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Abstract

Introduction: The objective of this article is to examine the association between out-
door physical activity (OPA) and mental health, life satisfaction, happiness and life
stress among Canadian adolescents aged 12 to 17 years.

Methods: This cross-sectional and nationally representative study used self-reported
data from the 2019 Canadian Health Survey on Children and Youth (n = 10413). The
survey categorized OPA into six groups (from 0 to > 14 hours/week). Logistic regression
analyses examined the associations between OPA levels and outcomes, with adjust-
ments for relevant covariates.

Results: In adjusted models, OPA was not significantly associated with anxiety or
depressive symptoms. Compared to adolescents with no OPA, those who engaged in
> 14 hours/week had higher odds of positive mental health (odds ratio [OR] = 1.64;
95% confidence interval [CI]: 1.13-2.38), high life satisfaction (OR = 1.75; 95% CI:
1.24-2.46) and high happiness (OR = 2.36; 95% CI: 1.59-3.50), independent of covari-
ates including indoor physical activity. A positive dose-response relationship was
observed between higher levels of OPA and life satisfaction and happiness.

Conclusion: Independent of indoor physical activity and other covariates, OPA was
associated with positive mental health, high life satisfaction and high happiness, with
levels of OPA of > 14 hours/week (highest category) showing the strongest associations.
Further studies are needed to elucidate the mechanisms linking OPA with higher life
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® Adolescence is an age when men-

tal health may decline. Many ado-
lescents in Canada are also
insufficiently physically active.
Outdoor physical activity (OPA)
may provide added health benefits
compared to indoor physical activ-
ity, but adolescents are spending
less time outdoors.

Independent of indoor physical
activity, OPA was associated with
positive mental health, high life
satisfaction and high happiness
among adolescents.

14 or more hours per week of OPA
had the strongest associations with
positive mental health, high life

satisfaction and happiness.
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Introduction

Mental health refers to an individual’s
emotional, psychological and social well-
being.! According to the Mental Health
Commission of Canada, approximately
1.2 million children and adolescents are

affected by mental illness, and 70% of
adults with mental illness experienced
symptoms before they were 18 years old.>
As such, understanding the factors that
contribute to adolescents’ mental health is
essential. The most common mental health
issues among Canadian adolescents are

satisfaction and high happiness.

e There was a clear dose-response
relationship between higher levels
of OPA and life satisfaction and
happiness.

anxiety (e.g. social anxiety disorder, spe-
cific phobias, performance anxiety) and
depression.?

Positive mental health is the capacity to
feel, think and act in ways that enhance
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the ability to enjoy life and deal with chal-
lenges.* Adolescents with high positive
mental health are able to function well
across different settings, experience hap-
piness, cope well with life stress and enjoy
a positive quality of life.* Adolescence is
also a critical stage for developing behav-
ioural, social and emotional habits—such
as regular physical activity—that support
long-term mental well-being.’

Mental health is complex and multifac-
eted, and an array of factors contribute to
both positive and negative outcomes. For
example, positive mental health (e.g.
flourishing, resiliency) is associated with
a physically active lifestyle and good sleep
habits, whereas poor mental health is
associated with excessive sedentary behav-
iour and screen time, physical inactivity,
unhealthy diet and poor sleep patterns.°
Avoiding mental illness and promoting
good mental health therefore requires var-
ious strategies. Exploring positive mental
health indicators can help improve adoles-
cent mental health.

A behaviour that may contribute to ado-
lescents’ positive mental health is partici-
pation in outdoor physical activity (OPA).
Physical activity is defined as any bodily
movement produced by skeletal muscles
that requires energy expenditure.” OPA is
any form of physical activity that occurs
in any open-air, wild, natural or human-
made outdoor space.® Physical activity is
essential for adolescents’ healthy develop-
ment and has been associated with physi-
cal, social and mental health benefits.’
Yet, according to the 2024 ParticipACTION
Report Card on Physical Activity for
Children and Youth, only 39% of children
and youth in Canada are meeting the rec-
ommendation of 60 minutes per day of
moderate-to-vigorous intensity physical
activity.’ The Canadian 24-Hour Movement
Guidelines for Children and Youth" rec-
ommend that indoor time be replaced
with outdoor time, but do not specify the
amount of outdoor time because research
in this area is scarce. Interacting with
nature is positively associated with the
mental health of children and youth
(although the associations were not found
to be consistently significant).! Interactions
with nature, which can occur during out-
door activities, may also be associated
with lower stress levels.'>!3 Compared with
previous generations, adolescents spend
less time in nature nowadays." In addi-
tion, adolescence is a period when time
spent outdoors and being physically active
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typically decrease and mental health also
declines.?

Although the association between physi-
cal activity and mental health of children
and adolescents in Canada has been
widely investigated, there has been little
research on OPA and mental health.'®"
OPA has been less studied than indoor
activity due to the challenges of control-
ling environmental variables like weather,
terrain, air quality and social settings,
which can complicate data collection and
analysis. Also, few studies have explored
the association between adolescent stress
levels and interactions with the outdoors;
additional research is needed to confirm
any benefits.!18 Therefore, it is important
to better understand the relationship
between OPA and various mental health
indicators, including anxiety, depressive
symptoms, life satisfaction, happiness and
life stress in adolescents.

Implementing treatments, interventions and
prevention strategies for mental health
issues among adolescents requires taking
into account the specific problems they
face, which are distinct from those experi-
enced by adults. A better understanding of
the connection between OPA and adoles-
cents’ mental health is important to help
understand and develop important targets
for intervention strategies and inform
public health policies. Further, because
various mental health problems begin in
adolescence, identifying early life inter-
ventions can help prevent problems later
in life.>? Thus, this study addresses
important knowledge gaps to better inform
the development of future interventions.

The objective of this study was to investi-
gate associations between OPA and self-
perceived mental health, symptoms of
anxiety and depression, life satisfaction,
happiness and life stress among Canadian
adolescents in a large and nationally rep-
resentative sample. We hypothesized that
greater levels of OPA would be associated
with better mental health indicators after
adjusting for indoor physical activity and
other relevant covariates.

Methods

Study design and participants

This cross-sectional and nationally repre-
sentative study used data from the 2019
Canadian Health Survey on Children and

Youth (CHSCY). The CHSCY, which was
conducted by Statistics Canada, collected
data from 11 February to 2 August 2019.
Detailed information about the survey
methodology is available elsewhere.?’ In
brief, the target population for the 2019
CHSCY was children and youth aged 1 to
17 years residing in the 10 provinces and
the three territories of Canada. The
Canada Child Benefit was used to create
the survey frame. Excluded from the sur-
vey’s coverage were children and youth
living on First Nation reserves and other
Indigenous settlements and in foster
homes and institutions. Approximately
98% of the children and youth aged 1 to
17 years in the provinces and 96% of
those in the territories were included in
the survey frame. The present study
focuses on adolescents aged 12 to 17 years
because the OPA question was not used in
the survey for children younger than
12 years old.

The adolescent participants answered sur-
vey questions directly through an online
electronic questionnaire, or through tele-
phone interview for follow-up on nonre-
sponses. The 2019 CHSCY dataset had a
total response rate of 52.1%, yielding a
sample of 11 077 participants aged 12 to
17 years. For the present analysis, respon-
dents lacking information on OPA (n = 36),
outcome measures (n = 167) or covariate
information (n = 461) were excluded,
resulting in a final sample size of 10413
participants.

Statistics Canada secured the necessary
approvals to conduct the CHSCY. Pursuant
to Article 2.2 of the Tri-Council Policy
Statement on Ethical Conduct for Research
Involving Humans (https://ethics.gc.ca
eng/policy-politique tcps2-eptc2 2022
.html), Statistics Canada’s CHSCY data are
considered publicly available information
through a mechanism set out by legisla-
tion or regulation that is protected by law
and therefore their use for research pur-
poses does not require review by a
research ethics board, as long as there is
no linkage to other datasets. Informed
consent from participants was obtained
before they participated in the study.

Independent variable: outdoor physical
activity (OPA)

Participants were asked about OPA in the
past 7 days. Participants responded with
either “yes” or “no” to the first question:
“In the past 7 days, did you participate in
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any outdoor physical activities in your
free time, such as biking, skating, garden-
ing, playing ball or sledding?” Those who
answered “no” were coded as having no
OPA. Those who responded “yes” were
then asked, “In the past 7 days, how much
time did you spend participating in these
outdoor physical activities in your free time?”
The five response options (< 1 hour;
1 hour to < 3 hours; 3 hours to < 7 hours;
7 hours to < 14 hours; and > 14 hours) to
this question and the “no OPA” response
to the first question were used for
analysis.

Dependent variables: perceived mental
health, symptoms of anxiety and
depression, life satisfaction, happiness
and life stress

Based on availability in the CHSCY, we
included indicators of mental wellness
and illness. Self-perceived mental health
was assessed with the question “In gen-
eral, how is your mental health?” The
response options were “excellent,” “very
good,” “good,” “fair” and “poor.” Respon-
ses of “excellent” and “very good” were
coded as having high (positive) mental
health, in accordance with the Positive
Mental Health Surveillance Indicator
Framework (PMHSIF).?-?> Self-perceived
mental health is a valid and widely used
indicator in population health surveys
associated with multi-item measures of
mental health, self-rated health and health-
related problems.?

Anxiety and depressive symptoms were
assessed using validated questions from
the Washington Group/UNICEF Child
Functioning Module.?** Anxiety symp-
toms were assessed using the question
“How often do you seem very anxious,
nervous or worried?” Depressive symp-
toms were assessed using the question,
“How often do you seem very sad or
depressed?” Response options included
“daily,” “weekly,” “monthly,” “a few
times a year” and “never.” Responses of
“a few times a year” and “never” were
coded as having low anxiety or depressive
symptoms.?!

Life satisfaction was measured with the
following item: “Using a scale of 0 to 10,
where 0 means ‘very dissatisfied’ and 10
means ‘very satisfied; how do you feel
about your life as a whole right now?” For
our study, we dichotomized life satisfac-
tion as “high life satisfaction” (score > 9),
based on the PMHSIF.# Perceived life
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satisfaction is routinely used as an indica-
tor of social well-being, and many studies
have supported its validity.?®* Perceived
mental health significantly influences life
satisfaction.*

Self-perceived happiness was assessed by
asking participants whether they would
usually describe themselves as “happy and
interested in life,” “somewhat happy,”
“somewhat unhappy,” “unhappy with lit-
tle interest in life” or “so unhappy that life
is not worthwhile.” The response of “happy
and interested in life” was coded as high
self-perceived happiness. Single-item hap-
piness measures have shown good validity
in adolescents, and happiness is associ-
ated with positive health and healthier
development during adolescence.’%?

Finally, self-perceived life stress was
assessed by asking participants how they
would describe the amount of stress in
their life on most days. Response options
included “not at all stressful,” “not very
stressful,” “a bit stressful,” “quite a bit stress-
ful” and “extremely stressful.” Responses
of “not at all stressful,” “not very stress-
ful” and “a bit stressful” were coded as
having low life stress, in line with Skinner
et al’s contextual analysis.* Perceived life
stress is another important factor affecting
population health, and single-item assess-
ments have demonstrated comparability
to more extensive questionnaires in gaug-
ing perceived general life stress.**

Covariates

Age (in years), sex (male or female), high-
est parental education level (from less than
high school to graduate university degree),
ethnocultural background (14 options),
average sleep duration (hours per night),
total recreational screen time (from no
recreational screen time to > 21 hours/
week), data collection season (winter,
spring, summer), urbanicity (urban, rural)
and indoor physical activity (from no
indoor physical activity to > 14 hours in
the past week) were used as covariates in
the analyses based on their availability in
the dataset and their known associations
in the literature with the outcome measures.

Statistical analysis

Comparisons of positive mental health,
low anxiety and depressive symptoms,
high life satisfaction, high levels of happi-
ness (or “high happiness”) and low life
stress between sex (male versus female)

and age groups (12-14 and 15-17 years)
were undertaken through chi-square tests.
Logistic regression analyses were con-
ducted to examine the associations
between levels of OPA and the outcome
measures, with adjustment for covariates.
Odds ratios (OR) and 95% confidence
intervals (CI) are reported. Statistics
Canada-derived sample weights were
applied to address the survey’s sampling
design and potential nonresponse bias to
ensure that our findings remain represen-
tative of the broader adolescent popula-
tion in Canada. To account for survey
design effects, bootstrap weights were uti-
lized to estimate 95% CI.

All statistical analyses were conducted
using statistical package SAS Enterprise
Guide 7.1 (SAS Institute Inc., Cary, NC,
Us).

Results

Of the adolescents in Canada, 36% reported
no OPA and only 3% reported 14 or more
hours per week (Table 1). The most
noticeable difference was in the preva-
lence of high happiness among adoles-
cents with no OPA (54.4%) and those
with 14 or more hours per week of OPA
(81.5%). There were several significant
within-group differences in OPA for posi-
tive mental health, high life satisfaction,
high happiness and low life stress. There
were also many between-group significant
differences by sex and age for most out-
come measures.

In the fully adjusted models, OPA was not
significantly associated with anxiety or
depressive symptoms, and largely showed
null associations with life stress (Table 2).
However, compared to adolescents with
no OPA (the reference group), those who
engaged in 14 or more hours per week of
OPA had higher odds of positive mental
health (adjusted odds ratio [aOR] = 1.64;
95% CI: 1.13-2.38), high life satisfaction
(@OR = 1.75; 95% CI: 1.24-2.46) and
high happiness (aOR = 2.36; 95% CI:
1.59-3.50), independent of indoor physi-
cal activity time and other covariates.
There were also clear dose-response asso-
ciations for high life satisfaction and high
happiness.

Subgroup analyses stratified by sex dem-
onstrated similar and stronger overall
associations for males versus females and
younger versus older adolescents (12-14
years versus 15-17 years) (Tables 3-6).
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TABLE 1

Prevalence of perceived mental health, anxiety and depressive symptoms, life satisfaction, happiness and life stress based on levels of OPA
among adolescents aged 1217 years, by sex and age group, Canada, 2019 (n = 10413)

% (95% CI)
0 h/wk <1 h/wk 1to < 3 h/wk 3 to < 7 h/wk 7 to < 14 h/wk > 14 h/wk
(n =3783) (n=727) (n = 2700) (n=2116) (n=787) (n = 300)
Positive mental health
Total sample 60.1 (58.0-62.2) 64.8 (60.0-69.6) 69.0 (66.6-71.3) 71.9 (69.4-74.3) 74.6 (70.4-78.7) 78.0 (72.2-83.8)"
Male 69.3 (66.3-72.4)° 71.8 (65.3-78.2) 75.6 (72.6-78.5) 77.1 (74.1-80.1)? 78.8 (74.2-83.4)* 83.2 (76.4-90.0)°
Female 53.0 (50.2-55.8) 58.7 (51.8-65.6) 62.1 (58.4-65.8) 64.3 (60.3-68.4) 65.4 (57.6-73.2) 68.2 (56.7-79.6)
12-14 years 69.9 (67.1-72.8)" 73.5 (68.1-78.9)° 75.2 (72.5-78.0)° 77.5 (74.5-80.5)° 82.1 (78.0-86.2)" 83.5 (77.4-89.6)"
15-17 years 53.4 (50.6-56.2) 54.1 (46.2-61.9) 60.4 (56.4-64.5) 64.3 (60.2-68.4) 59.8 (51.8-67.9) 70.4 (59.5-81.3)

Low anxiety symptoms
Total sample

Male

Female

12-14 years

15-17 years

Low depressive symptoms
Total sample

Male

Female

12-14 years

15-17 years

High life satisfaction
Total sample

Male

Female

12-14 years

15-17 years

High happiness
Total sample

Male

Female

12-14 years

15-17 years

Low life stress

Total sample

Male

Female

12-14 years

15-17 years

67.7 (65.7-69.7)
77.2 (74.5-79.9)*
60.4 (57.7-63.2)
71.3 (68.3-74.3)"
65.2 (62.6-67.9)

83.0 (81.4-84.5)
88.1 (86.1-90.1)"
79.0 (76.7-81.3)
87.3 (85.4-89.3)
80.0 (77.7-82.2)

37.5 (35.3-39.6)
40.3 (37.0-43.6)*
35.3(32.4-38.1)
46.0 (42.7-49.4)°
31.6 (28.8-34.4)

54.4 (52.3-56.5)
57.0 (53.6-60.3)"
52.4 (49.5-55.2)
61.6 (58.5-64.7)
49.4 (46.6-52.3)

74.7 (72.9-76.5)
83.3 (80.9-85.7)*
68.1 (65.5-70.7)
83.6 (81.3-85.8)"
68.6 (66.0-71.3)

67.2 (62.6-71.8)
72.6 (66.3-79.0)°
62.5 (55.7-69.3)
66.4 (60.5-72.4)
68.2 (61.3-75.0)

82.2 (78.2-86.1)
88.4 (84.0-92.9)
76.7 (70.6-82.9)
83.7 (79.0-88.3)
80.4 (73.9-86.8)

42.9 (37.9-47.8)
44.6 (37.6-51.7)
41.3 (34.4-48.2)
53.2 (46.6-59.8)
30.2 (23.1-37.2)

62.8 (57.9-67.6)
67.5 (60.6-74.4)
58.7 (51.8-65.6)
73.8 (68.6-79.1)"
49.2 (41.3-57.0)

76.6 (72.3-81.0)
84.7 (79.7-89.6)"
69.7 (63.2-76.1)
83.8 (79.2-88.4)"
67.8 (60.1-75.5)

70.4 (68.2-72.7)
76.5 (73.4-79.7)°
64.1 (60.6-67.6)
73.1 (70.3-75.9)
66.9 (63.0-70.7)

85.5 (83.7-87.3)
89.1 (86.8-91.5)°
81.8 (79.1-84.5)
87.0 (84.7-89.3)
83.5 (80.7-86.3)

47.9 (45.4-50.5)
49.6 (46.2-53.0)
46.2 (42.4-49.9)
55.2 (52.0-58.4)
37.9 (34.0-41.9)

68.3 (65.9-70.7)
70.2 (67.0-73.5)
66.2 (62.7-69.8)
71.4 (68.4-74.4)°
64.1 (60.1-68.0)

82.7 (80.7-84.7)
88.6 (86.3-90.9)°
76.5 (73.2-79.8)
87.1(84.8-89.3)"
76.6 (73.1-80.1)

72.1 (69.5-74.7)
77.6 (74.5-80.8)°
64.2 (60.0-68.4)
72.5 (69.1-75.9)
71.6 (67.8-75.3)

85.7 (83.8-87.5)
90.2 (88.1-92.4)"
79.1 (75.7-82.6)
86.4 (84.1-88.8)
84.7 (81.6-87.8)

51.1 (48.2-54.1)
54.3 (50.5-58.1)
46.5 (41.9-51.2)
60.0 (56.1-63.9)"
39.2 (35.0-43.3)

73.7 (71.0-76.3)
75.8 (72.5-79.2)
70.5 (66.3-74.7)
77.1 (73.8-80.4)
69.0 (64.9-73.1)

84.9 (82.8-87.0)
89.4 (87.0-91.7)
78.5 (74.8-82.2)
90.1 (87.7-92.5)°
77.9 (74.4-81.5)

69.0 (64.8-73.2)
72.5 (67.5-77.4)*
61.4 (53.5-69.4)
70.6 (65.6-75.6)
65.8 (58.3-73.4)

86.3 (83.0-89.5)
87.5 (83.6-91.3)
83.7 (77.7-89.7)
85.7 (81.5-89.9)
87.4 (82.4-92.3)

57.0 (52.4-61.5)
60.8 (55.5-66.2)"
48.6 (40.6-56.5)
64.4 (59.0-69.7)
42.5 (34.5-50.5)

76.4 (72.6-80.1)
77.8 (73.5-82.1)
73.3 (65.9-80.7)
80.0 (75.7-84.3)
69.3 (62.0-76.5)

83.1(79.4-86.8)
87.6 (83.9-91.3)
73.2 (65.4-81.0)
88.6 (84.8-92.5)"
72.2 (64.7-79.7)

68.2 (61.5-74.9)
70.6 (62.3—79.0)
63.7 (52.4-75.0)
67.8 (59.2-76.4)
68.8 (58.4-79.3)

85.1 (80.2-90.0)
87.2 (81.4-92.9)
81.3 (72.1-90.5)
88.6 (83.1-94.2)
80.3 (71.6-88.9)

62.3 (55.4-69.3)
65.0 (56.7-73.3)
57.4 (45.2-69.6)
68.4 (60.5-76.3)
54.0 (41.5-66.5)

81.5 (75.9-87.1)"
85.0 (79.6-90.4)
75.0 (63.1-86.9)
86.9 (81.7-92.1)"
74.0 (63.3-84.7)

83.1(77.0-89.2)"
86.6 (79.8-93.4)
76.6 (64.7-88.5)
93.9 (90.0-97.8)"
68.3 (56.4-80.3)

Source: Canadian Health Survey on Children and Youth, 2019.
Abbreviations: Cl, confidence interval; h, hour; OPA, outdoor physical activity; wk, week.

Notes: A chi-square test was used to compare proportions between sex and age groups. Positive mental health includes responses of “excellent” and “very good.” Low anxiety or depressive
symptoms include responses of “a few times a year” and “never.” High life satisfaction includes scores > 9. High happiness includes responses of “happy and interested in life.” Low life stress
includes responses of “not at all stressful,” “not very stressful” and “a bit stressful.”

2 Males are significantly different from females (p < 0.05).
bYouth aged 1214 years are significantly different from youth aged 15-17 years (p < 0.05).

“There is a significant difference within the sample (p < 0.05).
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TABLE 2
Associations between levels of OPA and mental health, anxiety and depressive symptoms, life satisfaction, happiness and life stress
among all adolescents (12-17 years), Canada, 2019 (n = 10413)

OPA level, h/wk Unadjusted OR (95% ClI) Adjusted OR (95% ClI)

Positive mental health

0 1.00 [Reference] 1.00 [Reference]
<1 1.22 (0.97-1.55) 1.01 (0.79-1.30)
Tto<3 1.48 (1.28-1.70) 1.09 (0.94-1.27)
3to<7 1.70 (1.46-1.97) 1.18 (1.00-1.39)
Jto< 14 1.95 (1.53-2.48) 1.19 (0.92-1.53)
> 14 2.34 (1.65-3.32) 1.64 (1.13-2.38)
Low anxiety symptoms

0 1.00 [Reference] 1.00 [Reference]
<1 0.98 (0.78-1.22) 0.97 (0.77-1.23)
Tto<3 1.14 (0.98-1.32) 1.09 (0.94-1.27)
3to<7 1.24 (1.06-1.45) 1.13 (0.95-1.34)
Jto< 14 1.06 (0.85-1.31) 0.92 (0.73-1.16)
> 14 1.02 (0.75-1.41) 0.87 (0.62-1.24)

Low depressive symptoms

0 1.00 [Reference] 1.00 [Reference]
<1 0.95 (0.70-1.26) 0.92 (0.68-1.23)
Tto<3 1.21 (1.01-1.45) 1.08 (0.89-1.31)
3to<7 1.23 (1.02-1.48) 1.04 (0.85-1.28)
7to< 14 1.29 (0.96-1.73) 1.03 (0.75-1.42)
> 14 1.17 (0.78-1.76) 0.97 (0.63-1.48)

High life satisfaction

0 1.00 [Reference] 1.00 [Referencel
<1 1.25 (1.00-1.57) 0.99 (0.78-1.25)
Tto<3 1.54 (1.34-1.76) 1.10 (0.95-1.28)
3to<7 1.74 (1.51-2.02) 1.22 (1.04-1.44)
Jto<14 2.21 (1.80-2.71) 1.41 (1.14-1.75)
> 14 2.75 (2.01-3.77) 1.75 (1.24-2.46)

High happiness
0

1.00 [Reference]

1.00 [Reference]

<1 1.41 (1.13-1.77) 1.20 (0.95-1.52)
1to<3 1.81 (1.57-2.08) 1.36 (1.17-1.58)
3to<7 2.35 (2.00-2.74) 1.73 (1.46-2.05)
Jto< 14 2.72 (2.16-3.43) 1.82 (1.43-2.32)
>14 3.70 (2.52-5.43) 2.36 (1.59-3.50)
Low life stress

0 1.00 [Reference] 1.00 [Reference]
<1 1.11 (0.85-1.45) 0.89 (0.68-1.17)
Tto<3 1.62 (1.36-1.92) 1.15 (0.96-1.39)
3to<7 1.91 (1.58-2.30) 1.28 (1.04-1.58)
Jto< 14 1.66 (1.26-2.20) 0.92 (0.69-1.22)
> 14 1.67 (1.05-2.61) 0.99 (0.64-1.54)

Source: Canadian Health Survey on Children and Youth, 2019.
Abbreviations: Cl, confidence interval; h, hours; OPA, outdoor physical activity; OR, odds ratio; wk, week.

Notes: Logistic regression models were used to examine the associations between OPA and the outcome measures. Models were adjusted for age, sex, highest parental education, ethnocul-
tural background, average sleep duration (hours/night), total recreational screen time (hours/week), season, urbanicity and indoor physical activity (categories from no indoor physical activity
to > 14 hours/week).

Positive mental health includes responses of “excellent” and “very good” (vs. “good,” “fair” and “poor”). Low anxiety symptoms and low depressive symptoms include responses of “a few
times a year” and “never” (vs. “daily,” “weekly” and “monthly”). High life satisfaction includes scores > 9 on a scale of 0-10 (vs. scores < 9 for low life satisfaction). High happiness includes
responses of “happy and interested in life.” Low life stress includes responses of “not at all stressful,” “not very stressful” and “a bit stressful” (vs. “quite a bit stressful” and “extremely
stressful”).
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Associations between levels of OPA and mental health, anxiety and depressive symptoms,
life satisfaction, happiness and life stress among male adolescents (12-17 years), Canada,
2019 (n = 5109)

OPA level, h/wk

TABLE 3

Unadjusted OR (95% CI)

Adjusted OR (95% CI)

Positive mental health
0

<1

Tto<3
3to<7
Jto<14

> 14

Low anxiety symptoms
0

<1

Tto<3
3to<7
Jto<14

>14

Low depressive symptoms
0

<1

Tto<3
3to<7
Jto<14

>14

High life satisfaction
0

<1

Tto<3
3to<7
Jto<14

>14

High happiness
0

<1

Tto<3
3to<7
Jto<14

>14

Low life stress
0

<1

Tto<3
3to<7
Jto<14

>14

1.00 [Reference]
1.12 (0.79-1.60)
1.37 (1.10-1.71)
1.49 (1.18-1.87)
1.64 (1.20-2.24)
2.17 (1.29-3.65)

1.00 [Reference]
0.78 (0.55-1.13)
0.97 (0.76-1.22)
1.03 (0.81-1.31)
0.78 (0.58-1.04)
0.71 (0.46-1.09)

1.00 [Reference]
1.03 (0.64-1.67)
1.10 (0.81-1.50)
1.25 (0.91-1.72)
0.94 (0.62-1.42)
0.92 (0.53-1.61)

1.00 [Reference]
1.19 (0.86-1.64)
1.45 (1.19-1.76)
1.75 (1.43-2.15)
2.29 (1.76-2.98)
2.72 (1.84-4.03)

1.00 [Reference]
1.56 (1.11-2.20)
1.77 (1.44-2.19)
2.36 (1.89-2.94)
2.64 (1.99-3.51)
4.29 (2.73-6.74)

1.00 [Reference]
1.10 (0.71-1.71)
1.55 (1.16-2.07)
1.68 (1.24-2.29)
1.41 (0.96-2.09)
1.28 (0.68-2.39)

1.00 [Reference]
0.99 (0.69-1.43)
1.06 (0.84-1.34)
1.17 (0.92-1.49)
1.24 (0.89-1.73)
1.90 (1.12-3.25)

1.00 [Reference]
0.85 (0.58-1.24)
1.02 (0.80-1.30)
1.07 (0.83-1.38)
0.86 (0.63-1.17)
0.72 (0.46-1.13)

1.00 [Reference]
1.14 (0.69-1.86)
1.11 (0.82-1.52)
1.27 (0.91-1.77)
1.04 (0.68-1.61)
1.00 (0.55-1.82)

1.00 [Reference]
1.01 (0.72-1.43)
1.10 (0.89-1.37)
1.37 (1.09-1.72)
1.69 (1.27-2.25)
1.86 (1.20-2.88)

1.00 [Reference]
1.43 (1.00-2.04)
1.45 (1.16-1.81)
1.98 (1.56-2.50)
2.07 (1.52-2.83)
3.04 (1.87-4.96)

1.00 [Reference]
0.98 (0.62-1.56)
1.21 (0.89-1.63)
1.35 (0.97-1.89)
1.05 (0.70-1.59)
1.00 (0.53-1.88)

Source: Canadian Health Survey on Children and Youth, 2019.

Abbreviations: Cl, confidence interval; h, hour; OPA, outdoor physical activity; OR: odds ratio; wk, week.

Notes: Logistic regression models were used to examine the associations between OPA and the outcome measures. Models
were adjusted for age, highest parental education, ethnocultural background, average sleep duration (hours/night), total rec-
reational screen time (hours/week), season, urbanicity and indoor physical activity (categories from no indoor physical activ-

ity to > 14 hours/week).

Positive mental health includes responses of “excellent” and “very good” (vs. “good,” “fair” and “poor”). Low anxiety symp-
toms and low depressive symptoms include responses of “a few times a year” and “never” (vs. “daily,
“monthly”). High life satisfaction includes scores > 9 on a scale of 0-10 (vs. scores < 9 for low life satisfaction). High happi-
ness includes responses of “happy and interested in life.” Low life stress includes responses of “not at all stressful,” “not very
stressful” and “a bit stressful” (vs. “quite a bit stressful” and “extremely stressful”).

Health Promotion and Chronic Disease Prevention in Canada

Research, Policy and Practice

» o«

weekly” and

Discussion

Using a nationally representative sample
of adolescents aged 12 to 17 years living
in Canada, we found that OPA was
strongly associated with high happiness
and high life satisfaction in a dose-
response manner. The level of OPA most
strongly associated with high happiness
and high life satisfaction was 14 or more
hours per week (or > 2 hours/day), which
represented the highest exposure category
in our analysis. More importantly, the
associations were independent of indoor
physical activity, suggesting that OPA may
provide added benefits to happiness and
life satisfaction that indoor physical activ-
ity does not provide.

The null associations for anxiety and
depressive symptoms and life stress in our
study are typical of research in the field,"
likely due to the many factors that may
contribute to and potentially confound
these associations (e.g. quality of OPA,
type of outdoor space, interactions with
nature, safety of outdoors and so on).
However, recent efforts to control for such
variables are beginning to show more
definitive associations between OPA and
health outcomes.®!® The cross-sectional
nature of previous studies, similar to this
study, precludes inferences about causal-
ity and temporality.’* Several studies have
found that cortisol levels decrease when
participants spend time in nature, a phe-
nomenon associated with reduced per-
ceived stress.®® However, these studies
were performed in adult populations, and
specifically explored the impact of natural
environments on stress.

Higher levels of life satisfaction among
adolescents are associated with adaptive
psychological functioning, interpersonal
and social relationships, academic suc-
cess, decreased behavioural problems,
healthier behaviours (movement, eating
and social) and various school-related
variables, such as perceived academic effi-
cacy, competence and self-efficacy.’® All of
these can lead to better mental health out-
comes and successful functioning. A scop-
ing review of the health benefits of
nature-based physical activity revealed
that engaging in OPA, specifically in more
natural environments, may have synergis-
tic benefits to mental and physical health
compared to physical activity in built
environments and indoors.'” An important
finding of our study was the clear dose-
response associations between OPA and
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Association between levels of OPA and mental health, anxiety and depressive symptoms,
life satisfaction, happiness and life stress among female adolescents (12-17 years), Canada,

OPA level, h/wk

TABLE 4

2019 (n = 5304)

Unadjusted OR (95% CI)

Adjusted OR (95% CI)

Positive mental health
0

1.00 [Reference]

1.00 [Reference]

high life satisfaction and high happiness.
The associations were independent of
indoor physical activity, suggesting that
OPA may provide added or enhanced ben-
efits. That OPA may provide additional
benefits for happiness and life satisfaction
compared to indoor physical activity is
important for public health guidelines.

<1 1.26 (0.92-1.73) 1.05 (0.75-1.45)

Tto<3 1.45 (1.20-1.76, 1.11 (0.89-1.37 . . .

5 to pr 17 §1 o 97; = EO s 54; Understanding the underlying mechanisms
0 S e linking OPA to adolescents’ life satisfac-

Jto<14 LSAiL5R2:25) LU G tion, mental health and happiness can

>14 1.90 (1.10-3.28) 1.41 (0.76-2.61)

Low anxiety symptoms
0

1.00 [Reference]

1.00 [Referencel]

help promote and support OPA. The fea-
tures of outdoor environments result in
specific stimuli that cannot be replicated

<1 1.09 (0.79-1.48) 1.05 (0.76-1.45) indoors.?” Outdoor environments, with the
1to<3 1.17 (0.97-1.42) 1.17 (0.95-1.43) exposure to sunlight and fresh air, pro-
3to<7 1.18 (0.95-1.46) 1.18 (0.93-1.50) mote a sense of freedom and allow for
Jto < 14 1.03 (0.72-1.48) 1.07 (0.74-1.54) energetic and exuberant behaviour.*” Expo-
>14 1.15 (0.69-1.91) 1.17 (0.68-2.01) sure to sunlight facilitates the secretion of

Low depressive symptoms

serotonin,*® a hormone involved in mood

0 1.00 [Reference] 1.00 [Reference] and feelings of happiness and well-being.
<1 0.86 (0.59-1.26) 0.80 (0.55-1.16) Outdoor spaces also play a role in encour-
Tto<3 1.19 (0.94-1.49) 1.09 (0.85-1.38) ag”,lgl phystlcatl %Cttwny ani.lgromonng
3to<7 1.00 (0.78-1.29) 0.91 (0.69-1.19) socia con.ac ctween  chuidren - an

youth.* Children and youth prompt each
J7to<14 1.36 (0.85-2.17) 1.19 (0.72-1.97) . .

other to be more physically active when
>14 1.15 (0.61-2.17) 1.07 (0.55-2.09)

High life satisfaction
0

1.00 [Reference]

1.00 [Reference]

they are outdoors, and aspects of outdoor
environments (e.g. open spaces, play
structures, trees, loose parts) encourage

<1 1.29 (0.94-1.77) 0.98 (0.71-1.35) running, walking, climbing, jumping and
Tto<3 1.58 (1.30-1.91) 1.10 (0.89-1.36) cycling.**# It is unclear whether the bene-
3to<7 1.60 (1.27-2.00) 1.08 (0.84-1.40) fits of OPA on mental health can be attrib-
7to < 14 1.72 (1.21-2.45) 1.03 (0.71-1.49) uted to physical activity, socialization or
>14 2.48 (1.45-4.22) 1.64 (0.95-2.84) some effect of outdoor environments,*
High happiness but it is likely a combination of these and
0 1.00 [Referencel 1.00 [Reference] other factors. Flourishing mental health,
<1 1.29 (0.95-1.76) 1.04 (0.76-1.43) being outdoors and physical activity are
110 <3 1.79 (1.47-2.18) 1.29 (1.04-1.62) likely interconnected; spgnding I}lore.time
3to<7 2.18 (1.73-2.75) 1.57 (1.22-2.03) outdoors has been associated with higher
Tto<14 2.51 (1.67-3.78) 1.65 (1.12-2.45) levels of physical activity levels, which in
turn can increase the probability of flour-
>14 2.73 (1.38-5.43) 1.83 (0.94-3.56) c s
. ishing mental health.!
Low life stress
0 1.00 [Reference] 1.00 [Reference] Other benefits of increased OPA for chil-
=1 1.08 (0.77-1.50) 0.84 (0.60-1.16) dren and youth include reduced screen
Tto<3 1.52(1.22-1.89) 1.14 (0.90-1.43) time and improved sleep, both of which
3to<7 1.71 (1.33-2.19) 1.26 (0.95-1.68) can lead to better mental health 64
Jto<14 1.28 (0.85-1.95) 0.79 (0.51-1.21) Although physical activity and socializa-
>14 1.53 (0.74-3.19) 1.08 (0.55-2.14) tion can occur indoors, outdoor environ-

Source: Canadian Health Survey on Children and Youth, 2019.

Abbreviations: Cl, confidence interval; h, hour; OPA, outdoor physical activity; OR, odds ratio; wk, week.

ments provide a sense of connectedness
with nature. In a previous Canadian study,

Notes: Logistic regression models were used to examine the associations between OPA and the outcome measures. Models a majority of youth reported that having a
were adjusted for age, highest parental education, ethnocultural background, average sleep duration (hours/night), total e connection with nature is important to
reational screen time (hours/week), season, urbanicity and indoor physical activity (categories from no indoor physical activ- them, and these youth had reduced psy-

ity to > 14 hours/week). R o
- ) ) ) chosomatic symptoms (an indicator of

Positive mental health includes responses of “excellent” and “very good” (vs. “good,” “fair” and “poor”). Low anxiety symp- tal health).® A .
toms and low depressive symptoms include responses of “a few times a year” and “never” (vs. “daily,” “weekly” and poor menta ea : \{eragmg more
“monthly”). High life satisfaction includes scores > 9 on a scale of 0-10 (vs. scores < 9 for low life satisfaction). High happi-  than 0.5 hours per week in nature was
ness incl:ldes rfqunses of “ll?ppyfnd'intergsted in liﬂi." Lovi/‘ life stress includes“responses of “not at all stressful,” “not very associated with a 24% reduction in psy-
stressful” and “a bit stressful” (vs. “quite a bit stressful” and “extremely stressful”). .
chosomatic symptoms among females
(with no significant findings for males).*

Modelling showed symptom prevalence
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Association between OPA and mental health, anxiety and depressive symptoms, life
satisfaction, happiness and life stress among younger adolescents (12-14 years), Canada,

OPA level, h/wk

TABLE 5

2019 (n = 5482)

Unadjusted OR (95% CI)

Adjusted OR (95% CI)

Positive mental health
0

<1

Tto<3
3to<7
Jto<14

> 14

Low anxiety symptoms
0

<1

Tto<3
3to<7
Jto<14

>14

Low depressive symptoms
0

<1

Tto<3
3to<7
Jto<14

>14

High life satisfaction
0

<1

Tto<3
3to<7
Jto<14

>14

High happiness
0

<1

Tto<3
3to<7
Jto<14

>14

Low life stress
0

<1

Tto<3
3to<7
Jto<14

>14

1.00 [Reference]
1.20 (0.87-1.65)
1.31 (1.07-1.60)
1.48 (1.19-1.84)
1.98 (1.43-2.73)
2.16 (1.34-3.48)

1.00 [Reference]
0.79 (0.58-1.08)
1.09 (0.89-1.35)
1.06 (0.85-1.33)
0.96 (0.73-1.28)
0.85 (0.56-1.29)

1.00 [Reference]
0.73 (0.50-1.07)
0.97 (0.74-1.27)
0.92 (0.71-1.21)
0.87 (0.59-1.28)
1.14 (0.63-2.06)

1.00 [Reference]
1.32 (0.98-1.78)
1.44 (1.20-1.73)
1.75 (1.42-2.16)
2.10 (1.60-2.76)
2.50 (1.68-3.72)

1.00 [Reference]
1.74 (1.29-2.36)
1.54 (1.27-1.88)
2.09 (1.66-2.63)
2.49 (1.84-3.38)
4.16 (2.54-6.82)

1.00 [Reference]
1.02 (0.70-1.49)
1.32 (1.02-1.71)
1.79 (1.29-2.46)
1.53 (1.00-2.34)
2.91 (1.38-6.14)

1.00 [Reference]
1.22 (0.87-1.72)
1.14 (0.92-1.41)
1.22 (0.97-1.54)
1.53 (1.08-2.16)
1.66 (1.00-2.76)

1.00 [Reference]
0.84 (0.61-1.15)
1.12 (0.90-1.40)
1.06 (0.82-1.35)
0.97 (0.72-1.32)
0.79 (0.51-1.24)

1.00 [Reference]
0.80 (0.53-1.19)
0.95 (0.72-1.26)
0.86 (0.64-1.15)
0.80 (0.53-1.20)
1.04 (0.56-1.93)

1.00 [Reference]
1.24 (0.90-1.72)
1.22 (1.00-1.49)
1.44 (1.14-1.82)
1.69 (1.26-2.27)
1.74 (1.13-2.68)

1.00 [Reference]
1.70 (1.23-2.36)
1.32 (1.07-1.64)
1.70 (1.32-2.18)
1.90 (1.37-2.62)
2.81 (1.71-4.60)

1.00 [Reference]
1.01 (0.67-1.52)
1.12 (0.85-1.47)
1.41 (0.99-2.00)
1.09 (0.70-1.71)
2.08 (0.89-4.82)

Source: Canadian Health Survey on Children and Youth, 2019.

Abbreviations: Cl, confidence interval; h, hour; OPA, outdoor physical activity; OR, odds ratio; wk, week.

Notes: Logistic regression models were used to examine the associations between OPA and the outcome measures. Models
were adjusted for age, sex, highest parental education, ethnocultural background, average sleep duration (hours/night), total
recreational screen time (hours/week), season, urbanicity and indoor physical activity (categories from no indoor physical

activity to > 14 hours/week).

Positive mental health includes responses of “excellent” and “very good” (vs. “good,” “fair” and “poor”). Low anxiety symp-
toms and low depressive symptoms include responses of “a few times a year” and “never” (vs. “daily,
“monthly”). High life satisfaction includes scores > 9 on a scale of 0-10 (vs. scores < 9 for low life satisfaction). High happi-
ness includes responses of “happy and interested in life.” Low life stress includes responses of “not at all stressful,” “not very
stressful” and “a bit stressful” (vs. “quite a bit stressful” and “extremely stressful”).
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weekly” and

continuing to decrease until up to
14 hours of outdoor play per week." A
systematic review also found numerous
impacts of nature connectedness on chil-
dren’s and youth’s psychological well-
being including reduced stress, feelings of
joy and happiness, experiences of mind-
fulness or spirituality and a sense of
competence, self-esteem or emotional
well-being,* all of which can help improve
mental health and life satisfaction.

As previously mentioned, no current guide-
lines recommend a minimum time for
adolescents’ OPA. Our results show that
those who spent 14 or more hours per
week being active outdoors had the high-
est prevalence of positive mental health,
life satisfaction and happiness. Although
14 hours is by no means a magic number,
aiming for this many or more hours of
OPA each week (equivalent to 2 hours
each day) may be a sensible target given
all the potential benefits and the low risk
involved. This aligns with the threshold
used in the ParticipACTION Report Card.*
For some people, having a quantifiable
goal provides an amount to strive for and
makes the recommendation to replace indoor
time with outdoor time less subjective."

Recommended future research directions

Future research should aim to clarify the
mechanisms by which OPA contributes to
higher life satisfaction and happiness
among adolescents. Understanding these
pathways could inform targeted interven-
tions and mental health strategies. In
addition, incorporating objective mea-
sures of OPA—such as wearable activity
trackers—will improve the accuracy of
findings and help validate self-reported
data. Longitudinal and intervention stud-
ies are needed to establish the directional-
ity of associations and determine whether
increasing OPA leads to improved mental
health outcomes. Further, research com-
paring OPA in different settings—urban
versus rural and natural versus built envi-
ronments—could provide valuable insights
into how context influences adolescents’
well-being. These findings may ultimately
support the development of evidence-
based guidelines for adolescent OPA to
promote optimal mental and emotional
health.

Strengths and limitations

Strengths of this study include the large
and nationally representative sample, the
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TABLE 6 inclusion of psychometrically valid ques-
Association between levels of OPA and mental health, anxiety and depressive symptoms, tions for the dependent variables and not-
life satisfaction, happiness and life stress among older adolescents (15-17 years), Canada, ing the significance of these findings for

2019 (n = 4931) informing future OPA-related strategies.

OPA level, h/wk Unadjusted OR (95% Cl) Adjusted OR (95% CI) Also, we controlled for indoor physical
e ] it activity in addition to other covariates,
0 1.00 [Reference] 1.00 [Referencel strengthening internal validity and allow-
' | ing the examination of the added value of
<1 1.03 (0.73-1.45 0.87 (0.60-1.27 ..
( ) ( ) OPA on mental health indicators.
Tto<3 1.33 (1.08-1.64) 1.09 (0.87-1.37)
IS 1.57 (1.27-1.94) Je2 (=l The limitations include the subjective
Tto <14 1.30 (0.91-1.86) 0.94 (0.64-1.38) nature of the collected variables, the lack
>14 2.07 (1.20-3.59) 1.79 (1.00-3.18)

Low anxiety symptoms

of contextual factors (e.g. the quality of
OPA, the types of outdoor spaces or their

0 1.00 [Reference] 1.00 [Reference] relative safety, interactions with nature,
<1 1.14 (0.82-1.60) 1.15 (0.80-1.66) whether the time outdoors is spent alone
1to<3 1.08 (0.87-1.33) 1.06 (0.85-1.33) or with others, and others) and the cross-
3to<7 1.35 (1.08-1.68) 1.23 (0.95-1.58) sectional design, which limits inferences
7to <14 1.03 (0.72-1.47) 0.83 (0.56-1.23) about causality and directionality. Further,
514 1.18 (0.71-1.95) 1.04 (0.60-1.80) residual confounding by unmeasured fac-

Low depressive symptoms

tors (e.g. pre-existing mental health condi-
tions, chronic illnesses, medication use,

0 1.00 [Referencel 1.00 [Referencel social support) is always a possibility in
=l 1.02 (0.66-1.58) 0.99 (0.65-1.52) epidemiology. The relatively low response
Tto<3 1.26 (0.98-1.62) 1.17 (0.90-1.52) rate (52.1%) could lead to selection bias,
3to<7 1.38 (1.05-1.82) 1.23 (0.91-1.66) where the estimated association between
7to < 14 1.72 (1.07-2.77) 1.45 (0.84-2.51) OPA and mental health in the study sam-
> 14 1.01 (0.57-1.80) 0.90 (0.47-1.71) ple would differ from the estimate had the

High life satisfaction

entire target population agreed to partici-
pate. In addition, misclassification of cat-

0 1.00 [Reference] 1.00 [Reference] : ; ; > ]
<1 0.94 (0.65-1.35) 0.79 (0.54-1.15) egorical variables is possible, potentially
e 133 (1.07-1.64) 1.05 (0.83-1.33) leading to biased egtlmaFes of associations
or attenuated relationships between expo-
3to<7 1.39 (1.13-1.72) 1.06 (0.84-1.35)
sure and outcome. However, we used the
Jto<14 1.60 (1.13-2.28) 1.23 (0.85-1.78) original OPA categories and relied on pre-
>14 2.55 (1.50-4.33) 1.87 (1.05-3.31)

High happiness
0

1.00 [Referencel

1.00 [Referencel

viously established classifications for the
outcome measures.

<1 0.99 (0.71-1.38) 0.87 (0.61-1.22) CO“CIUSiO“
Tto<3 1.83 (1.48-2.25) 1.47 (1.17-1.84)
3t0<7 228 (1.83-2.89) 182 (1.42-2.33) OPA was associated with positive mental
Tto <14 2.31 (1.60-3.34) 1.83 (1.25-2.67) health, high life satisfaction and high hap-
i 2.92 (1.62-5.26) 2.14 (1.13-4.05) piness among Canadian adolescents, with
- levels of OPA of 14 or more hours per
Conflifesaess week showing the strongest associations.
0 1.00 [Reference] 1.00 [Reference] The associations were independent of
<1 0.96 (0.66-1.40) 0.85 (0.59-1.24) indoor physical activity and other covari-
1to<3 1.50 (1.18-1.90) 1.25 (0.98-1.61) ates, suggesting added benefits of OPA on
3to<7 1.61 (1.27-2.05) 1.25 (0.96-1.63) those mental health indicators. Interven-
Jto <14 1.19 (0.80-1.77) 0.85 (0.57-1.28) tion studies that aim to increase OPA are
>14 0.98 (0.55-1.76) 0.70 (0.39-1.24) needed to better determine cause-and-

effect relationships with various outcomes
in the pediatric population.

Source: Canadian Health Survey on Children and Youth, 2019.
Abbreviations: Cl, confidence interval; h, hour; OPA, outdoor physical activity; OR, odds ratio; wk, week.

Notes: Logistic regression models were used to examine the associations between OPA and the outcome measures. Models

were adjusted for age, sex, highest parental education, ethnocultural background, average sleep duration (hours/night), total  Conflicts of interest

recreational screen time (hours/week), season, urbanicity and indoor physical activity (categories from no indoor physical

activity to > 14 hours/week).

Positive mental health includes responses of “excellent” and “very good” (vs. “good,” “fair” and “poor”). Low anxiety symp- ~ Justin Lang is one of this journal’s
toms and low depressive symptoms include responses of “a few times a year” and “never” (vs. “daily,” “weekly” and Associate Scientific Editors and Mark
“monthly”). High life satisfaction includes scores > 9 on a scale of 0-10 (vs. scores < 9 for low life satisfaction). High happi- . . K

ness includes responses of “happy and interested in life.” Low life stress includes responses of “not at all stressful,” “notvery ~ 1remblay is an Editorial Board Member.
stressful” and “a bit stressful” (vs. “quite a bit stressful” and “extremely stressful” for high life stress). Both have recused themselves from the

review process for this article.
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