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A B S T R A C T

Exposures to outdoor environments have great potential to be protective factors for the mental health of young
people. In a national analysis of Canadian adolescents, we explored how such exposures, as well as self-per-
ceptions of connectedness with nature, each related to the prevalence of recurrent psychosomatic symptoms. The
data source for this cross-sectional study, consisting of a weighted sample of 29,784 students aged 11–15 years
from 377 schools, was the 2013/2014 cycle of the Health Behaviour in School-aged Children (HBSC) study. We
modeled reports of exposure to the outdoors and then perceived connection(s) to nature as correlates of reduced
psychosomatic symptoms. Associations varied by sex. Among girls, spending on average>0.5 h/week outdoors
was associated with a 24% (95% CI: 5%, 40%) lower prevalence of high psychosomatic symptoms, compared to
those who averaged no time playing outdoors. No such relationship was observed among boys. Perception of
connection to nature as ‘important’ was similarly associated with a 25% (95% CI: 9%, 38%) reduction in the
prevalence of high psychosomatic symptoms; this association did not differ by sex or age. Our analysis highlights
the potential importance of adolescent engagement with nature as protective for their psychological well-being.
It also emphasizes the importance of accounting for differences between boys and girls when researching,
planning, and implementing public mental health initiatives that consider exposure to the outdoors.

1. Introduction

Exposures to outdoor environments have great potential to be pro-
tective factors for the mental health of young people (McCurdy et al.,
2010; Louv, 2005). And yet, many young people spend less time out-
doors and feel less connected to nature than ever before (McCurdy
et al., 2010; Louv, 2005; Driessnack, 2009). This lack of connection
may be harmful to both their physical and mental health, (Louv, 2005;
Driessnack, 2009) and at the same time, deny them the potential ben-
efits of engagement with nature as protective of their psychological
well-being.

There is growing recognition that the mental health of young people
is a critical, contemporary health problem (Merikangas et al., 2011;
Patel et al., 2007; Patton et al., 2016; Cyranowski et al., 2000). As is the
case in other like nations, the mental health of Canadian children is of
particular concern. In the 2013 UNICEF Report Card on health status of
children in selected developed nations, Canada had a notably low
ranking in terms of “life satisfaction,” ranking 24th out of 29 countries;
(UNICEF, 2013a; UNICEF, 2013b) this relates strongly to depression,

and is a powerful predictor of adverse adult health outcomes (Goldbeck
et al., 2007; Koivumaa-Honkanen et al., 2001; Kinnunen et al., 2010).
Boys and girls experience different levels of risk, with morbidity pat-
terns tending to favour boys, while mortality patterns favour girls. Il-
lustratively, while across nations suicide ideation and “attempts” are
most common among girls, “completed” suicides are far more frequent
among boys (Navaneelan, 2012; Canadian Mental Health Associations,
n.d.). In terms of psychosomatic symptoms, however, past findings from
the Health Behaviour in School-aged Children study see males con-
sistently reporting better mental health and fewer psychosomatic
symptoms than females, (Iannotti et al., 2009; Freeman et al., 2011a;
Craig and Pepler, 2014) whose diagnoses tend to manifest more often in
terms of anxiety, depression and associated physical symptoms
(Iannotti et al., 2009; Freeman et al., 2011a). Emotional well-being
provides a basis for healthy social and emotional development; hence
such declines are important and warrant focused intervention. There is
a particular need for interventions to be based upon evidence sur-
rounding factors that protect young people from mental health dis-
orders. Exposures to the outdoors represent one potential public health
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strategy that may be protective, accessible, and affordable for many
adolescent populations.

Despite growing interest in the potential psychological benefits of
nature, (Munoz, 2009) few large-scale studies of children have ex-
amined this topic. Most existing studies have focused on adult popu-
lations and have assessed exposure to natural environments through
quantification of natural space in participants' neighborhoods (Huynh
et al., 2013; Kytta et al., 2012; Maas et al., 2009a; van den Berg et al.,
2015; de Vries et al., 2003; Corraliza et al., 2012). Amounts of public
natural space in residential environments have been weakly related to
positive emotional well-being after controlling for family, peer, and
other contextual factors (Huynh et al., 2013). The potential mental
health benefits of contact with and feelings towards nature, which are
more proximal variables and take into account youth's own perceptions,
have not been quantified on a population basis. Interaction with nature
could have unique psychological benefits for young people; specifically,
this population may derive additional benefits in terms of opportunities
for play, learning about risks, and becoming comfortable with being
exposed to natural environments (Munoz, 2009; O'Brien, 2005). Such
mechanisms may serve as protective factors for mental health.

We had a unique opportunity to conduct a large and nationally
representative cross-sectional epidemiologic study in order to address
this gap in the adolescent health literature. Our aims were to explore
how outdoor play and perceived importance of nature connectedness
related to the prevalence of psychosomatic symptoms, one indicator of
poor mental health (Boyce et al., 2008). Based on the potential for in-
terventions involving intentional exposure to nature among boys and
girls of various ages, (Barton and Pretty, 2010; Barton et al., 2016) an
additional objective was to identify whether these associations differed
by sex and age.

2. Methods

2.1. Data source and study sample

Data collected as part of the 2013/2014 cycle of the Canadian
Health Behaviour in School-aged Children (HBSC) study were used.
HBSC is a cross-sectional survey administered every four years to gather
information on the health (physical, social, emotional, and spiritual
domains) of adolescents aged 11 to 15 years (Currie et al., 2009). Multi-
stage cluster sampling is used, in which students are nested within
classrooms, which in turn are nested within schools, school boards, then
provinces and territories. In 2013/2014, the weighted Canadian sample
included 29,784 students from 377 schools across the country. This
sample was considered representative of public school students (> 93%
of the population) (Van Pelt et al., 2015) based on language (English,
French, Inuktitut), school board type (public, separate), size of the
surrounding community (urban-rural continuum), and geographic lo-
cation. A 77% participation rate was obtained at the individual student
level (Freeman et al., 2016).

2.2. Ethics

The Canadian HBSC study holds ethics approval from the General
Research Ethics Board at Queen's University and Public Health Agency
of Canada/Health Canada. The plan for this analysis was also approved
by the Queen's University Health Sciences and Affiliated Teaching
Hospitals Research Ethics Board.

2.3. Key measures

Outdoor play was assessed using two items. The first asked students:
“On weekdays, how many hours a day do you usually spend time playing
outdoors outside school hours?” The second asked the same about
weekends.(Freeman et al., 2016) For both questions, possible responses
in hours/day were ‘none at all’, ‘half an hour’, ‘1 h’, ‘2 h’, ‘3 h’, ‘4 h’, ‘5 h’,

‘6 h’, and ‘7 h or more’. A weighted average of weekday and weekend
hours was estimated and converted to hours of exposure per week.
Outcome-based spline modeling was used to determine the most op-
timal cut-points for a posteriori categorization of this variable;
(Williams et al., 2006) this supported a cut-off value of “half an hour per
week” or more vs. “none at all”, and sensitivity analyses (data not
shown) suggested that the use of different cut-offs did not change re-
sults or inferences substantially.

Nature connectedness comprised one of four domains of the HBSC
spiritual health scale (Gomez and Fisher, 2003; Michaelson et al.,
2016). Responses to two items were summed (Michaelson et al., 2016).
Participants were asked: “How important is it for you to feel connected to
nature?” and: “How important is it for you to care for the natural en-
vironment?” (five response options, ranging from 1 - ‘not at all important’
to 5 - ‘very important’). Three categories were derived: not important
(2 to 4), somewhat important (5 to 8), and important (8 to 10)
(Michaelson et al., 2016).

Psychosomatic symptoms were measured via an eight-item scale
that asked participants about the following complaints: psychological -
feeling low or depressed, irritability or bad temper, feeling nervous, and
difficulties in getting to sleep; somatic - headache, stomach ache,
backache, and feeling dizzy (Hetland et al., 2002). This composite scale
has good internal consistency (α=0.84), (Currie et al., 2014) accep-
table test-retest reliability as a whole (r=0.79) and for its two sub-
scales (r=0.61 to 0.76) (Haugland and Wold, 2001). For each
symptom, respondents indicated how often it occurred in the past six
months, with possible responses being ‘about every day, 1; more than
once a week, 2; about every week, 3; about every month, 4; and rarely or
never, 5’. Responses were summed across the eight items to create a
total score (range 8 to 40). A high score for psychosomatic symptoms
was defined as having a total score of ≤28, as per precedent (Kinnunen
et al., 2010).

Potential confounders and effect modifiers were based on literature
precedent. Confounders that were considered included: sex (males vs.
females), (Simpson et al., 2006; Richardson and Mitchell, 2010) age (11
to 15y), (Rathmann et al., 2016; Astell-Burt et al., 2014a) socio-
economic status (a proxy measure that asked students: “How well off do
you think your family is?”; 5 response options ranging from ‘very well off’
to ‘not at all well off’), (Langton et al., 2011; Kimbro and Schachter,
2011) ethnicity (7 categories), (Pahwa et al., 2012) a school climate
scale (α=0.78), (Freeman et al., 2011a; Freeman et al., 2011b;
Parsons, 2011) a family support scale (α=0.91), (Levin and Currie,
2003; Levin et al., 2012) a family communication scale (α=0.87),
(Simpson et al., 2006; Levin and Currie, 2003) a friend support scale
(α=0.92), (Dadvand et al., 2016; Boyce, 2004) the HBSC neighbour-
hood social capital scale (α=0.78), (Aarts et al., 2012; Leslie and
Cerin, 2008; Astell-Burt et al., 2014b) and urban-rural geographic
status, assessed via Beale code (Romans et al., 2011; Beale, 2004). Sex
and age were additionally tested as effect modifiers because previous
work has suggested that the health benefits of nature may differ con-
siderably for males and females and based on developmental stage
(Richardson and Mitchell, 2010; Astell-Burt et al., 2014a).

2.4. Statistical analysis

Descriptive analyses were used to profile the full sample, as well as
the individuals falling in the high psychosomatic symptoms category,
according to each exposure variable and suspected confounder and
effect modifier. Standardized weights were applied to ensure re-
presentativeness by province/territory, age, and sex. Ninety-five per-
cent confidence intervals that accounted for the clustered nature of the
sampling design were estimated for comparisons of proportions.

We then created a series of models to quantify the strength and
significance of associations between the key exposures (outdoor play
then nature connectedness) and high psychosomatic symptoms. Intra-
class correlation coefficients (ICCs) (Merlo et al., 2006) were estimated
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to partition the variance at individual and then area (classroom and
school) levels, and quantify the degree of clustering in the psychoso-
matic scale at each level. Next, using data from complete cases, gen-
eralized linear regression models were created using the PROC
GENMOD procedure with a binomial distribution and log link function.
To ensure parsimony, a backwards elimination strategy was used,
starting with full models that included all potential confounders.
Variables with P-values> 0.15 were removed in descending order of
significance. A change-in-estimate approach was then used to assess the
consequences of variable removal, with any variables causing a change
in the main effect estimate by 10% or greater kept in the final model
(Greenland, 1989). Effect modification by sex and age was assessed
through inclusion of two-way interaction terms.

Finally, we modeled associations between the two exposures and
each of the eight individual psychosomatic symptoms, rather than the
psychosomatic symptoms scale in full, in order to determine whether
one symptom or a group of symptoms was unequally impacting the
findings. In addition, in order to assess the impact of excluding those
with missing data, sensitivity analyses involving imputation of missing
data as the most extreme combinations of values for exposure and
outcome variables were performed.

All analyses were conducted using SAS software version 9.4 (Cary,
NC: SAS Institute Inc.).

3. Results

3.1. Study sample

Our sample is described in Table 1. After removing all participants
with missing data, the final sample for complete case analyses was re-
duced from 29,784 to 20,697 students. There were no notable differ-
ences between those included and excluded with regards to key study
variables, including outdoor play, nature connectedness, psychosomatic
symptoms, sex, age, ethnicity, and perceived family wealth.

3.2. Outdoor play and connections to nature

Participants reported playing outdoors outside of school hours for a
mean of 15.0 (95% CI: 14.9 to 15.9) hours per week. A small portion
(8.9%) of participants reported no outdoor play. Average weekly out-
door time was higher among males (16.8 h) than females (13.4 h) and
decreased slightly with increasing grade from 15.8 h in Grade 6 to
14.1 h in Grade 10.

Connection to nature was considered ‘important’ by 59.2% of par-
ticipants, with slight differences between males (57.2%) and females
(61.0%). This proportion decreased with increasing grade from 72.0%
in Grade 6 students to 50.3% in Grade 10 students.

3.3. Psychosomatic symptoms

Approximately 28% of participants (18.9% of males, 37.5% of fe-
males) reported having high levels of psychosomatic symptoms. Higher
proportions of females and older students reported experiencing each of
the eight individual symptoms more often than once a week. We
identified associations between having high psychosomatic symptoms
and each of: perceived family wealth, ethnicity, urban-rural status,
school climate, neighbourhood social capital, family support, family
communication, and friend support (Table 1).

3.4. Associations between outdoor play and psychosomatic symptoms

In empty models, the ICCs were 4.2% at the school level and 6.7% at
the classroom level, indicating that homogeneity at the area level ac-
counted for up to 10.9% of the observed variance in psychosomatic
symptoms. Classrooms were specified as random effects in subsequent
regression models.

Models examining relationships between outdoor play and psycho-
somatic symptoms suggested effect modification by sex but not by age
(Table 2). After adjustment for confounding factors, outdoor play
averaging> 0.5 h weekly was associated with a 24% (95% CI: 5%,
40%) reduction in the prevalence of high psychosomatic symptoms
among females, while no statistically significant relationship was ob-
served among males. Findings from spline models indicated a threshold
effect whereby the prevalence of high psychosomatic symptoms de-
creased from 0.5 h of weekly outdoor play to 14 h weekly, while levels
past this did not result in further benefit.

When examined for individual psychosomatic symptoms, outdoor
play for> 0.5 h weekly was most strongly related to psychosomatic
symptoms among females: feeling low or depressed (RR: 0.73; 95% CI:
0.56, 0.91), irritability or bad temper (RR: 0.72; 95% CI: 0.57, 0.91),
feeling nervous (RR: 0.76; 95% CI: 0.62, 0.92), and difficulties in get-
ting to sleep (RR: 0.75; 95% CI: 0.60, 0.92). Relationships between
outdoor play and the four somatic symptoms were less consistent and
not statistically significant (Table 3).

3.5. Associations between nature connectedness and psychosomatic
symptoms

Identifying connection to nature as ‘somewhat important’ or ‘im-
portant’ was associated with lower prevalence levels of psychosomatic
symptoms, after adjusting for confounders (Table 4). This finding was
observed consistently in groups defined by sex and age.

With respect to individual psychosomatic symptoms, nature con-
nectedness was most strongly related to psychological symptoms:
feeling low or depressed (RR: 0.72; 95% CI: 0.58, 0.88), irritability or
bad temper (RR: 0.62; 95% CI: 0.52, 0.74), feeling nervous (RR: 0.84;
95% CI: 0.71, 0.99), and difficulties in getting to sleep (RR: 0.78; 95%
CI: 0.66, 0.94) (Table 5).

4. Discussion

Using data from a nationally representative sample of Canadian
adolescents, we found that engagement in outdoor play (even half hour
per week, on average) was associated with decreased prevalence levels
of psychological symptoms reported by females. We also found that an
appreciation of the importance of feeling connected to nature was as-
sociated with decreased prevalence of psychosomatic symptoms in both
males and females. The strongest relationships existed for the four items
that make up the psychological dimension of a psychosomatic symp-
toms scale. Our findings therefore suggest a potential protective role of
engagement with natural environments against symptoms of poor
mental health among Canadian adolescents.

Our study contributes to an emergent body of literature on the
potential importance of nature in the mental health of young people.
Based on geographic information system analyses, weak and incon-
sistent relationships have been identified previously in Canadian ana-
lyses (Huynh et al., 2013). The more consistent relationships identified
in our study may be attributable to our application of more direct
measures of usage and self-perceptions of the importance of natural
space in the lives of children. Although proximity to and availability of
natural space are determinants of its usage, mental health benefits de-
rived from nature are more closely related to individual perceptions and
usage patterns (McMahan and Estes, 2015; Sturm and Cohen, 2014).
Having participants report on subjective feelings of the importance of
connectedness to nature captures such perceptions at a more persona-
lized, and perhaps in terms of measures – more sensitive level. Analo-
gous findings have been identified for a number of well-being indicators
in samples of Canadian university students (Nisbet et al., 2011).

It remains uncertain how much outdoor play is sufficient to affect
the prevalence of poor mental health outcomes among adolescents.
However, our findings are consistent with those of two other recent
studies, both of which focused on adult samples, and which have
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suggested as little as 30min weekly may be protective (Shanahan et al.,
2016; Kerr et al., 2012). The majority (91.1%) of adolescents in our
sample met this 30 min/week threshold. Scottish researchers similarly
have concluded that being active in a natural environment even once

per week may be sufficient for positive benefits (Mitchell, 2013). It also
remains uncertain whether the apparent benefits of outdoor play were
attributable to physical activity that occurs when outdoors, the benefits
of increased social interaction that occur outdoors, or some other effect

Table 1
Description of exposure variables and potential confounders and effect modifiers for full study sample and for students reporting high psychosomatic symptoms;
Canadian 2013/2014 HBSC study.

Complete case sample
(n= 20,697)

High psychosomatic symptoms
(n=5928)

n Column %
(95% CI)

n Row %
(95% CI)

Outdoor play
0 h weekly 1775 8.5 (8.2,8.8) 712 40.1 (37.1,43.2)
0.5–6.5 h weekly 5767 27.8 (27.3,28.3) 1753 30.4 (28.7,32.1)
7–13.5 h weekly 4593 22.1 (21.7,22.6) 1231 26.8 (24.9,28.6)
14–34.5 h weekly 7018 33.8 (33.3,34.3) 1783 25.4 (23.9,26.8)
≥35 h weekly 1610 7.8 (7.5,8.1) 449 27.9 (24.8,31.0)

Connection to nature
Not important 1885 9.1 (8.8,9.4) 829 44.0 (40.8,47.2)
Somewhat important 6682 32.2 (31.7,32.7) 2112 31.6 (30.0,33.3)
Important 12,196 58.7 (58.2,59.2) 2964 24.3 (32.2,25.3)

Sex
Female 9821 47.3 (46.8,47.8) 3683 37.5 (36.3,38.7)
Male 10,942 52.7 (52.2,53.2) 2068 18.9 (17.7,19.8)

Grade
6 2903 14.0 (13.7,14.4) 537 18.5 (16.7,20.2)
7 3995 19.2 (18.8,19.6) 919 23.0 (21.3,24.6)
8 4206 20.3 (19.9,20.7) 1140 27.1 (25.4,28.9)
9 5060 24.4 (23.9,24.8) 1665 32.9 (31.1,34.7)
10 4600 22.2 (21.7,22.7) 1628 35.4 (33.4,37.4)

Perceived family wealth (SES)
Below average 1904 9.2 (8.7,9.5) 918 48.2 (46.0,52.0)
Average 7130 34.4 (33.9,34.9) 2396 33.6 (32.1,35.1)
Above average 11,732 56.7 (56.2,57.1) 2628 22.4 (21.3,23.4)

Ethnicity
Canadian dominant culture 16,574 79.8 (79.4,81.2) 4939 29.8 (28.8,30.7)
African 643 3.1 (2.9,3.3) 125 19.4 (15.7,23.0)
Arab & West Asian 359 1.7 (1.6,1.8) 97 27.0 (21.0,32.9)
East & Southeast Asian 1473 7.1 (8.8,7.4) 379 25.7 (22.6,28.8)
Latin American 212 1.0 (0.9,1.1) 6 29.0 (20.6,37.5)
South Asian & East Indian 816 3.9 (3.7,4.1) 161 19.7 (16.2,23.2)
Other 687 3.3 (3.1,3.5) 161 23.5 (19.0,27.8)

Urban-rural status
1 (most rural) 825 4.0 (3.7,4.3) 215 26.1 (23.4,28.8)
2 7536 36.4 (35.9,36.9) 2246 29.8 (28.3,31.2)
3 4013 19.4 (18.9,19.9) 1112 27.7 (25.7,29.7)
4 5233 25.3 (25.0,25.6) 1491 28.5 (26.9,30.1)
5 (most urban) 3157 15.3 (14.9,15.7) 833 26.4 (24.6,28.2)

School climate
Low 6650 32.0 (31.5,32.5) 3066 46.1 (44.5,47.8)
Medium 7368 35.2 (34.7,35.7) 1798 24.4 (23.0,25.7)
High 7089 32.8 (32.5,33.5) 1035 14.6 (13.5,15.7)

Neighbourhood social capital
Low 6307 30.4 (29.9,30.9) 2523 40.0 (38.3,41.7)
Medium 7368 35.5 (35.0,36.0) 1894 25.7 (24.4,27.1)
High 7089 34.1 (33.6,34.6) 1460 20.6 (19.3,21.9)

Family support
Low 7055 34.0 (33.5,34.5) 3203 45.4 (43.8,47.1)
Medium 6963 33.5 (33.0,34.0) 1532 22.0 (20.7,23.3)
High 6746 32.5 (32.0,33.0) 1113 16.5 (15.3,17.8)

Family communication
Low 6399 30.8 (30.3,31.3) 2988 46.7 (45.0,48.3)
Medium 7827 37.7 (37.2,38) 1863 23.8 (22.5,25.1)
High 6538 31.5 (31.0,32.0) 1059 16.2 (15.0,17.4)

Friend support
Low 6961 33.5 (33.0,34.0) 2325 33.4 (31.9,34.9)
Medium 7253 34.9 (34.4,35.4) 1857 25.6 (24.2,27.0)
High 6550 31.5 (31.0,32.0) 1683 25.7 (24.3,27.2)
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of being in outdoor environments. The survey question that focused on
amounts of outdoor play was placed following a series of analogous
questions quantifying physical activity, increasing the likelihood that
respondents may have interpreted this questionnaire item as active
play. This interpretation was also confirmed in initial focus group

testing conducted as part of the HBSC survey protocol. Further, there is
evidence that young people are more active during time spent outdoors
compared to indoors, suggesting that physical activity remains the most
likely explanation for any observed effects (Leech et al., 2002).

Most of the benefits of these exposures to nature may be realized as
improvements in the psychological rather than somatic dimensions of
emotional health. Past work with the HBSC psychosomatic scale has
established that the two dimensions may have unique etiologies re-
quiring differentiated intervention (Currie et al., 2014). It is also
thought that the two dimensions may differ in timing, with psycholo-
gical symptoms being the initial expression of perceived stress, with the
potential to develop into somatic symptoms in later stages of perceived
stress (Haugland et al., 2001). In this regard, exposures to nature may
be more beneficial for adolescents with milder symptoms, and who are
in the earlier stages of this etiological process. One important con-
sideration is that the relationships studied may occur at ages younger
than those included in the HBSC sample. Unfortunately, data pertaining
to younger children were not available to our group, and therefore,
conclusions about the earliest possible etiological stages cannot be
drawn in the present study.

Differences in associations between outdoor play and psychoso-
matic symptoms observed for boys and girls are consistent with pre-
cedent (Annerstedt et al., 2012; Triguero-Mas et al., 2015; Wiens et al.,
2016; Faber Taylor et al., 2002). Sex differences in the expression of
poor mental health are another likely explanation of this finding. In
general, females tend to report and be diagnosed with higher rates of
mood and anxiety disorders while males show higher rates of antisocial
disorders (Eaton et al., 2012). Among other influences, the attribution
of these sex differences to different average standings on internalizing
and externalizing dimensions of emotional expression has garnered

Table 2
Results of multivariate log-binomial regression models for the association be-
tween weekly outdoor play and having high psychosomatic symptoms stratified
by sex; Canadian 2013/2014 HBSC study.

Outdoor play High psychosomatic
symptoms
% (95% CI)

Unadjusted
model
RR (95% CI)

Adjusted modela

RR (95% CI)

Males (n=10,438)
0 h/week 26.7 (22.5,30.9) 1.00 (ref) 1.00 (ref)
≥0.5 h/week 18.8 (17.0,19.2) 0.62 (0.48,0.79) 0.99 (0.72,1.36)
0.5–6.5 h/week 19.0 (16.8,21.2) 0.65 (0.49,0.88) 1.07 (0.74,1.53)
7–13.5 h/week 18.4 (16.0,20.7) 0.63 (0.48,0.81) 1.01 (0.72,1.40)
14–34.5 h/

week
17.0 (15.3,18.7) 0.57 (0.43,0.76) 0.92 (0.65,1.29)

≥35 h/week 19.8 (16.3,23.3) 0.68 (0.49,0.96) 1.04 (0.70,1.56)

Females (n=11,401)
0 h/week 51.5 (47.4,55.6) 1.00 (ref) 1.00 (ref)
≥0.5 h/week 36.1 (34.8,37.8) 0.56 (0.47,0.67) 0.76 (0.60,0.95)
0.5–6.5 h/week 37.7 (35.4,39.9) 0.59 (0.49,0.72) 0.78 (0.61,0.99)
7–13.5 h/week 33.8 (31.1,36.5) 0.50 (0.41,0.62) 0.69 (0.53,0.89)
14–34.5 h/

week
35.2 (32.9,37.5) 0.54 (0.45,0.65) 0.76 (0.59,0.98)

≥35 h/week 40.9 (35.4,46.3) 0.69 (0.52,0.91) 0.92 (0.64,1.33)

a Models adjusted for age, ethnicity, SES, school climate, family support,
family communication, neighbourhood social capital, urban-rural status, and
classroom-level clustering.

Table 3
Results of adjusted log-binomial regression models for the association between
weekly outdoor play (≥0.5 h/week compared to 0 h/week) and having in-
dividual psychosomatic symptoms greater than once a week stratified by sexa;
Canadian 2013/2014 HBSC study.

Symptom Females (n= 11,401)
RR (95% CI)

Males (n= 10,438)
RR (95% CI)

1.00 (ref) 1.00 (ref)

Psychological
Feeling low/depressed 0.72 (0.58,0.91) 0.60 (0.42,0.86)
Irritability/bad temper 0.72 (0.57,0.91) 0.91 (0.66,1.24)
Feeling nervous 0.76 (0.62,0.92) 0.83 (0.62,1.13)
Difficulties in getting to sleep 0.75 (0.60,0.92) 0.85 (0.67,1.09)

Somatic
Headache 0.95 (0.76,1.17) 0.83 (0.57,1.20)
Stomach ache 0.81 (0.62,1.07) 0.93 (0.61,1.40)
Backache 0.98 (0.76,1.25) 0.90 (0.64,1.26)
Feeling dizzy 0.91 (0.72,1.16) 0.93 (0.63,1.38)

a Models adjusted for age, ethnicity, SES, school climate, family support,
family communication, neighbourhood social capital, urban-rural status, and
classroom-level clustering.

Table 4
Results of multivariate log-binomial regression models for the association between perceived importance of nature connectedness and having high psychosomatic
symptoms (n= 20,697); Canadian 2013/2014 HBSC study.

Nature connectedness High psychosomatic symptoms
% (95% CI)

Unadjusted model
RR (95% CI)

Adjusted modela

RR (95% CI)
Females
(n= 11,041)a

RR (95% CI)

Males
(n=10,438)a

RR (95% CI)

Not important 44.0 (40.8,47.2) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Somewhat 31.6 (30.0,33.3) 0.59 (0.51,0.69) 0.79 (0.66,0.95) 0.77 (0.59,0.98) 0.78 (0.57,0.98)
Important 24.3 (32.2,25.3) 0.42 (0.36,0.49) 0.75 (0.62,0.91) 0.71 (0.55,0.93) 0.77 (0.55,0.97)

a Model adjusted for sex (overall adjusted model only) and age, ethnicity, SES, school climate, family support, family communication, neighbourhood social
capital, urban-rural status, and classroom-level clustering.

Table 5
Results of adjusted log-binomial regression models for the association between
perceived importance of nature connectedness (‘important’ compared to ‘not
important’) and having individual psychosomatic symptoms greater than once a
weeka (n=20,697); Canadian 2013/2014 HBSC study.

Symptom Complete case sample
RR (95% CI)

1.00 (ref)

Psychological
Feeling low/depressed 0.72 (0.58,0.88)
Irritability/bad temper 0.62 (0.52,0.74)
Feeling nervous 0.84 (0.71,1.00)
Difficulties in getting to sleep 0.78 (0.66,0.94)

Somatic
Headache 0.99 (0.81,1.21)
Stomach ache 0.98 (0.76,1.26)
Backache 0.85 (0.69,1.04)
Feeling dizzy 0.84 (0.67,1.06)

a Models adjusted for age, ethnicity, SES, school climate, family support,
family communication, neighbourhood social capital, urban-rural status, and
classroom-level clustering.
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substantial support (Eaton et al., 2012). Thus, it is possible that the
findings would have been different if an externalizing measure such as
antisocial or risky behaviour had been used, as this type of measure
may provide a better indication of poor mental health among male
adolescents. In addition to a tendency to internalize, excesses in
symptoms among females have also been attributed to a stronger fe-
male disposition to attend to bodily cues and a greater willingness to
report perceived symptoms to others (Gijsbers Van Wijk and Kolk,
1997; Barsky et al., 2001). Past research has also suggested that certain
aspects of males' tendency to externalize may actually protect adoles-
cent boys against developing some of the symptoms included in the
psychological dimension of the scale (Chaplin and Aldao, 2013). For
these reasons, the use of different cut-off values for males and females
to be classified as having high psychosomatic symptoms may be war-
ranted.

Strengths and limitations of our analysis warrant comment. We
considered both the usage of outdoor space and subjective feelings of
connectedness to nature in a series of novel analyses. Many past studies
(Huynh et al., 2013; Kytta et al., 2012; Maas et al., 2009a; van den Berg
et al., 2015; de Vries et al., 2003; Corraliza et al., 2012) have used
geographic measures to indicate the amount of natural space in the area
surrounding participants' homes or schools, which does not take usage
of and self-perceptions of the importance of nature into account. Mea-
sures used in this study are more likely sensitive to the lived experi-
ences of young people, who use and perceive nature differently from
adults and who may be subject to parental control of their decision
making on where, when, and how they interact with the outdoors, re-
gardless of the amount of natural space in the surrounding area. Be-
cause of its large sample size, the study also had sufficient power to
identify existing associations in a robust and national analysis. In terms
of limitations, since outdoor activity or connections to nature may be
considered socially desirable, respondents may have overestimated
their participation. This may have resulted in bias in the form of un-
derestimation of observed effect estimates, assuming social desirability
was non-differential according to the presence of psychosomatic
symptoms. Second, recalled measures are prone to error, which can
alter the likelihood of identifying associations. Third, because cross-
sectional designs measure both the exposure and outcome at a single
time point, these designs do not allow for confirmation of temporality,
and therefore, causality. It is plausible that poor emotional health
among adolescents may impact their usage of and feelings towards the
outdoors, resulting in reverse causality. Further, the outcome of high
psychosomatic symptoms may also have preceded engagement in out-
door activities. However, in studies of nature and health, the most
common, cited theoretical frameworks (Mitchell, 2013; Ulrich, 1979;
Kaplan and Kaplan, 1989; Pretty et al., 2007; Thompson Coon et al.,
2011; Richardson et al., 2013; Sugiyama et al., 2008; Maas et al.,
2009b; Townsend and Weerasuriya, 2010; Wilson, 1984) do state that
measures of mood, stress and other components of mental health should
be considered as outcomes. In addition, both experimental and long-
itudinal designs also have their own inherent methodological chal-
lenges, including cost and challenges in following large groups of
children over time. Experimental study designs are challenged by the
need to randomize children to exposure to the outdoors, which can be
impractical. Finally, measuring and controlling for important covariates
have been identified as a methodological gap in past research on nature
and mental health. Though we attempted to control for most potential
confounders, there are likely other factors that contribute to the risk of
poor mental health, such as having a history of mental illness, which
were not measured on the HBSC (Howren and Suls, 2011).

This is not the first study to conclude that exposure to nature may
constitute an effective strategy for preventing poor mental health at the
population level; (Shanahan et al., 2016; Gill, 2014; Chawla, 2015)
nonetheless, this study adds evidence on the unique experiences of
young people. Increased participation in outdoor activities during
childhood and adolescence has been found to increase the likelihood of

making longer and more frequent visits to green spaces in adulthood
(Pretty et al., 2009; Wells and Lekies, 2006; Snell et al., 2016; Collado
et al., 2013). In contrast, low levels of contact with nature during this
critical developmental window have been shown to track across the life
course, and have a detrimental effect on future health and well-being
(Pretty et al., 2007; Pretty et al., 2009; Wells and Lekies, 2006; Snell
et al., 2016). For female adolescents, spending time outdoors may
constitute an affordable and widely accessible way to promote mental
well-being and provide a buffer against developing poor mental health.
For all adolescents, nature contact may promote mental well-being
through its positive effect on nature connectedness (Collado et al.,
2013; Kamitsis and Francis, 2013; Mayer et al., 2009). Strategies that
aim to foster this intricate link, while addressing barriers to outdoor
play and nature connectedness, may prove particularly beneficial.
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