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Abstract

Purpose: Our study explored the mediating effect of sleep-related variables on
older adolescents’ mental health in the context of a school-based physical activity
intervention.

Methods: We evaluated the Burn 2 Learn (B2L) intervention using a cluster
randomized controlled trial, which included two cohorts. Participants for this
sub-study were from the second cohort, which included 292 older adolescents
(16.0+0.5years) from 10 secondary schools in New South Wales, Australia.
Teachers at intervention schools delivered two high-intensity activity breaks (ap-
proximately 10 mins) per week to students during academic lessons. Participants
completed measures of mental health (i.e., perceived stress and internaliz-
ing problems) and hypothesized mediators (i.e., sleep duration, sleep latency,
awakenings, and daytime sleepiness) at baseline (February-April 2019) and
post-intervention (August-September 2019). Single mediation analyses were
conducted to explore the potential mediating effects of sleep variables on mental
health outcomes using a product-of-coefficient test.

Results: We observed a small statistically significant effect for perceived stress
(f=-0.11, SE=0.034, p=0.002), but not for internalizing problems (#=0.02,
SE=0.051, p=0.760). There were no significant intervention effects for sleep-
related variables. Several sleep-related variables were associated with mental
health outcomes but no mediated effects were found.

Conclusion: The B2L intervention had a small beneficial effect on perceived
stress, however our mediation analyses suggest this was not explained by changes
in sleep-related variables. Markers of sleep were associated with mental health
constructs, highlighting the importance of sleep for good psychological health.
However, in the context of a physical activity intervention, effects on men-
tal health may be driven by other behavioral, neurobiological, or psychosocial
mechanisms.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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1 | INTRODUCTION

Adolescence is a period of rapid growth, and generally
considered to be a healthy period in a person's life, due
to low levels of morbidity and mortality. However, ado-
lescence is also the peak period of onset for mental dis-
orders." Global secular trends suggest levels of stress,
anxiety, and depression among adolescents have increased
in recent decades.” A potential cause for increased men-
tal health issues may be due to pressures associated with
academic performance (i.e., increased workload, univer-
sity entrance requirements, and pressure to perform from
parents and teachers). Indeed, a recent systematic review
highlighted that approximately one in six students in their
final 2years of secondary schooling experience excessive
distress during this critical time period.” This is worrying,
considering academic-related stress can have a significant
impact on adolescents’ current and future health, and may
undermine academic performance during a consequential
period of schooling.*

To attain good health, the World Health Organization
recommends adolescents accumulate an average of 60 min
per day of moderate-to-vigorous physical activity (MVPA).
It is also recommended that young people engage in
vigorous-intensity and muscle- and bone-strengthening
activity on at least 3days per week.’ Globally, more than
80% of adolescents do not meet these physical activity rec-
ommendations, with the lowest levels of activity typically
observed among older adolescents (i.e., 15-19years).’
Schools are universally considered to be ideal settings to
help promote physical activity, however, physical activity
research involving older adolescents is scare.® Academic-
related stress may be attenuated through increased physi-
cal activity, however there is limited opportunities during
the school day for older adolescents to be active, as time
is often redirected towards other academic subjects.” The
final years of schooling are a crucial period for shaping
young people's health behaviors as older adolescents begin
developing a sense of identity and independence as they
transition into adulthood. Further, many adolescents are
legally required to attend school, and this period of time
presents the final opportunity to deliver interventions to
adolescents in a structured setting. Once adolescents leave
school, it is much more challenging to deliver interven-
tions in a systematic way.

Engaging in regular aerobic MVPA is also a primary
means of developing cardiorespiratory fitness (CRF),
which is an important marker of current and future

health.® In addition to the well-established physical
health benefits,” participation in physical activity of
sufficient intensity and volume to develop CRF has
beneficial effects for adolescents’ mental health.'® For ex-
ample, cross-sectional evidence has demonstrated an as-
sociation between CRF and mental health (i.e., improved
well-being and reduced ill-being) in older adolescents.'!
While there is an abundance of evidence demonstrating
that physical activity is effective in promoting mental
health,!° there is a need to understand for whom, and
under what conditions, physical activity provides such
improvements. Understanding the mechanisms of phys-
ical activity on mental health effects in the context of the
school setting, can help optimize the impact of future
interventions.

A conceptual framework proposed by Lubans and
colleagues'” suggests there are three broad categories of
mechanisms thought to underpin the effects of physical
activity on mental health outcomes in youth. First, phys-
ical activity may improve mental health via its effects on
neurobiological mechanisms, such as changes in brain
structure and function (e.g., neurogenesis). Second, phys-
ical activity may influence mental health via a range of
psychosocial factors. For example, the development of
positive physical self-perceptions and satisfying basic
psychological needs for relatedness, competence, and au-
tonomy."? Finally, the behavioral mechanism hypothesis
proposes that improvements in mental health may result
from changes in other behaviors, such as self-regulatory
behaviors and sleep.'

The importance of sleep for healthy functioning and
development in adolescence has been well researched.
Inadequate sleep duration, later sleep timing, and sleep-
iness are significantly associated with a range of adverse
health outcomes in adolescents such as poorer mental
health, cognitive function, and school performance.13
Indeed, sleep has emerged as an important factor asso-
ciated with mental health during adolescence, however
the evidence base is largely cross-sectional.'* In 2016, the
first 24-h movement guidelines were released in Canada
which included recommendations for physical activity,
sedentary behaviors, and sleep.'® For adolescents aged 14—
17years, it is recommended that 8-10h of uninterrupted
sleep per night should be attained.” However, overall
sleep health encompasses more than just total sleep dura-
tion, as it also encompasses sleep efficiency, sleep timing,
subjective sleep quality, sleep latency, and alertness/sleep-
iness during waking hours."®
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Physical activity is also known to influence compo-
nents of sleep health including sleep duration, sleep la-
tency, sleep efficiency and daytime sleepiness in youth."’
In a meta-analysis examining the relationship between
regular physical activity and sleep in adolescents and
young adults (aged 14-24), a large, pooled effect was ob-
served (ES=0.89)."® However, given that the majority of
included studies were cross-sectional, causation cannot
be determined and reverse causation is a possibility (i.e.,
sleep contributes to improvements in physical activity)."®
Therefore, there is need for more experimental research
examining the effects of physical activity interventions on
sleep-related variables, particularly in adolescents where
research is lacking.'” Further, changes in sleep may also
mediate changes in mental health as a result of physical
activity, however more research is needed to support this
hypothesis. To the best of our knowledge, no previous ex-
perimental studies have examined the mediating effects
of sleep on older adolescents’ mental health in the context
of a physical activity intervention. The authors of a recent
Lancet publication on adolescent health recommended
that mediation studies should be conducted.® Indeed, me-
diation analyses of randomized trials can provide new evi-
dence about the mechanisms by which interventions may
influence health outcomes.

Therefore, our study aims to address a gap in the lit-
erature by examining the potential mediating effects of
dimensions of sleep health (sleep duration, sleep latency,
awakenings, and daytime sleepiness), on older adoles-
cents’ mental health (perceived stress and internalizing
disorders), in the context of a physical activity interven-
tion. We will also examine the effects of a school-based
high-intensity physical activity intervention on mental
health outcomes in older adolescents, in comparison to a
wait-list control. We hypothesized that improvements in
sleep-related variables would mediate the effects of the
physical activity intervention on mental health, and older
adolescents in the intervention group would improve their
mental health relative to the control group.

2 | MATERIALS AND METHODS

2.1 | Study design

Data for the current study were gathered from a subset
of participants from the Burn 2 Learn (B2L) cluster ran-
domized controlled trial (RCT).” Detailed descriptions
of the study protocol®! and findings****** have been re-
ported previously. The trial was prospectively registered
with the Australian and New Zealand Clinical Trials
Registry (ACTRN12618000293268), and ethics approval
was obtained from the Institutional Review Board of

the University of Newcastle (H-2016-0424) and NSW
Department of Education (SERAP: 2017116) human re-
search ethics committees. The present study followed the
AGReMA (A Guideline for Reporting studies of Mediation
Analyses) reporting guidelines.

2.2 | Sub-study schools

In the larger trial, a 2-arm parallel group RCT with an
intervention group and wait-list control group was con-
ducted in 20 secondary schools in the Hunter, Central
Coast, and Sydney regions in New South Wales (NSW),
Australia. The RCT was conducted in two cohorts, with
cohort 1 (10 schools; 5xintervention, and 5 X control)
commencing in 2018 and finishing in 2019, and cohort 2
(10 schools; 5xintervention and 5xcontrol) commenc-
ing in 2019 and finishing in 2020. As sleep data were not
collected in Cohort 1, the current study only includes
participants from Cohort 2. Assessments for the current
study were conducted at baseline (February-April, 2019),
and immediately following the intervention period [ap-
proximately 6-months from baseline (August-September,
2019)].

2.3 | Participants

To be eligible for participation, study schools had to be
government schools located within 150-min drive from
the University of Newcastle (e.g., Hunter-Central Coast,
Sydney, Northern Sydney, and Western Sydney regions).
We recruited two Grade 11 teachers from each school who
were willing to facilitate intervention delivery (there was
no restriction placed on the teachers’ subject discipline).
Eligible participants were older adolescents in Grade 11
(15-17years at baseline) taught by one of the participating
teachers. A total of 292 older adolescents participated in
the current study (Figure 1). School principals, teachers,
parents, and students all provided written informed con-
sent prior to enrolment.

2.4 | Randomization

Following the completion of baseline data collection,
schools were pair-matched and then randomized by an
independent researcher using a computer-based random
number generator. Schools were matched based on the
following characteristics: geographic location, school
area-level socioeconomic status, and where possible,
the teaching discipline of the participating class (e.g.,
Mathematics, English). One school from each pair was
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Enrolment s
Assessed for eligibility (n = 10 schools)

Randomised (n = 10 schools; 23 classes; N =292
students)

FIGURE 1 CONSORT flow diagram.

\4

Y | Allocation

Allocated to control group (n = 146)

Allocated to intervention (n = 146)

Follow-Up
A 4
Lost to follow-up:

- Left school (n=11)
- Absent/not measured (n = 12)

Lost to follow-up:
- Left school (n = 10)
- Absent/not measured (n = 11)

allocated to the B2L intervention and the other to the con-
trol condition (continued usual practice).

2.5 | Sample size

The original power calculation was conducted to deter-
mine the sample size needed to detect an effect in the
primary outcome of the larger cluster RCT (i.e., cardiores-
piratory fitness). Baseline post-test correlation (r=0.90)
and SD (29 laps) values were obtained from our pilot
data,?* and intraclass correlation coefficient (ICC) values
of 0.20 and 0.03 were used to account for clustering at the
class-levels and school-levels, respe(:tively.25

2.6 | Intervention

A full description of the B2L intervention can be found
in our published protocol paper.”’ Briefly, B2L was a
school-based physical activity intervention designed for
older adolescents. Teachers were provided with training,
resources, and support to deliver 2 weekly high-intensity
physical activity breaks (hereafter referred to as B2L ses-
sions) during academic lessons for 16 weeks. A 2-week
school holiday period occurred following week 10 of in-
tervention delivery where B2L sessions were not delivered
(sessions resumed once students returned from the school
holiday break). B2L sessions involved a combination of
aerobic (e.g., shuttle runs, jumping jacks, boxing) and body

weight resistance (e.g., push-ups, squat jumps, lunges)
exercises, delivered in the form of high-intensity interval
training (HIIT). The typical length of B2L sessions was 10
min (including a brief warm-up and cool-down). Students
were encouraged to reach a target intensity of 85% of their
age-predicted maximum heart rate, with exercise inten-
sity monitored using heart rate monitoring technology
(Wahoo TICKR), which paired with a purpose-built B2L
app to display students’ heart rate.

2.7 | Study measures

All assessments were conducted at the study schools by
trained members of the research team. Demographic in-
formation [including socioeconomic status (SES)] and
self-report measures were obtained via an online survey
administered using electronic tablets. SES was deter-
mined by population tertile using socioeconomic indexes
for areas of relative socioeconomic disadvantage based on
residential postcode. Anthropometric assessments were
conducted privately (i.e., out of the view of other students)
by same-sex research staff, where possible.

2.7.1 | Intervention measures—Mental
health constructs

Perceived stress: Participants completed the 10-item per-
ceived stress scale.” For each item, participants responded
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using a 5-point scale (i.e., “never” =0, “almost never” =1,
“sometimes” =2, “fairly often” =3, “very often” =4), in re-
lation to the last month. The sum of all items was used
to provide a measure of perceived stress (Chronbach's
a=0.83). A higher score indicates a greater degree of sub-
jective stress experienced by participants.

Internalizing problems: The internalizing problems
subscale consisted of 10 items (Chronbach's a=0.70),
from the Strengths and Difficulties Questionnaire.”’ Ttems
relating to ‘emotional’ and ‘peer problems’ (both include
five items) were combined to provide a measure of inter-
nalizing problems. For each item, participants responded
using a 3-point scale (i.e., “not true”=0, “somewhat
true”’=1, “certainly true”=2). Higher scores indicate
more internalizing problems. Mental health classifica-
tions were as follows: for scores between 1 and 8, partici-
pants were classified as ‘close to average or slightly raised’,
while participants with scores of 9-20 were classified as
‘high to very high’?’

2.7.2 | Hypothesized mediators—
Sleep parameters

Several domains of sleep health were self-reported by par-
ticipants. For each domain, participants were required to
reflect on the previous 2 weeks.

Sleep duration: Participants reported the time they usu-
ally went to bed and woke up on school days (weekdays)
and weekends using a questionnaire.”® The difference be-
tween bed and wake times were calculated separately for
weekdays and weekends and reported as total sleep dura-
tion in minutes.

Sleep latency: Participants responded to the following
statement to provide a measure of sleep latency: “In the
last two weeks, after you go to bed, how long does it usu-
ally take you to fall asleep?” Responses were scored on a 5-
point scale (i.e., “0-15 mins” =1, “16-30 mins” =2, “31-45
mins” =3, “46-60 mins” =4, “>61 mins”:S).29 A higher
score indicates poorer sleep health.

Awakenings: Sleep awakenings refer to the number of
episodes, per night, in which an individual is awake for
greater than 5min.*® Participants responded to the follow-
ing statement to provide an indication of the number of
sleep awakenings usually occurring per night: “In the last
two weeks, how many times a night do you usually wake
up at night for longer than five minutes?” Responses were
scored on a 5-point scale (i.e., “never” =1, “once” =2, “2
times” =3, “3 times” =4, “more than 3 times” = 5).29 A
higher score indicates poorer sleep health.

Daytime sleepiness: Participants responded to the fol-
lowing statement to provide an indication of daytime
sleepiness, which was adapted from the Children's Report

of Sleep Patterns - Sleepiness Scale: “People sometimes
feel sleepy during the daytime. During your daytime activ-
ities, how much of a problem do you have with sleepiness
(feeling sleepy, struggling to stay awake)?”.*® Responses
were scored on a 5-point scale (i.e., “not a problem at all”
=1, “alittle problem” =2, “more than a little problem” =3,
“a big problem” =4, “a very big problem” =5). A higher
score indicates higher daytime sleepiness.

2.8 | Data analysis

Analyses were performed using the Mplus (Version 8.8;
Miuthen & Miuthen). Means and standard deviations
were calculated for all normally distributed variables.
Bivariate correlations were used to examine correlations
between variables (alphalevelssetatp <0.05). The robust
maximum likelihood estimation procedure was used to
account for missing data and the non-independence of
students nested within schools by adjusting the stand-
ard errors using a sandwich estimator. Linear regres-
sion models were used to test the mediation effects.
The models were tested in the following steps with all
models adjusted for baseline values of outcomes and the
following covariates: sex, age, SES, and weight status at
baseline. First, the total effect of the treatment (i.e., in-
tervention versus control) on mental health outcomes at
6 months (perceived stress and internalizing problems)
was examined separately (C pathway in Figure 2). In
the second step, separate single-mediator models were
estimated to explore evidence for mediation effects. A
multiple mediator analysis could not be conducted due
to inadequate power. These models generated standard-
ized regression coefficients (f) for: (i) the effect of the
intervention on the mediators (i.e., weekday/weekend
sleep duration, sleep latency, awakenings, and daytime
sleepiness) (A pathways), (ii) the association between
the mediators and mental health outcomes at 6 months
(B pathways), and (iii) the direct effect of the interven-
tion on perceived stress and internalizing problems
independent of the mediated effect (C* pathway). The
models also calculated the significance of the product-
of-coefficients (A X B), which was used to determine the
presence of an indirect effect. The indirect effect was
considered statistically significant if the confidence in-
tervals for the product-of-coefficients did not cross zero.

3 | RESULTS

Demographic information for participants is presented
in Table 1. In summary, most participants were born
in Australia (80.8%), spoke English at home (88%), and
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A coefficient

Mediators

Sleep duration
Sleep latency
Awakenings

Daytime sleepiness

B coefficient

Treatment

C coefficient
(not including mediator)

Internalizing disorders

or

A\ A 4

B2L vs control

C’ = direct effect
(including mediator)

Perceived stress

FIGURE 2 Mediation pathway for single mediator models; internalizing disorders and perceived stress.

parents were born in Australian (54.8%). In the current
study, 28% of the participants were classified as over-
weight or obese, and 20% of participants reported ‘high to
very high’ internalizing problems at baseline, which was
similar to participants in cohort 1 (28% were classified as
overweight or obese, and 18% reported ‘high to very high’
internalizing problems). Results of mediator models are
displayed in Tables 2 and 3.

3.1 | Intervention effect on
mental health

We observed a small significant reduction in perceived
stress in favor of the intervention group (f=-0.11,
SE=0.034, p=0.002). No significant effects were observed
for internalizing problems ($=0.02, SE=0.051, p=0.760).

3.2 | Intervention effect on
potential mediators

There were no significant intervention effects on any
sleep-related variables, after adjusting for covariates.
However, there was a marginally significant intervention
effect on daytime sleepiness in the hypothesized direction
(f=-0.19, SE=0.052, p=0.075).

3.3 | Mediator effects on mental
health outcomes

After adjusting for covariates, weekday sleep dura-
tion was negatively associated with perceived stress
(f=—-0.11, SE=0.058, p=0.046) and internalizing prob-
lems ($=-0.09, SE=0.038, p=0.019). Daytime sleepi-
ness was positively associated with perceived stress
(#=0.17,SE=0.049, p=0.001) and internalizing problems
(#=0.019, SE=0.042, p<0.001). Sleep latency ($#=0.09,
SE=0.044, p=0.046) and awakenings (f#=0.09, SE=0.04,

p=0.037), were both positively associated with perceived
stress.

3.4 | Significance of the indirect effects
None of the sleep-related variables satisfied the criteria for
mediation.

4 | DISCUSSION

The primary aim of our study was to explore the mediat-
ing effect of sleep-related variables on older adolescents'
mental health, in the B2L cluster RCT. To our knowledge,
this is the first experimental study to examine the medi-
ating effect of sleep-related variables on mental health
outcomes in older adolescents in the context of a physical
activity intervention. No overall mediation effects were
found, despite mediators being associated with mental
health outcomes. Our analyses showed that the B2L inter-
vention had a significant effect on adolescents’ perceived
stress, however, there were no significant effects on inter-
nalizing problems. The B2L intervention did not signifi-
cantly improve any sleep-related mediators, although the
effect on daytime sleepiness approached significance.
Contrary to our hypothesis, we did not observe an in-
direct effect of a physical activity intervention on mental
health via sleep (i.e., behavioral pathway). Therefore, the
intervention effect we observed for perceived stress was
likely caused by some other mechanism. One possible
explanation is that the B2L intervention reduced partici-
pants’ perceived stress via a neurobiological pathway.'**!
According to the cross-stressor adaptation (CSA) hy-
pothesis,** participation in physical activity of sufficient
intensity may moderate the functioning of underlying
stress physiology, resulting in a stress buffering effect.
Specifically, physical activity may lead to a less pronounced
physiological stress response [e.g., reduced cardiovascular
response (e.g., heart rate and blood pressure) and blunted
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TABLE 1 Characteristics of study sample.
Characteristics Total (n=292) B2L (n=146) Control (n=146)
Age, mean (SD), years 16.0 (0.5) 16.0 (0.5) 16.0 (0.5)
Female participants, n (%) 143 (49.0) 82 (56.2) 61 (41.8)
Born in Australia, n (%)* 235(80.8) 126 (86.3) 109 (75.2)
English spoken at home, n (%) 257 (88.0) 124 (84.9) 133 (91.1)
Cultural background, n (%)
Australian 160 (54.8) 78 (53.4) 82 (56.2)
European 36(12.3) 21(14.4) 15(10.3)
African 5(1.7) 3(2.1) 2(1.4)
Asian 31(10.6) 20(13.7) 11(7.5)
Middle Eastern 6(2.1) 4(2.7) 2(1.4)
Other 54 (18.5) 20(13.7) 34(23.3)
Indigenous decent, n (%) 24 (8.2) 13(8.9) 11 (7.5)
Socioeconomic status, n (%)°
Low 52(17.8) 28(19.2) 24 (16.4)
Medium 96 (32.9) 61 (41.8) 35(24.0)
High 144 (49.3) 57(39.0) 87 (59.6)
Mental health status, n (%)°
Close to average and slightly raised 231 (79.4) 119 (82.1) 112 (76.7)
High to very high 60 (20.6) 26 (17.9) 34(23.3)
Weight status, n (%)
Underweight 15(5.1) 5(3.5) 10 (6.9)
Healthy weight 189 (64.7) 100 (69.9) 89 (61.8)
Overweight 55(18.8) 24(16.8) 31(21.5)
Obese 28 (9.6) 14 (9.8) 14 (9.7)
Sleep duration, mean (SD), mins
Weekday 476.9 (71.9) 477.4 (70.2) 476.4 (73.7)
Weekend 524.2 (96.0) 528.9 (89.4) 519.4 (102.2)
Sleep latency, n (%)
<15 mins 135 (46.6) 65 (45.1) 70 (47.9)
16-30 mins 82(28.1) 46 (31.9) 36 (24.7)
31-45 mins 32(11.0) 15 (10.4) 17 (11.6)
46-60 mins 24(8.3) 11 (7.6) 13 (8.9)
61+ mins 17 (5.9) 7(4.9) 10 (6.8)
Awakenings, n (%)
Never 116 (41.6) 59 (41.5) 57 (41.6)
Once 84 (30.1) 44(31.0) 40(29.2)
2 times 46 (16.5) 23 (16.2) 23 (16.8)
3 times 11 (3.9) 6(4.2) 5(3.6)
More than three times 22(7.9) 10(7.0) 12(8.8)
Daytime sleepiness, n (%)
No problem 53(18.3) 25(17.4) 28 (19.2)
A little problem 152 (52.4) 75(52.1) 77 (52.7)
More than a little problem 50(17.2) 27 (18.8) 23 (15.8)
A big problem 23(7.9) 12 (8.3) 11 (7.5)
A very big problem 12 (4.1) 5(3.5) 7 (4.8)

One participant did not provide data for country of birth.

bSocioeconomic status determined by population tertile using Socio-Economic Indexes for Areas of relative socioeconomic disadvantage based on residential
postcode.

°One participant did not provide data for mental health status.

9Five participants were not measured for weight status.
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cortisol secretion], by influencing the activation of the
hypothalamic—pituitary-adrenocortical axis and sympath-
oadrenal medullary system.>* While this was unable to be
measured in the current study, we previously examined
hair cortisol concentration as a biomarker of chronic ex-
posure to stress among participants in the first cohort of
our larger RCT (cortisol samples were not collected in the
second cohort).20 Consistent with the CSA hypothesis, we
observed a significant effect for hair cortisol concentra-
tion in favor of the intervention group. While it is plau-
sible that the effect of physical activity on mental health
may have been indirectly affected via this neurobiological
pathway, it is also plausible to suggest other neurobiolog-
ical mechanisms (e.g., myokines) or psychosocial (e.g.,
needs satisfaction) may have contributed to this effect.
As such, future studies with rigorous research designs are
needed to confirm these findings.

Given the increase in mental health issues (i.e., stress,
anxiety, depression) experienced by adolescents in recent
years,” it is promising to observe that participating in brief
physical activity breaks during the academic lessons led
to a reduction in adolescents’ perceived stress. Previous
research examining the effects of school-based physical
activity interventions on measures of stress in adolescent
populations has been mixed.* In the scoping review con-
ducted by Pascoe and colleagues,* yoga interventions did
not significantly decrease stress in comparison to regular
physical education lessons, however, an aerobic physical
activity intervention (of vigorous intensity) significantly
decreased adolescents' stress in comparison to a moderate-
intensity, flexibility, and control group. While it is difficult
to compare intervention effects due to differences in con-
trol conditions, physical activity intensity may play a key
role in providing mental health benefits.'* For example,
evidence has demonstrated that vigorous intensity physi-
cal activity is particularly effective for reducing stress and
ill-being symptoms.>**

Contrary to the effect on stress, the B2L intervention
did not significantly reduce symptoms of internalizing
problems among adolescents. While physical activity is
known to benefit mental health, it is expected that effects
are more pronounced among populations deemed to be
at risk of poor mental health. For example, in a review
conducted by Marker and colleagues,* the overall effect
on well-being was only marginally significant when one
study examining the effects of a Pilates intervention in
children with idiopathic arthritis was removed from the
analysis. This is consistent with findings from a recent
meta-analysis, which found that effects for reducing in-
ternalizing symptoms (i.e., anxiety), was larger in clinical
compared to non-clinical populations.”” In the current
study, only one in five participants reported experiencing
high levels of internalizing problems, which may partly

explain why an effect was not observed among the full
study sample (i.e., potential floor effect). Taken together,
these findings highlight that physical activity interven-
tions are likely to be more effective for participants at risk
of poor mental health.

The B2L intervention did not have a significant effect on
any of the sleep-related variables. Prior research demon-
strates that acute and chronic physical activity interven-
tions can improve sleep outcomes in adult populations,®
but adolescent studies are lacking. Indeed, a recent review
identified only two experimental studies examining the
effects of physical activity interventions among adoles-
cents, with both studies reporting improvements in sleep
outcomes following the intervention period." Notably,
the included studies incorporated similar physical activ-
ity interventions (i.e., moderate-vigorous intensity aerobic
activity, delivered 5days per week), which is in contrast to
our intervention (i.e., vigorous-intensity activity, delivered
2 days per week) and may partly explain the different study
findings. At present, there is insufficient evidence among
adolescents to determine the optimal dose of physical ac-
tivity needed to improve sleep outcomes, however, there
is some support for high frequency, moderate-intensity
physical activity.'® To gain a greater understanding of how
physical activity can benefit adolescents' sleep, more high-
quality RCTs that examine varying quantitative aspects of
physical activity (e.g., frequency, intensity, time, and type)
are needed."

The effect on daytime sleepiness was also not signifi-
cant in our study. In our previous sub-study we found that
a single session of B2L led to significant improvements in
students' subjective vitality (i.e., increased energy, alert-
ness, and aliveness).” It is plausible that subjective vi-
tality and daytime sleepiness are overlapping constructs,
whereby a change in one construct is likely to influence
the other (i.e., higher levels of vitality would be expected
with lower levels of sleepiness and vice versa). One possi-
ble explanation for the lack of effect observed in the cur-
rent study is that regular HIIT sessions might influence
daytime sleepiness by providing adolescents with higher
quality sleep, but it is equally (and perhaps more) plausi-
ble that an acute HIIT session reduces feelings of sleepi-
ness through the activating effects of exercise (as implied
by the findings of our acute study). In this context, HIIT
may be acting as a short-term stimulant, rather than a pro-
phylactic for poor quality sleep. Indeed, the null effect on
awakenings, another marker of sleep quality, supports this
interpretation. The associations between sleep, physical
activity and mental health are complex, bidirectional, and
interacting, and so explanations for associations between
them are difficult even with data from experimental stud-
ies. That there was an effect on adolescents’ mental health
that did not operate via effects on sleep raises further
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interesting questions as to what mechanism was operating
to achieve this effect.

Although B2L did not improve measures of sleep, we
observed several statistically significant associations with
sleep variables and mental health in the hypothesized
directions. These findings are consistent with observa-
tional evidence demonstrating the importance of sleep
for mental health in children and adolescents.'* Despite
a lack of an intervention effect on sleep variables, it is still
of interest to observe these associations between sleep
and mental health outcomes, as it highlights a potential
pathway by which improvements in mental health may be
achieved. As such, interventions that can improve mea-
sures of sleep among adolescents, may be an effective
strategy for improving mental health among adolescents,
however, further experimental evidence is needed. While
physical activity and good sleep hygiene have been shown
to promote better sleep, other factors such as technology
use, caffeine intake, and early school start times have been
shown to inhibit sleep quality.*® For example, research in
adolescents has shown that sleep problems (e.g., problems
falling asleep/staying asleep and short sleep duration)
mediated the association between technology use and de-
pressive symptoms.40 As such, interventions that target
multiple behaviors are likely to be more effective in im-
proving measures of sleep than physical activity alone.

4.1 | Strengths and limitations

The strengths of our study include the robust cluster
RCT design, unique study population, adherence to the
AGReMA reporting guidelines for mediation analysis,
and examination of novel mediators. There are some
limitations that should also be acknowledged. First, the
study was underpowered to detect small changes in men-
tal health and sleep-related measures. As mentioned pre-
viously, our study was powered to detect change in the
primary outcome of the larger cluster RCT (i.e., cardiores-
piratory fitness) and we did not measure sleep variables
in the first study cohort. Second, all measures for mental
health outcomes and hypothesized mediators were self-
reported, therefore the influence of social desirability bias
cannot be discounted. Further, sleep measures were sin-
gle item questionnaire and may not have been sensitive
enough to detect change. Objective monitoring of sleep,
for example using polysomnography or actigraphy, may
have produced more accurate estimates for some sleep pa-
rameters. It is important to note that sleep duration was
analyzed as a continuous variable. This could be problem-
atic because sleep duration above the target range (e.g.,
sleep in excess of 10h) is not a good indicator of sleep qual-
ity. Of note, fewer than 2% of participants reported more

than 10h sleep on weekdays; however, a greater propor-
tion of participants (approximately 10%) reported more
than 10h sleep on weekends. Finally, there were a small
number of students who left school prior to the comple-
tion of the study (7.2%). As such, not all students provided
follow-up data. However, the percentage of students who
left school was similar between intervention and control
groups (6.8% and 7.5%), respectively.

5 | PERSPECTIVE

This is the first study to examine the potential mediat-
ing effects of sleep-related variables on older adolescents'
mental health in the context of a school-based physical ac-
tivity intervention. Our study addresses a notable limita-
tion of the current evidence base by exploring mechanisms
underlying changes in mental health.®'? Our findings sug-
gest that changes in sleep parameters did not mediate the
intervention effects on older adolescents' mental health.
Our study showed that participating in short duration
HIIT twice per week, had a significant effect on perceived
stress but not on internalizing problems. Given the lack of
an indirect effect, this suggests that the intervention effect
on stress was likely driven by other mechanisms. Future
research should continue to explore the potential neuro-
biological, psychosocial, and behavioral mechanisms by
which physical activity might influence mental health for
the purposes of optimizing intervention effects.

AUTHOR CONTRIBUTIONS

AAL: Data curation, methodology, resources, investi-
gation, writing—original draft, writing—review and
editing. TMOD: Data curation, formal analyses, investi-
gation, writing review and editing. NE: Funding acqui-
sition, methodology, resources, investigation, writing
- review and editing; MJD: methodology, investigation,
writing—review and editing. JJS: Funding acquisition,
methodology, resources, writing—review and editing.
PJM: Funding acquisition, methodology, writing—review
and editing. DRL: Conceptualization, funding acquisi-
tion, investigation, methodology, resources, supervision,
writing—review and editing.

ACKNOWLEDGEMENTS

The authors thank the participating schools, students, and
teachers for their support and cooperation throughout the
project. Tara Finn, Sarah Kennedy, and Sophie Collins
are acknowledged for their assistance in data collection.
The results of this study are presented clearly, honestly,
and without fabrication, falsification, or inappropriate
data manipulation. Open access publishing facilitated by
The University of Newcastle, as part of the Wiley - The

85U80]7 SUOWIWIOD A0 3|dedldde aup Aq peusenob ae ssjolie YO ‘8sn Jo Sa|nu oy Ariqi]auljuO 8|1 UO (SUORIPUOD-pUe-SLLIRY/LI0D" A3 | 1M AReIq 1[eU1|UO//:SANY) SUORIPUOD pue SWie | 8u1 88S *[£202/80/0T] UO AkeiqiTauliuo AB(IMm ‘AriqiTelAsenir JO AiseAIUN AQ €944T SWS/TTTT OT/I0PAW0D A8 IM AeIq Ul UO//SdNy WOy peapeojumod ‘0 ‘8E80009T



LEAHY ET AL.

WILEY-2

University of Newcastle agreement via the Council of
Australian University Librarians.

FUNDING INFORMATION

The study was funded by the National Health and Medical
Research Council (APP1120518) and the New South Wales
Department of Education School Sport Unit. DRL is sup-
ported by a National Health and Medical Research Council
Research Fellowship (APP1154507). MJD is supported by
a Career Development Fellowship (APP1141606) from the
National Health and Medical Research Council.

CONFLICT OF INTEREST STATEMENT
The authors have no conflict of interest to declare.

DATA AVAILABILITY STATEMENT

Data are available upon reasonable request. Requests for
access to data from the study should be addressed to the
corresponding author at angus.leahy@newcastle.edu.au.
The study protocol has been published. All proposals re-
questing data access will need to specify how it is planned
to use the data, and all proposals will need approval of the
trial co-investigator team before data release.

ORCID

Angus A. Leahy © https://orcid.org/0000-0003-2147-9420
Narelle Eather (2 https://orcid.org/0000-0002-6320-4540
Mitch J. Duncan © https://orcid.
org/0000-0002-9166-6195

Philip J. Morgan © https://orcid.
org/0000-0002-5632-8529

David R. Lubans © https://orcid.
org/0000-0002-0204-8257

REFERENCES

1. SolmiM, Radual, Olivola M, et al. Age at onset of mental disor-
ders worldwide: large-scale meta-analysis of 192 epidemiologi-
cal studies. Mol Psychiatry. 2022;27:281-295.

2. Patalay P, Gage SH. Changes in millennial adolescent mental
health and health-related behaviours over 10 years: a population
cohort comparison study. Int J Epidemiol. 2019;48:1650-1664.

3. Wuthrich VM, Jagiello T, Azzi V. Academic stress in the final
years of school: a systematic literature review. Child Psychiatry
Hum Dev. 2020;51:986-1015.

4. Pascoe MC, Hetrick SE, Parker AG. The impact of stress on stu-
dents in secondary school and higher education. Int J Adolesc
Youth. 2020;25:104-112.

5. Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in
insufficient physical activity among adolescents: a pooled anal-
ysis of 298 population-based surveys with 1-6 million partici-
pants. Lancet Child Adolesc Health. 2020;4:23-35.

6. van Sluijs EMF, Ekelund U, Crochemore-Silva I, et al. Physical
activity behaviours in adolescence: current evidence and oppor-
tunities for intervention. Lancet. 2021;398:429-442.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Beauchamp MR, Puterman E, Lubans DR. Physical inactivity
and mental health in late adolescence. JAMA. 2018;75:543-544.
Raghuveer G, Hartz J, Lubans DR, et al. Cardiorespiratory
fitness in youth: an important marker of health: a scientific
statement from the American Heart Association. Circulation.
2020;142:e101-e118.

Janssen I, LeBlanc AG. Systematic review of the health bene-
fits of physical activity and fitness in school-aged children and
youth. Int J Behav Nutr Phys Act. 2010;7:40.

Rodriguez-Ayllon M, Cadenas-Sdnchez C, Estévez-Lopez
F, et al. Role of physical activity and sedentary behav-
ior in the mental health of preschoolers, children and
adolescents: a systematic review and meta-analysis. Sport Med.
2019;49:1383-1410.

Janssen A, Leahy AA, Diallo TMO, et al. Cardiorespiratory fit-
ness, muscular fitness and mental health in older adolescents: a
multi-level cross-sectional analysis. Prev Med. 2020;132:105985.
Lubans D, Richards J, Hillman C, et al. Physical activity for
cognitive and mental health in youth: a systematic review of
mechanisms. Pediatrics. 2016;138:€20161642.

Dewald JF, Meijer AM, Oort FJ, Kerkhof GA, Bogels SM.
The influence of sleep quality, sleep duration and sleepiness
on school performance in children and adolescents: a meta-
analytic review. Sleep Med Rev. 2010;14:179-189.

Shochat T, Cohen-Zion M, Tzischinsky O. Functional conse-
quences of inadequate sleep in adolescents: a systematic re-
view. Sleep Med Rev. 2014;18:75-87.

Tremblay MS, Carson V, Chaput JP, et al. Canadian 24-hour
movement guidelines for children and youth: an integration of
physical activity, sedentary behaviour, and sleep. Appl Physiol
Nutr Metab. 2016;41:S311-S327.

Buysse DJ. Sleep health: can we define it? Does it matter? Sleep.
2014;37:9-17.

Master L, Nye RT, Lee S, et al. Bidirectional, daily temporal as-
sociations between sleep and physical activity in adolescents.
Sci Rep. 2019;9:7732.

Lang C, Kalak N, Brand S, Holsboer-Trachsler E, Piihse U,
Gerber M. The relationship between physical activity and sleep
from mid adolescence to early adulthood. A systematic review
of methodological approaches and meta-analysis. Sleep Med
Rev. 2016;28:32-45.

Bello B, Mohammed J, Useh U. Effectiveness of physical activ-
ity programs in enhancing sleep outcomes among adolescents:
a systematic review. Sleep Breath. 2022;27:431-439.

Lubans DR, Smith JJ, Eather N, et al. Time-efficient interven-
tion to improve older adolescents’ cardiorespiratory fitness:
findings from the ‘Burn 2 Learn’ cluster randomized controlled
trial. BrJ Sports Med. 2021;55:751-758.

Leahy AA, Eather N, Smith JJ, et al. School-based physical ac-
tivity intervention for older adolescents: rationale and study
protocol for the Burn 2 Learn cluster randomised controlled
trial. BMJ Open. 2019;9:026029.

Mavilidi MF, Mason C, Leahy AA, et al. Effect of a time-
efficient physical activity intervention on senior school stu-
dents' on-task behaviour and subjective vitality: the ‘Burn 2
Learn’ cluster randomised controlled trial. Educ Psychol Rev.
2021;33:299-323.

Valkenborghs SR, Hillman CH, Al-Iedani O, et al. Effect
of high-intensity interval training on hippocampal

85U80]7 SUOWIWIOD A0 3|dedldde aup Aq peusenob ae ssjolie YO ‘8sn Jo Sa|nu oy Ariqi]auljuO 8|1 UO (SUORIPUOD-pUe-SLLIRY/LI0D" A3 | 1M AReIq 1[eU1|UO//:SANY) SUORIPUOD pue SWie | 8u1 88S *[£202/80/0T] UO AkeiqiTauliuo AB(IMm ‘AriqiTelAsenir JO AiseAIUN AQ €944T SWS/TTTT OT/I0PAW0D A8 IM AeIq Ul UO//SdNy WOy peapeojumod ‘0 ‘8E80009T


mailto:angus.leahy@newcastle.edu.au
https://orcid.org/0000-0003-2147-9420
https://orcid.org/0000-0003-2147-9420
https://orcid.org/0000-0002-6320-4540
https://orcid.org/0000-0002-6320-4540
https://orcid.org/0000-0002-9166-6195
https://orcid.org/0000-0002-9166-6195
https://orcid.org/0000-0002-9166-6195
https://orcid.org/0000-0002-5632-8529
https://orcid.org/0000-0002-5632-8529
https://orcid.org/0000-0002-5632-8529
https://orcid.org/0000-0002-0204-8257
https://orcid.org/0000-0002-0204-8257
https://orcid.org/0000-0002-0204-8257

il—Wl LEY

24.

25.

26.

217.

28.
29.

30.

31.

32.

33.

LEAHY ET AL.

metabolism in older adolescents.
2022;59:e14090.

Leahy AA, Eather N, Smith JJ, et al. Feasibility and prelimi-
nary efficacy of a teacher-facilitated high-intensity interval
training intervention for older adolescents. Pediatr Exerc Sci.
2019;31:107-117.

Heo M, Leon AC. Statistical power and sample size require-

Psychophysiology.

ments for three level hierarchical cluster randomized trials.
Biometrics. 2008;64:1256-1262.

Cohen S, Kamarck T, Mermelstein R. A global measure of per-
ceived stress. J Health Soc Behav. 1983;24:385-396.

Goodman A, Lamping DL, Ploubidis GB. When to use broader
internalising and externalising subscales instead of the hypoth-
esised five subscales on the strengths and difficulties question-
naire (SDQ): data from British parents, teachers and children. J
Abnorm Child Psychol. 2010;38:1179-1191.

Wolfson AR, Carskadon MA, Acebo C, et al. Evidence for
the validity of a sleep habits survey for adolescents. Sleep.
2003;26:213-216.

Ohayon M, Wickwire EM, Hirshkowitz M, et al. National Sleep
Foundation's sleep quality recommendations: first report. Sleep
Health. 2017;3:6-19.

Meltzer LJ, Biggs S, Reynolds A, Avis KT, Crabtree VML,
Bevans KB. The Children's report of sleep patterns - sleepiness
scale: a self-report measure for school-aged children. Sleep Med.
2012;13:385-389.

Heinze K, Cumming J, Dosanjh A, et al. Neurobiological evi-
dence of longer-term physical activity interventions on mental
health outcomes and cognition in young people: a systematic
review of randomised controlled trials. Neurosci Biobehav Rev.
2021;120:431-441.

Sothmann MS, Buckworth J, Claytor RP, Cox RH, White-Welkley
JE, Dishman RK. Exercise training and the cross-stressor adap-
tation hypothesis. Exerc Sport Sci Rev. 1996;24:267-288.

Pascoe M, Bailey AP, Craike M, et al. Physical activity and exer-
cise in youth mental health promotion: a scoping review. BMJ
Open Sport Exerc Med. 2020;6:¢000677.

34.

35.

36.

37.

38.

39.

40.

Caplin A, Chen FS, Beauchamp MR, Puterman E. The ef-
fects of exercise intensity on the cortisol response to a subse-
quent acute psychosocial stressor. Psychoneuroendocrinology.
2021;131:105336.

Leahy AA, Mavilidi MF, Smith JJ, et al. Review of high-intensity
interval training for cognitive and mental health in youth. Med
Sci Sports Exerc. 2020;52:2224-2234.

Marker AM, Steele RG, Noser AE. Physical activity and health-
related quality of life in children and adolescents: a systematic
review and meta-analysis. Health Psychol. 2018;37:893-903.
Carter T, Pascoe M, Bastounis A, Morres ID, Callaghan P, Parker
AG. The effect of physical activity on anxiety in children and
young people: a systematic review and meta-analysis. J Affect
Disord. 2021;285:10-21.

Kredlow MA, Capozzoli MC, Hearon BA, Calkins AW, Otto
MW. The effects of physical activity on sleep: a meta-analytic
review. J Behav Med. 2015;38:427-449.

Bartel KA, Gradisar M, Williamson P. Protective and risk fac-
tors for adolescent sleep: a meta-analytic review. Sleep Med Rev.
2015;21:72-85.

Li X, Buxton OM, Lee S, Chang AM, Berger LM, Hale L. Sleep
mediates the association between adolescent screen time and
depressive symptoms. Sleep Med. 2019;57:51-60.

How to cite this article: Leahy AA, Diallo TMO,
Eather N, et al. Mediating effects of sleep on mental
health in older adolescents: Findings from the Burn
2 Learn randomized controlled trial. Scand J Med
Sci Sports. 2023;00:1-12. d0i:10.1111/sms.14463

85U80]7 SUOWIWIOD A0 3|dedldde aup Aq peusenob ae ssjolie YO ‘8sn Jo Sa|nu oy Ariqi]auljuO 8|1 UO (SUORIPUOD-pUe-SLLIRY/LI0D" A3 | 1M AReIq 1[eU1|UO//:SANY) SUORIPUOD pue SWie | 8u1 88S *[£202/80/0T] UO AkeiqiTauliuo AB(IMm ‘AriqiTelAsenir JO AiseAIUN AQ €944T SWS/TTTT OT/I0PAW0D A8 IM AeIq Ul UO//SdNy WOy peapeojumod ‘0 ‘8E80009T


https://doi.org/10.1111/sms.14463

	Mediating effects of sleep on mental health in older adolescents: Findings from the Burn 2 Learn randomized controlled trial
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Study design
	2.2|Sub-­study schools
	2.3|Participants
	2.4|Randomization
	2.5|Sample size
	2.6|Intervention
	2.7|Study measures
	2.7.1|Intervention measures—­Mental health constructs
	2.7.2|Hypothesized mediators—­Sleep parameters

	2.8|Data analysis

	3|RESULTS
	3.1|Intervention effect on mental health
	3.2|Intervention effect on potential mediators
	3.3|Mediator effects on mental health outcomes
	3.4|Significance of the indirect effects

	4|DISCUSSION
	4.1|Strengths and limitations

	5|PERSPECTIVE
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


