 9 271)
were similar to those of the main study sample. There
was a weak protective effect found in the third quartile
of total natural space, compared to quartile one (RR:
1.11; 95% CI: 1:05–1.17), and there was a significant linear trend (p = 0.04). The pattern of effects for green
space was inconsistent, was not statistically significant,
and no linear trend was detected. With regards to blue
space, there was a weak protective effect with a significant linear trend, and this was similarly observed for
small cities and metropolitan areas. Differences in effects
across urban/rural geographic location can only be compared between small cities and metropolitan areas because no results were obtained for rural areas due to
lack of convergence in model building. The strongest effects were detected for the relationship between green
space and positive emotional well-being in small cities,
although once again, effects were modestly weak and no
significant trend was detected.
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Table 3 Bivariate and multivariate analyses of association between total natural space and positive emotional wellbeing (N = 17 249)
Positive emotional
well-being
n

%

Model PEWa

Model 1b

Model 2c

Model 3d

RR (95% CI)

RR (95% CI)

RR (95% CI)

RR (95% CI)

Total natural space
1 (0.0% - 8.8%)

2 270

55.5

1.00

1.00

1.00

1.00

2 (8.8% - 24.3%)

2 347

52.3

0.94 (0.88-1.00)

0.99 (0.94-1.03)

0.98 (0.93-1.03)

0.99 (0.94-1.03)

3 (24.3% - 46.3%)

2 731

57.5

1.03 (0.98-1.09)

1.05 (1.00-1.10)

1.05 (1.00-1.10)

1.05 (1.00-1.10)

4 (46.3% - 95.0%)

2 118

54.0

1.00 (0.93-1.06)

1.01 (0.95-1.06)

1.02 (0.96-1.08)

1.01 (0.95-1.06)

0.36

0.23

0.11

0.22

1.00

1.00

1.00

1.00

P trend
Individual-level
Gender
Boys

4 795

58.5

Girls

4 671

51.6

P value

0.88 (0.86-0.91)

0.88 (0.86-0.91)

0.88 (0.86-0.91)

0.88 (0.86-0.91)

<0.0001

<0.0001

<0.0001

<0.0001

Age
≤11

1 451

61.0

1.00

1.00

1.00

1.00

12

2 098

60.4

0.99 (0.95-1.04)

1.00 (0.95-1.04)

1.00 (0.95-1.04)

1.00 (0.95-1.04)

13

1 838

52.2

0.91 (0.86-0.95)

0.91 (0.86-0.96)

0.91 (0.86-0.96)

0.91 (0.87-0.96)

14

1 739

52.5

0.87 (0.82-0.92)

0.87 (0.83-0.92)

0.87 (0.83-0.92)

0.87 (0.83-0.93)

15

1 693

49.7

0.81 (0.77-0.86)

0.83 (0.78-0.87)

0.82 (0.77-0.87)

0.83 (0.77-0.87)

647

48.0

≥16
P trend

0.78 (0.72-0.84)

0.81 (0.75-0.87)

0.81 (0.75-0.87)

0.81 (0.75-0.87)

<0.0001

<0.0001

<0.0001

<0.0001

Ethnicity
Caucasian

6 963

56.8

1.00

1.00

1.00

1.00

Aboriginal

449

41.4

0.75 (0.69-0.80)

0.80 (0.75-0.86)

0.81 (0.75-0.87)

0.81 (0.75-0.87)

East and Southeast Asian

511

49.5

0.87 (0.81-0.93)

0.94 (0.88-1.00)

0.94 (0.88-1.00)

0.94 (0.88-1.00)

South Asian

263

59.1

1.03 (0.94-1.12)

1.07 (0.98-1.15)

1.07 (0.98-1.16)

1.07 (0.99-1.16)

West Asian and Arab

120

56.6

1.01 (0.89-1.13)

1.08 (0.95-1.19)

1.08 (0.96-1.20)

1.08 (0.96-1.20)

Black

166

52.2

0.95 (0.85-1.05)

1.03 (0.93-1.13)

1.04 (0.93-1.14)

1.04 (0.94-1.14)

Other

304

52.6

0.93 (0.86-1.01)

0.97 (0.90-1.05)

0.98 (0.90-1.05)

0.98 (0.90-1.05)

Mixed

690

52.1

P value

0.92 (0.87-0.97)

0.95 (0.90-1.00)

0.95 (0.90-1.01)

0.95 (0.90-1.01)

<0.0001

<0.0001

<0.0001

<0.0001

Family affluence
Low (FAS 0–3)

495

37.9

1.00

1.00

1.00

1.00

Medium (FAS 4–5)

2 875

48.0

1.25 (1.17-1.33)

1.22 (1.13-1.30)

1.22 (1.13-1.30)

1.21 (1.13-1.30)

High (FAS 6–7)

6 096

61.3

1.30 (1.26-1.34)

1.27 (1.23-1.31)

1.27 (1.23-1.31)

1.27 (1.23-1.31)

<0.0001

<0.0001

<0.0001

<0.0001

P trend
Neighborhood is safe for playing
1 (disagree/strongly disagree)

583

46.4

1.00

1.00

1.00

1.00

2 (neither agree/disagree

1 358

46.8

1.01 (0.94-1.08)

1.02 (0.94-1.09)

1.02 (0.94-1.09)

1.02 (0.94-1.09)

3 (agree)

4 116

52.3

1.13 (1.07-1.20)

1.12 (1.05-1.18)

1.12 (1.05-1.18)

1.12 (1.05-1.18)

4 (strongly agree)

3 412

65.3

1.39 (1.33-1.45)

1.35 (1.28-1.41)

1.35 (1.28-1.41)

1.35 (1.28-1.41)

<0.0001

<0.0001

<0.0001

<0.0001

P trend
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Table 3 Bivariate and multivariate analyses of association between total natural space and positive emotional wellbeing (N = 17 249) (Continued)
Area-level
Neighborhood rundown houses
Not a problem

7 286

56.1

1.00

1.00

1.00

Minor problem

1 666

52.3

0.92 (0.87-0.92)

0.96 (0.91-1.01)

0.96 (0.91-1.00)

514

48.0

0.85 (0.77-0.85)

0.93 (0.85-1.04)

0.92 (0.85-1.00)

<0.0001

0.005

0.009

Moderate/major problem
P trend
Neighborhood litter/garbage
Not a problem

3 089

56.5

1.00

1.00

Minor problem

4 932

55.2

0.97 (0.92-0.97)

1.00 (0.96-1.05)

Moderate/major problem

1 445

50.7

0.87 (0.81-0.87)

0.96 (0.90-1.03)

0.0003

0.58

P trend
Neighborhood SES
Low (lowest tertile)

2 735

54.8

1.00

1.00

Medium

3 217

53.6

0.99 (0.94-0.99)

0.98 (0.94-1.03)

High (highest tertile)

3 514

56.3

1.03 (0.98-1.03)

0.97 (0.92-1.02)

0.20

0.21

P trend
Urban/rural geographic location
Rural area (<10 000)

2 655

55.2

1.00

1.00

Small city (10 000–99 999)

3 951

55.8

1.02 (0.97-1.02)

0.99 (0.94-1.04)

Metropolitan area (≥100 000)

2 860

53.4

0.98 (0.92-0.98)

1.01 (0.97-1.07)

0.37

0.51

P trend

The intraclass correlation coefficient is 2.85%.
a
Model PEW: Bivariate models of positive emotional well-being and each covariate.
b
Model 1: Multivariate model with individual-level covariates only.
c
Model 2: Multivariate model with individual- and area-level covariates.
d
Model 3: Multivariate model with individual- and area-level covariates significant at p < 0.05 in Model 2.
RR (95% CI), Risk ratio (95% Confidence Intervals).
FAS, Family Affluence Scale.
SES, Socio-economic status.

Discussion
Our study findings suggest that, in general, public natural
space is not strongly associated with positive emotional
well-being in young people. The observed associations
were weak and lacked consistency. Sub-analyses with
green space and blue space and the sensitivity analysis also
demonstrated weak associations and inconsistent trends.
However, the findings in small cities suggest a small difference in positive emotional well-being based on the context
of geographic location, such that youth in small cities may
benefit more from natural space. The trend detected with
blue space suggests a mechanistic difference between how
blue and green spaces influence emotional well-being.
Nonetheless, the weak effect estimates render these observations inconclusive.
The pattern seen in the effect estimates detected in
quartile 3 suggests that moderate exposure to public natural space in one’s neighborhood environment may be
most beneficial. A possible explanation for a lower protective effect in areas of higher exposure (i.e. quartile 4)

may be linked to the composition of natural space. Different types of natural space may have differential importance based on quality and relevance to youth. For
example, quartile 4 was made up of a greater proportion
of wooded areas (see Additional file 2). These types of
green space may not be maintained and/or conducive to
activities similar to areas such as parks. This suggests
that these areas may not be as relevant for emotional
well-being among youth, if a relationship exists. Alternatively, the higher effect detected in quartile 3 may suggest a more optimal environmental composition for
emotional well-being. For example, these neighborhoods
contained more blue space, and thus the detected relationship may be explained by exposure to water.
Several personal factors were modestly associated with
emotional well-being in young people. These findings
were in general consistent with existing literature. Girls
may be at greater risk of poor emotional well-being
[8,31]; positive emotional well-being may decline with
age through adolescence [8]; positive emotional well-
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Table 4 Multivariate subgroup analyses of associations
between various natural space measures and positive
emotional well-being (N = 17 249)
Quartiles

Table 5 Sensitivity analysis of selected students known to
live within 5 km buffer (N = 9 271)
Quartiles

Total natural space

Green space

Blue space

RR (95% CI)a

RR (95% CI)a

RR (95% CI)a

1.00

1.00

1.00

2

1.00 (0.94-1.06)

1.00 (0.93-1.06)

1.02 (0.96-1.08)

3

1.11 (1.05-1.17)

1.05 (0.99-1.11)

1.08 (1.01-1.14)

Total natural space

Green space

Blue space

RR (95% CI)a

RR (95% CI)a

RR (95% CI)a

1

1

1.00

1.00

1.00

2

0.99 (0.94-1.03)

0.98 (0.93-1.03)

1.02 (0.97-1.07)

3

1.05 (1.00-1.10)

1.03 (0.98-1.08)

1.06 (1.01-1.11)

4

1.03 (0.96-1.09)

1.03 (0.96-1.09)

1.08 (1.02-1.14)

4

1.01 (0.95-1.06)

1.01 (0.96-1.06)

1.04 (0.99-1.09)

P trend

0.04

0.19

0.003

P trend

0.22

0.34

0.04

By urban/rural geographic location

By urban/rural geographic location

Rural area

Rural area

1

1.00

1.00

1.00

1

1.00

1.00

1.00

2

-

-

-

2

0.94 (0.85-1.03)

0.98 (0.87-1.05)

1.01 (0.91-1.11)

3

-

-

-

3

0.97 (0.88-1.06)

1.03 (0.81-1.06)

0.93 (0.82-1.04)

4

-

-

-

4

0.94 (0.83-1.05)

1.04 (0.83-1.08)

0.99 (0.91-1.07)

P trend

-

-

-

P trend

0.30

0.24

0.58

Small city
1

1.00

1.00

1.00

1

1.00

1.00

1.00

2

0.98 (1.01-1.22)

1.08 (0.95-1.20)

1.10 (0.97-1.22)

2

1.11 (1.01-1.20)

1.05 (0.95-1.15)

1.11 (1.02-1.20)

3

1.12 (1.07-1.32)

1.14 (1.03-1.24)

1.15 (1.03-1.26)

3

1.16 (1.07-1.25)

1.10 (1.01-1.18)

1.15 (1.07-1.24)

4

1.11 (1.00-1.22)

1.06 (0.95-1.16)

1.19 (1.07-1.29)

4

1.12 (1.03-1.21)

1.07 (0.98-1.15)

1.14 (1.05-1.22)

P trend

0.05

0.35

0.001

P trend

0.03

0.11

0.008

Metropolitan area

Small city

Metropolitan area

1

1.00

1.00

1.00

1

1.00

1.00

1.00

2

0.97 (0.87-1.08)

0.98 (0.85-1.11)

1.03 (0.93-1.14)

2

0.97 (0.88-1.05)

0.98 (0.87-1.08)

1.01 (0.93-1.09)

3

1.11 (0.99-1.22)

1.03 (0.90-1.16)

1.14 (1.03-1.25)

3

1.05 (0.96-1.14)

1.03 (0.92-1.13)

1.10 (1.02-1.18)

4

1.10 (0.95-1.24)

1.12 (0.97-1.26)

1.15 (1.01-1.29)

4

1.03 (0.91-1.14)

1.04 (0.92-1.15)

1.07 (0.96-1.18)

P trend

0.06

0.07

0.004

P trend

0.26

0.23

0.02

RR (95% CI), Risk ratio (95% Confidence Intervals).
a
Adjusted for gender, age, ethnicity, family affluence, perceived neighborhood
safety, and neighborhood rundown houses as determined in Model 3 of
Table 3.

RR (95% CI), Risk ratio (95% Confidence Intervals).
a
Adjusted for gender, age, ethnicity, family affluence, perceived neighborhood
safety, and neighborhood rundown houses as determined in Model 3 of
Table 3.

being was associated with higher family affluence [19],
higher levels of perceived neighborhood safety [55], and
lower levels of perceived rundown houses in neighborhoods [63]. There were also differences across ethnicities, with positive emotional well-being particularly low
among Aboriginal students [64], although some sample
sizes were low for non-Caucasian students. These associations indicate the importance of individual factors on
emotional well-being among youth. Further, the intraclass correlation coefficient (2.85%) supports that variation in emotional well-being was more accounted for
by the individual level rather than the area level.
Although previous population studies have made conclusions for an association between nature and health,
many studies found weak effect estimates, similar in magnitude to those detected in our study. Research from the
Netherlands has found varying degrees of associations

between green space and high perceived health (β: -0.009;
SE: 0.003 [35]; β: 0.006; SE: 0.001 [27]), and low prevalence
of mental health illnesses (OR range: 0.95-0.98) [31]. Similarly, a study from England showed that those from areas
of higher green space reported lower rates of poor health
(β: -0.021; p < 0.000; R2 = 0.8398) [28]. A study among Japanese seniors yielded weak odds ratio of 1.13-1.17 for a relationship between green space access and longevity [32].
Compared to studies that have found relationships between natural space and health, there are a number of
possible explanations for the null findings of our study.
First, studies, such as Sugiyama et al.’s [35], concluding
strong associations have been observed in adults, and it
is possible that the effect of natural space is different in
young populations. Possible reasons for differences in
effect between youth and adults may lie in variations in
perceptions, usage, and interactions with natural space.
Youth may not perceive natural space in the same way,
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and thus they may use and interact with natural space
differently [65]. While adults may appreciate natural
space for tranquility and reflection, youth may associate
natural space more with play and socialization. Further,
while adults may dictate their own decisions on where,
when, and how to interact with natural space, youth may
not have the same independent mobility because parents/guardians’ decisions may influence where they go
and where they play [66,67]. Alternatively, for those
youth with independent mobility, natural space may
serve as gathering places for delinquent and antisocial
behaviors instead of retreats for health promotion [67].
Second, the relationship between nature and emotional well-being may be context specific. As seen
through the stratified analysis, effects were more pronounced for those in small cities. This finding was similar to Maas et al.’s observation that the relationship
between green space and disease was strongest in
slightly urban areas [31]. Young people may have a different relationship with public natural space based on
the composition of their communities. Nature deficit
disorder, a condition describing the decreasing use of
natural space among youth because of increased electronic media and/or greater safety concerns surrounding
young people being outside without supervision, is particularly high among urban youth [68-70]. In contrast,
rural areas typically have an over-abundance of natural
space, with few youth having low exposure. Therefore,
the role of natural space may not be as important as
other factors that affect emotional well-being. The lack
of associations in rural areas in our study may be
reflected by the lack of data for private and agricultural
natural space, which account for a large proportion of
the natural space in rural areas.
Further, our findings may be attributable to variations
in geography, lifestyle, and/or culture that are specific to
Canada. To our knowledge, no existing studies have
assessed this relationship at a population level in
Canada. Richardson et al. suggested that the high abundance and less spatial variation of green space in New
Zealand, which is different compared to the Netherlands
and England where much of the previous literature is
based upon, accounted for the lack of association found
between green space and mortality risk in their study
[71]. Similarly, there is a different spatial composition in
Canada compared to these countries. Although Canada
has greater total land size and natural space area, the
average natural space within the 5 km buffer measured
in this study was lower than those measured in the
Netherlands and England [27,28]. This may indicate that
more of the natural space in Canada is located outside
of the living neighborhood. The “car culture” [72] and
tendency to drive may encourage Canadians to seek out
faraway natural settings, and perhaps natural space close
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to home may not be as relevant. Additionally, climatic
variations may play a role in how Canadians interact
with the natural environment differently than those
studied in other nations. For instance, patterns of usage
of natural space would differ during the summer and
winter months, and Canadians may have limited access
to natural space due to winter conditions. This may have
affected our ability to detect an effect as the HBSC was
conducted during the fall, winter, and early spring.
Strengths and limitations

Strengths of this study warrant comment. In a national
analysis, we integrated health and spatial data to investigate the relationship between natural space and emotional well-being. This study intentionally focused this
relationship in populations of young people. It is also
one of the few population studies that have employed
GIS techniques to obtain objective measures of natural
space. Further, the study is well powered, and the multilevel modeling allowed for examination of effects at the
individual and area levels. The analysis investigated and
controlled for important covariates in the relationship of
interest, which also addressed a methodological gap of
previous research.
This study has some shortcomings. First, the crosssectional design does not allow for confirmation of temporality, and subsequently, causality. Second, the measure of public natural space is limited because no data
were available for privately owned natural space such as
yards at the home and agricultural land. Therefore, the
exposure measurement may be underestimated, particularly in rural areas. As well, this study was not able to
consider the quality and usage of the natural space measured, which may be a critical part in the relationship
between nature and emotional well-being. Third, the use
of the 5 km radius buffer around schools may lead to
misclassification of the natural space measures as this
was used as a proxy for home neighborhoods. However,
the findings in the sensitivity analysis suggest that this
was not a major concern because results for those
known to live within the buffer were similar to those in
the overall study population.
Implications

This type of research has the potential to inform the direction of health promotion strategies and urban planning decisions. Firstly, descriptive findings indicate that advocacy
for policies and funding devoted to promotion of positive
emotional well-being among youth is merited since only
over half of young Canadians reported high levels. Exposure to public natural space appeared to have limited importance on positive emotional well-being of young
people. There may be differences in this effect based on
geographic context worthy of further consideration.
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Overall, focus should be placed upon more proximal variables such as individual factors and family affluence that
showed stronger influences. This information is important
to not only understand the health of this population, but
may also help in the evaluation of current efforts that focus
on emotional well-being among youth. Further, such
knowledge may be useful in identifying vulnerable groups
that require directed attention. Understanding factors that
strongly influence emotional well-being may help to create
more effective and specific public health programs and
strategies.
Although findings of this study did not indicate a
strong association between natural space and emotional
well-being in young people, the potential health effects
of natural space cannot be dismissed entirely. Natural
space may, for instance, have different effects in adult
populations, and it may impact other health outcomes
such as physical activity that were not assessed in this
study.

Conclusion
This population study of Canadian youth did not provide
strong evidence for the relationship between natural
space and emotional well-being. The relation between
nature and health may be context specific, and thus different for different geographic locations and for the Canadian population. Next steps in this field include studies
examining the quality and usage of natural space and the
role of context as determinants of well-being. Findings
lend strong support that the main influences of emotional well-being among youth are personal factors. Efforts to promote positive emotional well-being in this age
group must focus on the individual context as a priority.
Additional files
Additional file 1: Emotional well-being item on HBSC Survey.
Additional file 2: Median proportions of natural space features by
quartile of total natural space.

Abbreviations
HBSC: Health Behaviour In School-Aged Children; GIS: Geographic
information system; SES: Socio-economic status; FAS: Family Affluence Scale;
SAS: Statistical Analysis Software; RR (95% CI): Risk ratio (95% Confidence
Intervals).
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
The conception and design of this study was a collaborative effort between
all study authors. Access to and collection of data were led by WP and IJ. QH
performed the statistical analysis and drafted the manuscript, with
conceptual and editorial support from WP, WC, and IJ. All authors read and
approved the final manuscript.

Page 12 of 14

Acknowledgements
We thank Andrei Rosu for contributions in the GIS data collection, as well as
PhD candidates Laura Seliske and Valerie Carson for intellectual
contributions.
The Health Behaviour in School-aged Children (HBSC) Survey is a
collaborative study through the World Health Organization – European
Region (International Coordinator: Candice Currie, University of Edinburgh;
Data Bank Manager: Oddrun Samdal, University of Bergen). This manuscript
reports data solely from Canada (Principal Investigators: William Pickett and
John Freeman; National Coordinator: Matthew King, Queen’s University). The
Canadian HBSC was funded by the Public Health Agency of Canada and
Health Canada.
This study was funded by an operating grant from the Canadian Institutes of
Health Research (MOP 97962) and an operating grant co-funded by the
Canadian Institutes of Health Research and the Heart and Stroke Foundation
of Canada (PCR 101415). QH was supported by a master’s award from the
Canadian Institutes of Health Research and a research fellowship from
Empire Life. IJ was supported by a Canada Research Chair and an
investigator award from the Ontario Ministry of Research and Innovation.
These funding bodies were not involved in the design, collection, analysis, or
interpretation of the study data.
Author details
1
Department of Community Health and Epidemiology, Queen’s University,
Kingston, Canada. 2Department of Psychology, Queen’s University, Kingston,
Canada. 3School of Kinesiology and Health Studies, Queen’s University,
Kingston, Canada. 4Department of Emergency Medicine, Queen’s University,
Kingston, Canada.
Received: 1 August 2012 Accepted: 25 March 2013
Published: 29 April 2013
References
1. Greenspoon PJ, Saklofske DH: Toward an integration of subjective wellbeing and psychopathology. Soc Indicators Res 2001, 54(1):81–108.
2. Seligman MEP, Csikszentmihalyi M: Happiness, excellence, and optimal
human functioning [Special issue]. Am Psychol 2000, 55(1):5–183.
3. Huebner ES, Suldo SM, Valois RF: What do children need to flourish?
Conceptualizing and Measuring Indicators of Positive Development. In
Children’s Life Satisfaction. Edited by Moore KA LL. New York, NY, USA:
Springer Science & Business Media; 2005:41–59.
4. Tugade MM, Fredrickson BL, Feldman Barrett L: Psychological resilience
and positive emotional granularity: Examining the benefits of positive
emotions on coping and health. J Pers 2004, 72(6):1161–1190.
5. Koivumaa-Honkanen H, Honkanen R, Viinamaki H, Heikkila K, Kaprio J,
Koskenvuo M: Life satisfaction and suicide: A 20-year follow-up study.
Am J Psychiatry 2001, 158(3):433–439.
6. Elder GH Jr: The life course as developmental theory. Child Dev 1998,
69(1):1–12.
7. Call KT, Riedel AA, Hein K, McLoyd V, Petersen A, Kipke M: Adolescent
Health and Well-Being in the Twenty-First Century: A Global Perspective.
J Res Adolescence 2002, 12(1):69–98.
8. Currie C, Gabhainn SN, Godeau E, Roberts C, Smith R, Currie D, Pickett W,
Richter M, Morgan A, Barnekow V: Inequalities in young people’s health.
Copenhagen, Denmark: WHO Regional Office for Europe; 2008.
9. World Health Organization: Mental Health: a state of well-being. http://www.
who.int/topics/mental_health/en/.
10. Canada H: Strategies for population health - Investing in the health of
Canadians. Probe 1996, 30(3):106–108.
11. Grenon J, Butler G, Adams R: Exploring the intersection between the built
environment and health behaviours. http://www.hc-sc.gc.ca/sr-sr/pubs/hprrpms/bull/2007-people-place-gens-lieux/explor-eng.php.
12. Frank LD, Engelke PO: The built environment and human activity
patterns: exploring the impacts of urban form on public health. J Plan Lit
2001, 16(2):202–218.
13. Dannenberg AL, Jackson RJ, Frumkin H, Schieber RA, Pratt M, Kochtitzky C,
Tilson HH: The impact of community design and land-use choices on
public health: a scientific research agenda. Am J Public Health 2003,
93(9):1500–1508.
14. Kaplan R, Kaplan S: The experience of nature: A psychological perspective.
Cambridge, England: Cambridge University Press; 1989.

Huynh et al. BMC Public Health 2013, 13:407
http://www.biomedcentral.com/1471-2458/13/407

15. Cohen DA, McKenzie TL, Sehgal A, Williamson S, Golinelli D, Lurie N:
Contribution of public parks to physical activity. Am J Public Health 2007,
97(3):509–514.
16. Bott S, Cantrill JG, Myers OE Jr: Place and the promise of conservation
psychology. Hum Ecol Rev 2003, 10(2):100–112.
17. Kaplan S: The urban forest as a source of psychological well-being. In Urban
Forest Landscapes: Integrating Multidisciplinary Perspectives. Edited by Bradley
GA. Seattle, Washington, USA: University of Washington Press; 1995.
18. Maas J, Van Dillen SME, Verheij RA, Groenewegen PP: Social contacts as a
possible mechanism behind the relation between green space and
health. Health Place 2009, 15(2):586–595.
19. Lee A, Maheswaran R: The health benefits of urban green spaces: a
review of the evidence. J Public Health 2010, 33(2):212–222.
20. Parsons R: The potential influences of environmental perception on
human health. J Environ Psychol 1991, 11(1):1–23.
21. Maller C, Townsend M, Brown P, St Leger L: Healthy parks healthy people:
The health benefits of contact with nature in a park context. Burwood,
Australia: Deakin University; 2002.
22. Mayer FS, Frantz CMP, Bruehlman-Senecal E, Dolliver K: Why Is Nature
Beneficial? Environ Behav 2009, 41(5):607–643.
23. Taylor AF, Kuo FE, Sullivan WC: Views of nature and self-discipline:
evidence from inner city children. J Environ Psychol 2002,
22(1–2):49–63.
24. Wells NM, Evans GW: Nearby nature. Environ Behav 2003, 35(3):311–330.
25. Kuo FE, Sullivan WC: Aggression and violence in the inner city.
Environ Behav 2001, 33(4):543–571.
26. Bowler DE, Buyung-Ali LM, Knight TM, Pullin AS: A systematic review of
evidence for the added benefits to health of exposure to natural
environments. BMC Public Health 2010, 10(1):456–466.
27. Maas J, Verheij RA, Groenewegen PP, De Vries S, Spreeuwenberg P: Green
space, urbanity, and health: how strong is the relation? J Epidemiol
Commun H 2006, 60(7):587–592.
28. Mitchell R, Popham F: Greenspace, urbanity and health: relationships in
England. J Epidemiol Commun H 2007, 61(8):681–683.
29. Toftager M, Ekholm O, Schipperjin J, Stigsdotter U, Bentsen P, Gronbaek M,
Randrup TB, Kamper-Jorgensen F: Distance to green space and physical
activity: a Danish national representative survey. J Phys Act Health 2011,
8(6):741–749.
30. Mutton OT, Townsend N, Rutter H, Foster C: Green space and physical
activity: An observational study using the Health Survey for England
data. Health Place 2012, 18(5):1034–1041.
31. Maas J, Verheij RA, De Vries S, Spreeuwenberg P, Schellevis FG,
Groenewegen PP: Morbidity is related to a green living environment.
J Epidemiol Commun H 2009, 63(12):967–973.
32. Takano T, Nakamura K, Watanabe M: Urban residential environments and
senior citizens’ longevity in megacity areas: the importance of walkable
green spaces. J Epidemiol Commun H 2002, 56(12):913–918.
33. Volker S, Kistemann T: The impact of blue space on human health and
well-being – Salutogenetic health effects of inland surface waters: A
review. Int J Hyg Envir Heal 2011, 214(6):449–460.
34. Barton J, Pretty J: What is the best dose of nature and green exercise for
improving mental health? A multi-study analysis. Environ Sci Technol 2010,
44(10):3947–3955.
35. Sugiyama T, Leslie E, Giles-Corti B, Owen N: Associations of
neighbourhood greenness with physical and mental health: do walking,
social coherence and local social interaction explain the relationships?
J Epidemiol Commun H 2008, 62(5):e9–e14.
36. Nielsen TS, Hansen KB: Do green areas affect health? Results from a
Danish survey on the use of green areas and health indicators. Health
Place 2007, 13(4):839–850.
37. Stigsdotter UK, Ekholm O, Schipperijn J, Toftager M, Kamper-Jorgensen F,
Randrup TB: Health promoting outdoor environments-Associations
between green space, and health, health-related quality of life and
stress based on a Danish national representative survey. Scand J Public
Health 2010, 38(4):411–417.
38. De Vries S, Verheij RA, Groenewegen PP, Spreeuwenberg P: Natural
environments-healthy environments? An exploratory analysis of the
relationship between greenspace and health. Environ Plann A 2003,
35(10):1717–1732.
39. McAllister C: Child Friendly Cities and land use planning: Implications for
children’s health. Environments 2008, 35(3):45–61.

Page 13 of 14

40. United Nations Children’s Fund: Building Child Friendly Cities: A framework for
action [http://www.childfriendlycities.org/en/building-a-cfc].
41. Health Behaviour in School-aged Children. http://www.hbsc.org.
42. DMTI Spatial Inc: User Manual: CanMap RouteLogistics Version 2009.4.
Markham, ON, Canada; 2009.
43. DMTI Spatial Inc: User Manual: Enhanced Points of Interest. Version 2009.3.
Markham, ON, Canada; 2009.
44. Statistics Canada: Census. http://www12.statcan.ca/census-recensement/
index-eng.cfm.
45. Currie C, Samdal O, Boyce W, Smith B: Health Behaviour in School-Aged
Children: A World Health Organization Cross-National Study. Research Protocol
for the 2001/02 Survey. Copenhagen, Denmark: University of Edinburgh;
2001.
46. Mecredy G, Pickett W, Janssen I: Street connectivity is negatively
associated with physical activity in Canadian youth. Int J Environ Res
Public Health 2011, 8(8):3333–3350.
47. Seliske LM, Pickett W, Boyce WF, Janssen I: Association between the food
retail environment surrounding schools and overweight in Canadian
youth. Public Health Nutr 2009, 12(9):1384–1391.
48. Janssen I, Boyce WF, Simpson K, Pickett W: Influence of individual-and
area-level measures of socioeconomic status on obesity, unhealthy
eating, and physical inactivity in Canadian adolescents. Am J Clin Nutr
2006, 83(1):139–145.
49. Cantril H: The pattern of human concern. New Brunswick, New Jersey, USA:
Rutgers University Press; 1965.
50. Boyce WF, King MA, Roche J: Healthy Settings for Young People in Canada.
Ottawa, ON, Canada: Public Health Agency of Canada; 2008.
51. Pavot W, Diener E: Review of the satisfaction with life scale. Psychol Assess
1993, 5(2):164–172.
52. Atkinson T: The stability and validity of quality of life measures.
Soc Indicators Res 1982, 10:113–132.
53. Mitchell R, Popham F: Effect of exposure to natural environment on
health inequalities: an observational population study. Lancet 2008,
372(9650):1655–1660.
54. Currie CE, Elton RA, Todd J, Platt S: Indicators of socioeconomic status for
adolescents: the WHO Health Behaviour in School-aged. Health Educ Res
1997, 12:385–397.
55. Aneshensel CS, Sucoff CA: The neighborhood context of adolescent
mental health. J Health Soc Behav 1996, 37(4):293–310.
56. Leslie E, Cerin E: Are perceptions of the local environment related to
neighbourhood satisfaction and mental health in adults? Prev Med 2008,
47(3):273–278.
57. Verheij R, Maas J, Groenewegen P: Urban–rural health differences and the
availability of green space. Eur Urban Reg Stud 2008, 15(4):307–316.
58. Verheij RA: Explaining urban–rural variations in health: a review of
interactions between individual and environment. Soc Sci Med 1996,
42(6):923–935.
59. Statistics Canada: Geographic Units: Urban Areas (UA). http://www12.statcan.
ca/english/census01/Products/Reference/dict/geo049.htm.
60. Samaan RA: The influences of race, ethnicity, and poverty on the mental
health of children. J Health Care Poor U 2010, 11(1):100–110.
61. Merlo J, Chaix B, Ohlsson H, Beckman A, Johnell K, Hjerpe P, Rastam L,
Larsen K: A brief conceptual tutorial of multilevel analysis in social
epidemiology: using measures of clustering in multilevel logistic
regression to investigate contextual phenomena. J Epidemiol Commun H
2006, 60(4):290–297.
62. Zhang J, Yu KF: What’s the relative risk? JAMA 1998, 280(19):1690–1691.
63. Galea S, Ahern J, Rudenstine S, Wallace Z, Vlahov D: Urban built
environment and depression: a multilevel analysis. J Epidemiol Community
Health 2005, 59(10):822–827.
64. Kirmayer LJ, Brass GM, Tait CL: The mental health of Aboriginal peoples:
Transformations of identity and community. Can J Psych/La Revue
canadienne de psychiatrie 2000, 45(7):607–616.
65. Karsten L: It all used to be better? Different generations on continuity
and change in urban children’s daily use of space. Child Geogr 2005,
3(3):275–290.
66. O’Brien M, Jones D, Sloan D, Rustin M: Children’s independent spatial
mobility in the urban public realm. Childhood 2000, 7(3):257–277.
67. Burgess J, Harrison CM, Limb M: People, parks and the urban green: a
study of popular meanings and values for open spaces in the city.
Urban Stud 1988, 25(6):455–473.

Huynh et al. BMC Public Health 2013, 13:407
http://www.biomedcentral.com/1471-2458/13/407

Page 14 of 14

68. Clements R: An investigation of the state of outdoor play. Contemp Iss
Early Child 2004, 5(1):68–80.
69. Louv R: Last Child in the Woods: Chapel Hill. North Carolina, USA: Algonquin
Books of Chapel Hill; 2008.
70. Maas J, Spreeuwenberg P, Van Winsum-Westra M, Verheij RA, De Vries S,
Groenewegen PP: Is green space in the living environment associated
with people's feelings of social safety? Environ Plann A 2009,
41(7):1763–1777.
71. Richardson E, Pearce J, Mitchell R, Day P, Kingham S: The association
between green space and cause-specific mortality in urban New
Zealand: an ecological analysis of green space utility. BMC Public Health
2010, 10(1):240–254.
72. Turcotte M: Dependence on cars in urban neighborhoods: Life in metropolitan
areas. http://www.statscan.gc.ca/pub/11-008-x/2008002/article/10503-eng.
html#10.
doi:10.1186/1471-2458-13-407
Cite this article as: Huynh et al.: Exposure to public natural space as a
protective factor for emotional well-being among young people in
Canada. BMC Public Health 2013 13:407.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

