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Current physical activity and fitness levels among adolescents are low, increasing the risk of chronic disease.
Although the efficacy of high intensity interval training (HIIT) for improving metabolic health is now well

I<emords: N established, it is not known if this type of activity can be effective to improve adolescent health. The primary

Physical activity aim of this study is to assess the effectiveness and feasibility of embedding HIIT into the school day. A 3-arm

lE_’;erC'se pilot randomized controlled trial was conducted in one secondary school in Newcastle, Australia. Participants
1tness

(n = 65; mean age = 15.8(0.6) years) were randomized into one of three conditions: aerobic exercise program
(AEP) (n = 21), resistance and aerobic exercise program (RAP) (n = 22) and control (n = 22). The 8-week in-
tervention consisted of three HIIT sessions per week (8-10 min/session), delivered during physical education
(PE) lessons or at lunchtime. Assessments were conducted at baseline and post-intervention to detect changes
in cardiorespiratory fitness (multi-stage shuttle-run), muscular fitness (push-up, standing long jump tests),
body composition (Body Mass Index (BMI), BMI-z scores, waist circumference) and physical activity motivation
(questionnaire), by researchers blinded to treatment allocation. Intervention effects for outcomes were
examined using linear mixed models, and Cohen's d effect sizes were reported. Participants in the AEP and
RAP groups had moderate intervention effects for waist circumference (p = 0.024), BMI-z (p = 0.037) and
BMI (not significant) in comparison to the control group. A small intervention effect was also evident for
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cardiorespiratory fitness in the RAP group.
© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Less than 20% of adolescents worldwide are participating in suffi-
cient physical activity to accrue health benefits (Hallal et al., 2006); car-
diorespiratory fitness levels among young people have steeply declined
over the last 30-years (Tomkinson and Oliver, 2007). In Australia, only
15% of youth aged 12-17 accumulate 60-minutes of moderate-to-
vigorous physical activity everyday (Cancer Council Victoria, 2010),
and 65% of youth have aerobic fitness levels associated with reduced
risk of poor cardiometabolic health (Hardy et al., 2010). Longitudinal
studies have demonstrated that physical activity levels decline by 10%
each year during adolescence (Dumith et al.,, 2011) and health
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behaviors established during this period continue into adulthood
(Hallal et al., 2006; Menschik et al., 2008; McDavid et al.,, 2012). While
adolescents are a high priority population for these reasons described,
previous interventions to increase physical activity and improve fitness
levels have been largely ineffective (Dobbins et al., 2013).

Schools represent an ideal setting for promoting physical activity
and fitness in adolescent populations (Mura et al., 2015). As young peo-
ple spend 6-8 h/day in schools, which have facilities, personnel and cur-
riculum to provide opportunities for physical activity. Physical
education (PE) is the primary vehicle associated with physical activity
promotion in the school setting (CDC, 2013), yet physical activity levels
within PE lessons are generally low (Rosenkranz et al., 2012; Lonsdale
et al,, 2013). In addition, lessons may not occur frequently enough to
achieve health gains and students' opportunities for physical activity
decrease in senior years. While increasing the duration and frequency
of PE lessons would be ideal, this is not practical considering the chal-
lenges associated with the existing ‘crowded curriculum’ (Hills et al.,
2015). Indeed, any strategy designed to increase activity and fitness in
schools needs to be time efficient and scalable for easy implementation
(Dobbins et al.,, 2013; Naylor et al,, 2015).

2211-3355/© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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A growing body of literature supports the efficacy of high intensity
interval training (HIIT) for improving sport performance in athletes
(Laursen and Jenkins, 2002) and cardiorespiratory fitness in adult pop-
ulations (Weston et al.,, 2013). While there is not a standardized defini-
tion of this type of training, HIIT involves (a) short or long intervals
(from <45 s to 2-4 min) of intense exercise (e.g., >85% max heart
rate) interspersed by short rest periods or (b) reoccurring short or
long (<10 s to 20-30 s) bouts of maximal sprints, interspersed by a
rest period (Buchheit and Laursen, 2013). For adolescent populations
the “all out” maximal type of HIIT would not be palatable for most indi-
viduals (Hardcastle et al., 2014). The main appeal of HIIT is that it can be
completed in a short period of time (compared to traditional aerobic
training), while resulting in equivalent physiological adaptations
(Buchheit and Laursen, 2013).

Although the efficacy of HIIT for improving metabolic health in dif-
ferent population groups (including adolescents) is now well
established, it is not known if this type of activity can be effective for
population-level health promotion (Biddle and Batterham, 2015). In-
deed, the majority of HIIT studies conducted with adolescents have ex-
amined running-based programs (Buchan et al., 2011a,2011b, 2013; De
Araujo et al.,, 2012) and most have been conducted in clinical settings
with trained athletes. To the authors' knowledge, no previous study
has evaluated the efficacy of embedding HIIT into the school day. The
objective of this study was to evaluate the efficacy and feasibility of a
three-arm randomized controlled trial design testing two HIIT protocols
|aerobic exercise program (AEP) and resistance and aerobic exercise
(RAP)] for improving health-related fitness, body composition and
physical activity motivation in a sample of adolescents. Due to the effec-
tiveness of HIIT on fitness in other population groups, we hypothesize
that HIIT will be a successful strategy to improve health-related fitness
outcomes in adolescents.

Methods

Ethics approval for the study was gained from the University of
Newcastle Human Research Ethics Committee (H-2014-0083) and per-
mission to conduct research from the relevant educational organization
was granted. The study protocol has been registered with the Australian
and New Zealand Clinical Trials Registry (ACTRN12614000729628). To
be included in this study the school needed to meet the following
criteria: (a) co-educational; (b) provide at least 2 PE lessons per week;
and, (c) not currently participating in a physical activity program in ad-
dition to regular PE. The school principal, parents and study participants
provided written informed consent to participate in the study. Study
participants (n = 65), were students in year 9-10 attending the study
school, who consented to participate. The design, conduct and reporting
for this randomized controlled trial adhere to the Consolidated Stan-
dards of Reporting Trials guidelines (Moher et al., 2010).

Study design

A three-arm school-based randomized controlled trial was conduct-
ed with adolescents attending one secondary school in Newcastle, to
evaluate the effects of two 8-week training programs focused on im-
proving fitness via the provision of short HIIT sessions three times/
week (total: 24 sessions). Sessions ranged from eight to ten minutes
in duration (weeks 1-3: 8 min; weeks 4-6: 9 min; weeks 7-8:
10 min), with a work to rest ratio of 30 s:30 s. The AEP and RAP sessions
were delivered by the research team (PE qualified) at the study school.

Power calculations were based on change in the primary outcome
(cardiorespiratory fitness, assessed using the multi-stage shuttle test
(Léger et al., 1988)). Based on our previous research (Eather et al.,
2015), a between-group difference of 10 laps was considered achiev-
able. Assuming a standard deviation of 9 laps, 80% power with alpha
levels set at 0.05, it was determined that 20 participants per group
would provide adequate power to detect statistically significant effects.

Once baseline assessments of cardiorespiratory fitness, muscular fit-
ness, body composition and physical activity motivation were conduct-
ed (research assistants blinded to treatment allocation), participants
were randomized at the individual level using a random number-
producing algorithm, by an independent researcher. A stratified random
sampling procedure was conducted to ensure that equal numbers of
boys and girls were allocated between the three groups.

Participants in the intervention groups participated in three HIIT ses-
sions/week for eight weeks and all sessions were conducted inside the
school hall. Two HIIT sessions/week were delivered in scheduled PE les-
sons, with a third session delivered at lunchtime. The focus of each of
the three programs included:

i. AEP: Participants completed HIIT sessions primarily involving gross
motor cardiorespiratory exercises requiring minimal equipment
(e.g., shuttle runs, jumping jacks, skipping);

ii. RAP: Participants completed HIIT sessions that included a combina-
tion of cardiorespiratory and body weight resistance training exer-
cises that required minimal equipment (e.g., body weight squats,
push-ups, hovers); and

iii. Control: Participants continued with their programmed PE and
usual lunchtime activities over the 8-week intervention period.
The control group received the AEP program once the intervention
and follow-up assessments were completed (Fig. 1).

The AEP and RAP groups engaged in HIIT sessions while the control
group did their usual PE warm-up, then the groups were combined to
complete the remainder of the PE lesson. HIIT session duration and in-
tensity were the same for both intervention groups. To encourage main-
tenance of the appropriate exercise intensity, participants were fitted
with heart rate monitors (Polar H7), which were connected to a central
iPad application (Polar Team). Participants were able to view this infor-
mation on a projector screen during sessions.

To promote exercise adherence, sessions were designed to be enjoy-
able, with fun warm-up and cool-down activities. In addition, sessions
were completed in pairs, with one participant undertaking the ‘work’
phase, while their partner completed the ‘rest’ phase. Sessions focused
on promoting encouragement and support to peers, ‘Trainer of the
Day’ certificates were awarded to one pair at the completion of each ses-
sion. Awards were given to participants who provided positive feedback
and motivation for their partner and demonstrated outstanding effort
and dedication during the workout. At the conclusion of the interven-
tion the pair awarded the most certificates received a prize (e.g., a gift
voucher). As the intervention progressed and exercises were mastered,
participants were given additional elements of choice including: music
(student playlists used weeks 2-8), exercise choices during a workout
(weeks 4-6) and choice of workout (between two workouts previously
completed; weeks 7 and 8).

Outcomes

All assessments were conducted by trained members of the research
team blinded to group allocation (baseline and post-test). A protocol
manual including specific instructions for conducting all assessments
was used by research assistants for accuracy and consistency. Physical
assessments were conducted in a sensitive method (e.g. weight/waist
circumference were measured in a private setting) and questionnaires
were completed under exam-like conditions.

Primary outcome

The primary outcome was cardiorespiratory fitness assessed using
the Progressive Aerobic Cardiovascular Endurance Run shuttle test
(Léger et al., 1988) using FITNESSGRAM® testing procedures (Cooper
Institute for Aerobics Research, 2013). This test is recommended by
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Fig. 1. Flow of participants through the study. Note: BMI: body mass index; WC: waist circumference; CRF: cardiorespiratory fitness; SLJ: standing long jump; PU: push up test; MOT: phys-
ical activity motivation; PA: physical activity; PE: physical education; AEP: aerobic exercise program; RAP: resistance and aerobic program. *Study conducted in Newcastle Australia in

2014.

the Institute of Medicine (IOM) (Institute of Medicine, 2012) as the
most accurate and appropriate field-based measure of cardiorespiratory
fitness in young people. Total number of laps completed was converted
to estimate aerobic fitness (VO,max) using the equation:

4176799 + (0.49261 x PACER) — (0.00290 x PACER?) —
(0.61613 x BMI) + (0.34787 x gender x age) (Mahar et al., 2011).

Note: PACER = number of laps completed; gender: 1 = boy and
0 = girl; and age in years.

Secondary outcomes

Muscular fitness: A modified version of the 90° push-up test was
used as a measure of upper body muscular endurance (Cooper
Institute for Aerobics Research, 2004); this test has acceptable test-
retest reliability in adolescents (ICC [95% CI] = .90 [.80 to .95])
(Lubans et al., 2011). The standing long jump was used as a measure
of lower body muscular strength (Castro-Pinero et al., 2010) and has ac-
ceptable reliability and validity in adolescents (Ortega et al., 2008).

Body composition: Weight was measured in light clothing without
shoes using a portable digital scale (Model no. UC-321PC, A&D Company
Ltd., Tokyo Japan) to the nearest 0.1 kg. Height was recorded to the
nearest 0.1 cm using a portable stadiometer (Model no. PE087, Mentone
Educational Centre, Australia). BMI was then calculated using the for-
mula weight (kg)/height (m)?. Waist circumference was measured to
the nearest 0.1 cm against the skin using a non-extensible steel tape
(KDSF10-02, KDS Corporation, Osaka, Japan) in line with the umbilicus.

Physical activity motivation: Autonomous motivation to engage in
physical activity was assessed using an 8-item validated questionnaire
examining benefits, fun, importance, enjoyment, effort, pleasure,

restlessness and satisfaction related to physical activity participation
(Markland and Tobin, 2004). Cronbach's alpha was used as a measure
of scale reliability [baseline: (¢ = 0.90) and post-test: (—a = 0.91)].

Process evaluation

Program feasibility was assessed based on the following: consent
rate (how many participants offered the program agreed to be in-
volved), retention rate (how many participants completed the interven-
tion and participated in baseline/post-intervention testing), adherence
(weekly session attendance of 3 sessions delivered/week (total: 24), av-
erage session heart rate across the 8 weeks totalling 10 min inclusive of
warm-up/cool-down phase) and participants' satisfaction with the pro-
gram (I enjoyed participating in the HIIT sessions on 5-point Likert scale:
5 = strongly agree to 1 = strongly disagree). In addition, teachers were
asked to report their confidence to deliver the HIIT programs at the end
of the study period (I am confident that I could deliver the HIIT/body
weight sessions at the start of my PE lessons on 5-point Likert scale: 5 =
strongly agree to 1 = strongly disagree).

Statistical analyses

Statistical analyses of the primary and secondary outcomes were
conducted using linear mixed models with IBM SPSS Statistics for Win-
dows, Version 20.0 (2010 SPSS Inc., IBM Company Armonk, NY).
Cohen's d was used to provide a measure of effect size (adjusted differ-
ence between HIIT and control groups over time divided by the pooled
standard deviation of change). Moderators of HIIT effects were explored
using linear mixed models with interaction terms for the following:
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i) sex (boys versus girls), ii) and baseline fitness level (i.e., healthy fit-
ness zone versus needs improvement). Subgroup analyses were con-
ducted if the interaction term was statistically significant (p = 0.10)
(Assmann et al., 2000).

Results

The number of participants involved at each phase of the study is re-
ported in Fig. 1. One secondary school was successfully recruited and 65
adolescents from three classes (45 males, 20 females, mean age:
15.8(0.6)) from years 9-10 completed baseline testing (see Table 1).
The intervention groups were similar for baseline characteristics. Of
the 65 participants, 52 were classified as within the ‘Healthy Fitness
Zone' (HFZ) and six were identified as ‘Needs Improvement’ for cardio-
respiratory fitness at baseline. Cardiorespiratory fitness was not report-
ed for seven participants.

Changes in primary outcome

Changes for all outcomes are reported in Table 2. Analyses of efficacy
(adjusted difference between group and Cohen's d effect sizes) identi-
fied a small intervention effect for the RAP condition for the primary
outcome, cardiorespiratory fitness (5.2 laps, 95% Cl = —4.2 to 14.7;
d = 0.4). After converting laps to estimated VO,max (Mahar et al.,
2011), a between group difference of 5.9 ml-kg-min was found in
favor of the RAP condition.

Changes in secondary outcomes

There was a moderate intervention effect for BMI in the AEP
(—0.27 kg/m?,95% Cl = —0.57 t0 0.04; d = — 0.53) and the RAP groups
(—0.28 kg/m?, 95% CI = —0.57 to 0.02; d = —0.53). Intervention ef-
fects for waist circumference were moderate for the AEP group
(—1.5cm,95% Cl = —3.41t00.4;d = —0.5) and large and statistically
significant for the RAP group (—2.1 cm, 95% Cl = —4.0 to —0.3;
d = —0.7; p = 0.024). Moderate and statistically significant interven-
tion effects were found for BMI-z for the AEP group (—0.10, 95%
Cl= —0.20to —0.01; d = 0.63; p = 0.037) and moderate intervention
effects for the RAP group (—0.08,95% CI = —0.17 t0 0.01; d = —0.50).
There were no intervention effects for muscular fitness for either HIIT
group. Motivation remained stable in both intervention groups from
baseline to post-test (AEP: 0.60, 95% Cl = —1.89 to 3.08, d = 0.10;
RAP: 0.36, 95% Cl = —1.99 to 2.72; d = 0.10). As there were no signif-
icant (p <.10) interaction effects for any of the potential moderators,
subgroup analyses were not conducted.

Table 1
Participant baseline demographics.

Demographic factor Group 1 (control) Group 2 (AEP) Group 3 (RAP)

Mean (SD) Mean (SD) Mean (SD)
n n=22 n=21 N=22
Males: 16, Males: 15,
females: 5 females: 7
Age (months) 15.6 (0.6) 15.7 (0.7) 15.5 (0.6)
Weight (kg) 66.0 (15.8) 64.7 (9.8) 67.0 (12.9)
Height (cm) 171.3 (10.6) 1723 (8.6) 173.8 (7.1)
BMI (kg/m?) 22.29 (3.53) 21.72 (2.10) 22.08 (3.56)
BMI-z 0.51 (0.94) 0.43 (0.60) 0.45 (1.05)
Estimated VO,max 50.3 (6.6) 49.3 (6.6) 473 (7.4)
(ml-kg-min)

Note: AEP = aerobic exercise program; RAP = resistance and aerobic exercise program;
BMI = body mass index. Study conducted in Newcastle Australia, in 2014.

Process evaluation

The program achieved good recruitment (consent rate: 86%), adher-
ence (average attendance: 2.2 of 3 sessions/week) and retention
(90.8%). Heart rate targets were met, with a higher average heart rate
evident for the RAP (AEP: 74.04% of max, 148.09 bpm; RAP: 77.58% of
max, 155.15 bpm) (average across all session weeks 1-8 inclusive of
warm-up/cool-down phase). Of the 43 intervention participants 31
completed the post-program evaluation questionnaire and reported
on a 5-point Likert scale (5 = strongly agree to 1 = strongly disagree)
that the program was enjoyable (X = 4.2). Similarly, the four teachers
involved in the study all agreed that: (i) their students had enjoyed par-
ticipating in the intervention, (ii) they could confidently deliver the HIIT
sessions at the start of their lessons with minimal professional learning
and, (iii) they intend to include HIIT in their physical education lessons
in the future.

Conclusions

The aim of this study was to evaluate the preliminary efficacy and
feasibility of embedding HIIT into the school day. Although not statisti-
cally significant, small improvements in cardiorespiratory fitness were
observed for the RAP condition. In addition, participants in both HIIT
groups improved their body composition in comparison to the control
group. Overall, the strongest intervention effects were observed for par-
ticipants in the RAP group, which included resistance and aerobic exer-
cises during sessions. In regards to feasibility, the program achieved
high recruitment, good adherence and retention. Participants enjoyed
participating in the HIIT sessions and supervising teachers reported a
willingness to embed HIIT within future PE lesson.

The RAP intervention condition achieved small intervention effects
for cardiorespiratory fitness, an increase of 5.2 laps on the shuttle
test was achieved in comparison to controls, which converts to an
estimated VO,Max increase of 5.5 mL-kg-min (6.1% improvement).
Similarly, a recent systematic review and meta-analysis (Costigan
et al., 2015) revealed that HIIT can improve cardiorespiratory fitness
[unstandardized mean difference (MD) = 2.6 mL-kg-min, 95% Cl =
1.8 to 3.3, p < 0.001] in comparison to moderate-intensity exercise
and non-exercising control conditions in adolescents. However, results
of our study were not statistically significant, which may be explained
by the small sample size. In contrast, the AEP resulted in only trivial im-
provements in cardiorespiratory fitness, this difference is of interest
given that both HIIT conditions had an aerobic component and the
same training volume and intensity. It may be that muscle performance
was enhanced by the lower body strength exercises (e.g., body weight
squats) performed as part of the RAP condition and this contributed to
larger performance improvements and higher average session heart
rates.

There was a moderate intervention effect for BMI and BMI-z in both
groups. High BMI values are associated with various adverse health out-
comes (Buncher et al., 2015; Weber et al., 2014; Twig et al., 2014),
therefore even moderate improvements can be meaningful at the pop-
ulation level. The favorable intervention effects on BMI in our study are
supported by findings of a recent systematic review and meta-analysis
which reported HIIT to be a feasible and time efficient approach for im-
proving body composition in adolescent populations, reporting a mod-
erate and statistically significant intervention effect for BMI
[(MD = — 0.6 kg/m?, 95% Cl = —0.9 to —0.4, p<.001) (d = — .37,
95% Cl = —0.68 to —.05)] (Costigan et al., 2015).

Moderate intervention effects were found for waist circumference
for the AEP and large statistically significant intervention effects for
RAP. Intervention effects on waist circumference for HIIT are supported
by a range of other studies in adolescent populations (Buchan et al.,
2013; Boer et al., 2014; Farah et al., 2014; Racil et al., 2013; Tjgnna
et al., 2009). Of these studies, four utilized sprints-based training
(Buchan et al., 2013; Farah et al., 2014; Racil et al., 2013; Tjgnna et al.,



Table 2

Changes in primary and secondary outcomes post-intervention.

Adjusted difference between groups®

Control group AEP group RAP group

Variable

RAP-control

AEP-control

Cohen's d

p value

Cohen's d Mean

Posttest Baseline Posttest Baseline Posttest Mean p value
Mean Mean Mean Mean

Mean

Baseline
Mean

Change

Change

(95% CI)
52

(95% C1)

25

(95% CI)
64.5

(95% CI)
59.5

(95% CI)
619

(95% CI)
59.6

(95% CI)
60.6

(95% CI)
60.8

0.4

0.571

0.1

0.605

Cardio-respiratory fitness (laps)

(—42,14.7)

—0.28

(—7.2,12.3)

—0.27

(53.5,75.6)

(47.9,71.2)
22.07

22.00

(503, 73.4)
21.80

(49.9,713) (47.3,71.9)
21.72

22.63

(49.3,72.4)
22.29

—05

0.067

—0.5

0.086

BMI (kg/m?)

(—0.57,0.02)

—0.08

(—0.57,0.04)

—0.10

(20.75,23.38)

0.45

(20.66, 23.35)

0.45

(2038, 23.22)

0.41

(20.27,23.16)

0.43

(21.31,23.95)

0.59

(20.95, 23.64)

0.51

—0.5

0.093

—0.6

0.037"

BMI z-scores

(—0.17,0.01)

—2.1

(—0.20, —0.01)
—-15

(0.08,0.81)
773

(0.07,0.82)
78.7

(0.02, 0.80)
75.8

(0.03,0.84)

76.6

(0.22,0.95)

77.7

(0.13,0.83)

77.1

—0.7

0.024"

—0.5

0.113

Waist circumference (cms)

(—4.0, —03)

3.6

(—34,04)

14

(73.1,815)

184.9

(74.9, 82.6)

179.7

(71.3,80.3)

174.7

(72.5,80.8)

164.5

(73.6,81.9)
179.0

(73.2,80.9)

170.3

S.A. Costigan et al. / Preventive Medicine Reports 2 (2015) 973-979 977

—0.2

0.492

0.1

0.789

Standing long jump (cms)

(—14.2, 6.9)

0.7

(—9.3,12.1)

0.5

(167.7,202.1)

17.8

(164.7,194.7)

15.1

(156.4, 193.1)

17.6

(1484, 180.7)

13.8

(162.0, 196.1)

16.6

(155.2, 185.4)

133

—0.1

0.668

0.1

0.731

Push-ups (repetitions)

(—3.7,2.4)

0.36

(—26,3.7)

0.60

(13.4,22.1)
32.05

(11.1,19.1)

32.23

(12.9,22.3)

31.75

(95,18.1)
31.70

(12.1,21.1)

34.05

(92,17.5)

34.59

0.1

0.759

0.1

0.632

Motivation (score/40)

(—1.99,2.72)

(—1.89, 3.08)

(3127,3682)  (29.11,3429)  (28.79,34.71)  (29.76,34.69) (2927, 34.82)

(32.13, 37.06)

2 Adjusted difference between groups and 95% confidence interval between intervention and control groups after the 8-week intervention (AEP minus control; RAP minus control).

* p<0.05

2009), and one study used sprint cycling (Boer et al., 2014). Follow-up
periods of these studies ranged between post-intervention and 3-
weeks, therefore it is unknown whether participating in these activities
would result in continued participation and long-term improvement in
waist circumference for adolescents. In addition, it is unknown whether
participating in the same type of activity (e.g., cycling or sprints) for an
extended time period is appealing for adolescents given three of the
five studies reported low retention rates (44-50% (Buchan et al.,
2013; Farah et al,, 2014; Tjenna et al., 2009)).

There was a negligible effect on objective measures of muscular fit-
ness in comparison to the control condition. Similarly, a recent system-
atic review found the overall effect of HIIT on muscular fitness was not
statistically significant (MD = 0.8 cm, 95% Cl = —1.8to 3.4, p = 0.5)
(Costigan et al., 2015). In our study, muscular fitness improvements
for the control group were similar to the HIIT conditions, which may
be explained by the learning effect associated with fitness testing. In ad-
dition, the lack of intervention effect could also be attributed to the abil-
ity of the tests to detect change. For instance, we used field-based tests
to assess muscle performance but it may be that more sophisticated
laboratory-based assessments are able to detect modest improvements
in performance resulting from HIIT. There is clearly a need for further
studies to examine the long-term impact of HIIT on muscular fitness
in adolescent populations. It could be necessary for interventions to im-
plement a higher dose and to be conducted for longer duration for mus-
cular fitness improvements.

The intervention effect of HIIT on physical activity motivation was
trivial. However, this in itself may be an encouraging outcome, given re-
cent commentaries have suggested that prescribing intense exercise
(specifically sprints training) to general/sedentary populations may
lead to feelings of incompetence and failure resulting in reduced phys-
ical activity motivation and participation (Hardcastle et al., 2014). Nu-
merous studies have reported positive associations between young
people's physical activity and various measures of motivation (Owen
et al., 2014) (e.g., autonomous motivation (Vierling et al., 2007;
Standage et al., 2012); intrinsic and introjected physical activity moti-
vation (Verloigne et al., 2011); self-determined motivation (Owen
et al., 2013)). If delivered using an authoritarian teaching style, HIIT
could be unenjoyable. However, our HIIT intervention was developed
in reference to self-determination theory (Deci and Ryan, 1985) and
the sessions were designed to satisfy participants' basic psychological
needs for autonomy (e.g., choice of music, exercise choices during a
workout and choice of workout), competence (e.g., provision of chal-
lenging yet achievable workouts, positive feedback and heart rate
data) and relatedness (e.g., working in pairs, sessions focused on pro-
moting encouragement and support to peers). We suggest that HIIT
can be delivered using an autonomy supportive manner, but teachers
may require appropriate professional learning to ensure that programs
support rather than thwart young people's basic psychological needs.

Based on the high retention rates, session attendance, satisfaction
and adherence to heart rate targets, the HIIT protocols and delivery
methods were acceptable for participants and teachers. Intervention
strategies appealed to participants and resulted in continued involve-
ment in the program. Further investigation of technology-based strate-
gies such as smartphone applications and text messaging (Smith et al.,
2014; Thompson et al., 2014) to promote adherence and participation
beyond the school setting are clearly warranted. In addition, qualitative
research is needed to inform future studies of additional strategies for
sustained intervention fidelity and the perceptions and pragmatic as-
pects of introducing HIIT within the school context.

Strengths and limitations

This study has a number of strengths including the randomized de-
sign, assessor blinding and high levels of intervention fidelity. Impor-
tantly, the retention and session attendance rates were high,
demonstrating that the program was appealing to the target group.
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However, some limitations should also be acknowledged. The small sam-
ple size may limit the generalizability of our findings, as the study was
conducted in one school with more boys than girls. Laboratory-based
methods such as DXA for body composition and isokinetic/isotonic mus-
cle performance testing may have detected more substantial changes
resulting from the intervention. physical activity undertaken outside of
school time was not taken into account, which could affect the changes
in some outcome measures. Finally, cardiorespiratory fitness was
assessed using the multi-stage fitness test; while this test is considered
the most appropriate field-based measure of cardiorespiratory fitness
(Pate and Daniels, 2013), VO,max testing is considered to be the gold
standard.

Conclusions and future directions

Evidence from this study highlights the potential of embedding HIIT
within PE for improving cardiorespiratory fitness and body composition
among adolescents. While an 8-week, school-based HIIT intervention
appears to be a promising approach for improving fitness outcomes;
some results were not statistically significant and therefore require fur-
ther examination on a larger scale. In addition, the long-term effective-
ness and sustainability of this approach should be assessed both
quantitatively and qualitatively, and the potential of successfully train-
ing teachers to deliver the program also requires investigation. In sum-
mary, HIIT appears to be a feasible approach for improving fitness for
adolescents in a school-based setting. Further longitudinal research
with longer follow-up periods, investigating a larger sample of adoles-
cents from different schools should be conducted.
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