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Background/objective: High-intensity interval training (HIIT) can produce similar or improved results
compare with traditional training, but the question as to whether HIIT can be used in the setting of
physical education (PE) remains unanswered. The aim of this systematic review was to critically analyze
the feasibility of incorporating HIIT programs into PE classes to improve the body compositions and
cardiorespiratory fitness of overweight students.
Methods: We conducted database searches for literature dating between January 2012 and January 2017.
Of the final six studies selected, three were conducted in children under 12 years old and three involved
adolescents between 12 and 18 years old.
Results: The HIIT protocols consisted of 2—3 sessions per week, with intervals of 15s and passive or
active rests of 15 s, totaling up to 6 min of work with 4 min of rest. The duration of HIIT programs was 6
—24 weeks. Significant changes were reported in body composition, body mass index, body fat (%), waist
circumference, and sum of skinfolds; and increases in muscle mass were observed. The inclusion of HIIT
programmes improved maximal oxygen uptake (VO2max), performance in the intermittent Yo-Yo test and
maximal aerobic speed.
Conclusions: The HIIT programmes showed improvements in the variables studied, with interventions
two or three times weekly. Therefore, they can be used in schools, as a strategy to combat the childhood
obesity pandemic and HIIT can be use alongside with existing PE activities within the same lesson or in
specific periods during day school.
© 2018 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

worldwide health problem, increasingly prevalent in child and
adolescent populations, especially over the last few decades.>* This

Childhood obesity is a complex condition that can drive many
risk factors.! It is characterized, among other factors, by an imbal-
ance between food input and energy expenditure which results in
an increase in body mass index (BMI).> This pathology is a
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increase has been associated with a concomitant increase in various
chronic illnesses such as metabolic syndrome, type 2 diabetes,
cardiovascular disease, cancer, and arthritis as well as a higher
probability of obesity and low cardiorespiratory capacity in adult-
hood.>® Cardiorespiratory capacity is a measurement of how the
body functions and develops, and should, through training, play an
important role in activities related to improving physical activity.
This is a fundamental component of a healthy lifestyle for children
and adolescents.” Furthermore, high cardiorespiratory capacity is
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associated with lower cardiometabolic risk.®

Effective strategies for the prevention and treatment of child-
hood obesity require the involvement of the school environment.
Modification of physical education (PE) curricula in schools have
resulted in consistent changes in the quantity of physical activity
and student motivation, with positive effects on quality of life and
other biomarkers.”? Adequate exposure to PE effectively contrib-
utes to the development of a healthier lifestyle among children,
which continues throughout their lifespan. However, many PE
programs do not comply with recommendations in terms of class
times and intensity (moderate-to-vigorous physical activity) due to
time lost to management-related activities.®?

To combat childhood obesity, a healthy diet and/or aerobic
training are essential.!” Although continuous aerobic training is
generally included in intervention programs, low volume high-
intensity interval training (HIIT) can produce similar or improved
responses compared with traditional continuous aerobic training,
despite the short amount of time that HIIT requires.!

Alvarez et al. observed that following a HIIT program for a total
of 18 sessions (three times per week) improved the insulin resis-
tance levels (assessed by homeostatic model assessment of insulin
resistance [HOMA-IR]) as well as the anthropometric, cardiovas-
cular, and physical performance of insulin-resistant school-
children.”> A systematic review on children and adolescents
reported that HIIT programs are a time-efficient tool for improving
the biomarkers of cardiovascular disease.”> However, recommen-
dations regarding the intensity, volume, frequency of the exercise,
and rest intervals remain scarce which hinders the application of
HIIT in the context of school PE classes. The question of whether
HIIT could be used for the treatment and prevention of obesity in
school-aged children, and the feasibility of applying HIIT in school
PE programs, remain to be addressed. Therefore, the aim of this
systematic review was to critically analyze the feasibility of
including HIIT-based programs in PE classes to improve the body
compositions and cardiorespiratory fitness of overweight and
obese students.

Methods
Search strategy

This systematic review was carried out following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) recommendations.”* The following databases were
used: Web of Science, Scopus, MEDLINE, SPORTDiscus and
PUBMED. The keywords used in the search and their possible
combinations were: obesity or overweight or obese and child or
adolescents or children or teen and high-intensity interval training
or high-intensity interval exercise or high-intensity intermittent
exercise.

Inclusion criteria

The inclusion criteria were as follows: a) children and adoles-
cents classified as overweight or obese between 6 and 19 years old
exclusively, b) studies published between 31 January 2012 and 31
January 2017, c) studies that included anthropometric and cardio-
respiratory capacity evaluations in pre- and post-intervention, d)
studies in English published in peer-reviewed journals, and e)
studies that used HIIT alone or combined with other methods.'>!°

Studies where caloric restriction was applied, interventions that
used pharmaceuticals, or those centered on programs aimed at
adolescents with hormonal imbalances and eating disorders were
excluded.

Quality assessment

Two reviewers (P.D. and D.J.) independently selected titles and
abstracts of potential studies identified by the search strategy.
Study quality was determined through the Evidential Physio-
therapy (PEDro) database,'” with scores ranging from 0 to 11 points.

Results

The search procedure identified 158 potential articles (Web of
Science, n=29; SCOPUS, n=381; Medline, n= 14; SPORTDiscus,
n=10; PUBMED, n=24). In the initial analysis, 53 publications
were excluded due to duplication. Subsequently, 70 articles were
excluded after reading the title and summary. The remaining 35
articles were read in full and six were selected as eligible after
quality assessment'®~23 (Fig. 1).

High-intensity training modalities, outcome measures, and re-
sults of different interventions are presented in Table 1. Of the six
studies selected, three were conducted in children under 12 years
0ld'®?22% and three focused on adolescents between 12 and 18
years old.'” 2! The HIIT protocols consisted of 2—3 sessions per
week, with working times of 15 s and passive or active rest periods
of 15 s, totaling up to 6 min work with 4 min rest. The durations of
the programs were 6—24 weeks. According to the studies included
in this review, significant changes were reported in body compo-
sition Body mass index (BMI), BMI z-score, % body fat (%BF) and
waist circumference (WC),'? in the sum of skinfolds,'® in body mass
(BM), BMI, BF% and WC,?! and increase in muscle mass.>> HIIT
programmes improved maximal oxygen uptake (VOZmax),lg'Zl —23
performance in the intermittent Yo-Yo test, maximal aerobic
speed (MAS)'® and aerobic capacity.?”

Quality assessment

Study quality for the seven selected articles using the PEDro
scale. This returned a score of seven points out of a maximum of
eleven (Table 2). The lost points were mainly due to: i) assignment
concealment not being entirely relevant in studies of this nature, ii)
difficulty in blinding the participants, as they are previously
informed of the type of activity that will be undertaken, and iii)
blinding the persons who apply the interventions (specifically,
teachers) was not applicable.

Discussion

The main findings of this review were: 1) HIIT programs resul-
ted in improvements in body composition in less time than less-
intense exercise, 2) HIIT programs resulted in improvements in
cardiorespiratory fitness, and 3) the HIIT protocols are highly
applicable to PE classes due to their short duration and adaptability
to the school setting.

Body composition

This review revealed that HIIT resulted in significant changes in
several parameters compared with control groups that performed
other types of exercises or did not receive intervention. Racil et al."”
compared HIIT with moderate-intensity interval training (MIIT)
and found that HIIT led to greater improvements on cardio-
metabolic variables. Lau et al.'® observed a significant decrease in
the sum of skinfolds of overweight children who followed HIIT
programs in comparison with low-intensity (LI) interval exercises.
In another investigation, Racil et al., compared HIIT programs with
HIIT-plus-plyometric programs and reported that both approaches
produced significant results (BMI, BF%, WC).?! Hay et al.,>® however,
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Fig. 1. Flowchart illustrating the different phases of the search and selection of studies.

did not report any differences in adiposity measurements between
groups who undertook HIIT and those who followed a moderate-
intensity endurance training (ET) program. Lambrick et al.>
through high intensity discontinuous games found that the
anthropometric parameters of obese children improved signifi-
cantly compared with the control group. However, McNarry,?? who
performed an intervention with similar characteristics to that of
Lambrick et al.,> reported no anthropometric variations.

In some studies, similar results were reported for body
composition when comparing HIIT with ET, although the duration
of HIIT sessions was 70% less than ET sessions.>* In another study,
HIIT proved to be a more effective approach for weight loss in obese
adolescents compared with ET.%> An intervention which employed
different exercise methods reported that HIIT groups achieved
greater increases in fat oxidation rates and greater decreases in BMI
than the LI groups.?® Racil et al.>” observed a greater decrease in BF
% in HIIT groups compared with MIIT groups. With regard to WC,
the application of HIIT for obese adolescents resulted in a greater
decrease than moderate exercise.”® Subjects of both HIIT and ET
reported similar energy expenditures in the 24 h post-session,’
which could explain the similar results for body composition in
some cases, despite the lower total volume of training and time
commitment of HIIT.>° A further benefit of high-intensity compared
with LI training for obesity and cardiovascular health is the
improvement of parasympathetic tone and autonomic heart

modulation in obese adolescents.>!
Cardiorespiratory capacity

The HIIT programs included in this review improved VOjp,.
ax,]9'21—23 performance in the intermittent Yo-Yo test, MAS,'® and
aerobic capacity.”® When comparing the results found in this review
with previous studies, we found that 4 x 4 min interval exercises at
90% maximal heart rate (HR) generated significant improvements in
VOumax after 3 months.>? Hottenrott et al.>> showed that HIIT ex-
ercise caused significantly greater improvements in VO,pax than ET.
According to a recent review, HIIT is a time-efficient tool for
increasing cardiorespiratory fitness in adolescents.>*

Araujo et al?* found that the improvements in VOymax for
continuous training at 80% peak HR for 30—60 min are similar to
those achieved by HIIT through sprints. After following an 8 week
HIIT program, performing four repetitions at 90—100% max HR for
20 s with 10 s rest periods, significant increases in VOypax of ado-
lescents with low physical activity levels were observed.> Gillen
et al.>® reported that 12 weeks of HIIT with a total time of 10 min,
resulted in similar improvements in VOymax when compared with
50 min sessions of aerobic training. Similar improvements were
seen in systolic and diastolic heart functions following twice
weekly HIIT sessions for 13 weeks in place of standard aerobic
training.>” In addition, an intervention which compared HIIT with
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Table 1
Results of studies examining the effects of HIIT on cardiorespiratory fitness and anthropometric parameters in obese children and adolescents (n = 6).
Studies Subject description Study design Training program Outcomes Result
Lau et al. n=15 Randomized clinical HIIE = 12 sets x 15-s at 120% BMI (kg/m?) | Sum of skinfolds (mm)
(2014) Age: 11.0 + 0.6 years trial. MAS followed by a 15- second 1 YYIET distance covered (m)
BM: 51.1 + 6.6 kg HIIE, LIIE and CON passive recovery. Skinfold thickness (mm)
Size: 146.7 + 5.2 cm Duration: 6 weeks, three times Sum of skinfolds (mm)
a week. YYIET (level one)
Racil et al. n=17 Randomized clinical HIIT = 3 sessions x 4—8 min BM (kg) | BM (kg)
(2016) Age: 14.2 + 1.2 years. trial. HIIT, MIIT and (155s/155)15-s at 100% MAS BMI—Z-score | BMI Z-score
BM: 87.3 +4.5kg CON follow by 15 s recovery at 50% BF (%) | WC (cm)
Size: 164.0 + 5.0 cm MAS. 3-min of inter-session WC (cm) | BF (%)
passive recovery period. VOymax (L-min~1) 1 VOzmax (ml/kg/min)
Duration: 12 weeks, three times
a week.
Hay et al. n=38 Randomized clinical HIIT = 70—85% HRres BM (kg) 1 VO2max (ml/kg/min)
(2015) Age: 15.3 + 1.7 years trial. HIIT, moderate- Duration: 6- month, three times BMI (kg-m?)
BM:89.1 + 15.7 kg intensity and CON a week. WC (cm),
Size: not reported BF% trunk fat %
VO2max (ml/kg/mm)
Racil et al. n=23 Randomized clinical HIIT = 6—8 blocks per session of BMI Z-score | BM (kg)
(2015) Age: 16,6 0,9 years trial HIIT, P+-HIIT and 30-s runs at 100%MAS, with 30- WC (cm) | BMI Z-score
BM: 83.9 +4.5kg CON s active recovery between bouts BF (%) IWC (cm)
Size: 163 +5.0 cm at 50%. LM (kg) | BF (%)
Duration: 12 weeks, three times 1 VO2max (ml/kg/min)
a week. VOsmax (ml/kg/min).
McNarry et al. n=15 Randomized clinical EX = 6-min high- intensity BM (kg) 1 VOz2max (ml/kg/min)
(2015) Age: 9.3 +£0.9 years trial EX and CON exercise followed by 2 min of BMI (kg-m?)
BM: 49.1 + 10.8 Kg recovery (6 games per session) VOsmax (ml/kg/min).
Size: 143.3 +9.2cm and a 4-min circuit.
Duration: 6 weeks, two times a
week
Lambrick n=28 Randomized clinical EX = 6-min high- intensity BM (kg) 1 WC (cm)
etal. Age: 9.3 +0.9 years trial exercise followed by 2 min of BMI (kg-m?) LM (kg)
(2015) BM 489+ 11.0kg EX and CON recovery (6 games per session) WC(cm) 1 VO2max (ml/kg/min).
Size: 143.3 +9.0cm and a 4-min circuit. BF(%)
Duration: 6 weeks, two times a LM (kg)

week.

VO2max (ml/kg/min).

BM = body mass; BMI = body mass index; WC = waist circumference; BF = body fat; LM = lean mass; FFM = free fat mass; LIIE = low intensity intermittent exercise;
HIIE = high intensity intermittent exercise; HIIT = high intensity interval training; MIIT = moderate-intensity interval training; CON = control group; AT = aerobic training;
P = plyometric training; P+HIIT = plyometric exercise combined with HIIT; EX = exercise; YYIET= Yo-Yo intermittent endurance test; MAS = maximal aerobic speed;
HRres = reserve heart rate; VO,max— maximal oxygen uptake; 1; =Significant increase; | = Significant reduction.

Table 2
Physiotherapy evidence database scale (PEDro).

1. 2. 3. 4. 5 6. 7. 8 9. 10. 11. Total Score
Lau et al. (2015) 11 01 00 0 11 1 1 7
Racilet al.(2016) 11 01 00011 1 1 7
Hay et al. (2016) 110100011 1 1 7
Racilet al. (2015) 11 01 00011 1 1 7
McNarryetal.(2015) 1 1 0 1 0 0 0 1 1 1 1 7
Lambricketal.(2015) 1 1 0 1 0 0 0 1 1 1 1 7

Notes: 0 =item was not satisfied; 1 =item was satisfied. Item 1: eligibility criteria
were specified; Item 2: subjects were randomly allocated to groups; Item 3: allo-
cation was concealed; Item 4: the groups were similar at baseline regarding the
most important prognostic indicators; Item 5: there was blinding of all subjects;
Item 6: there was blinding of all therapists who administered the therapy; Item 7:
there was blinding of all assessors who measured at least one key outcome; Item 8:
measurements of at least one key outcome were obtained from more than 85% of
the subjects initially allocated to groups; Item 9: all subjects for whom outcome
measurements were available received the treatment or control condition as allo-
cated, or where this was not the case, data for at least one key outcome were
analyzed by “intention to treat”; Item 10: the results of between groups statistical
comparisons are reported for at least one key outcome; Item 11: the study provides
bothpoint measurements and measurements of variability for at least one key
outcome.

LI aerobic training for 6 months showed significant reductions in
systolic and diastolic blood pressure of participants in both groups.
However, beneficial changes in HR and HR variability were only
observed in the HIIT group.®' It is important to consider that while
aerobic training is beneficial, its application requires longer session

times to achieve similar results to HIIT.

On the other hand, HIIT increase metabolic and cardiorespira-
tory stress. A single exercise session using a 4 x 4 min protocol at
90—-95% peak power output causes increased VO,, average HR,
ventilation, and ventilatory equivalent.>® These results are sup-
ported by a recent study conducted on 17 school-age children,
which revealed increased VO, following 12 intervals of 30 s at 90%
max HR.> Revised HIIT protocols can result in improved cardio-
respiratory capacity, increased VOymayx, and significantly decreased
systolic and diastolic blood pressure. Maintaining optimal levels of
these parameters plays a fundamental role in limiting the risk
factors in overweight adolescents.

Limitations

The limitations of this systematic review are as follows: 1) the
studies considered performed HIIT with different exercises (games,
running, etc.) and combined with other training methods, making
it difficult to generate a specific intervention protocol; 2) studies
with caloric restrictions were not accepted, mainly because this is
an uncontrollable variable for the application of these methodol-
ogies in overweight and obese school-age children; and 3) sex was
not considered when analyzing results.

Conclusion and practical application

In conclusion, HIIT programs can result in improvements in
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body composition and cardiorespiratory capacity, as well as im-
provements in health markers. In addition, HIIT methods require
less time than low-intensity activities, making them applicable for
use in schools as a strategy to combat the childhood obesity
pandemic. The incorporation of HIIT programs could be carried out
alongside existing PE activities within the same lesson or in specific
periods during the school day. The authors suggest that in order to
guarantee HIIT effectiveness, programs should include 2—3 sessions
per week, with intervals of 15—30s and passive or active rest pe-
riods of 15—30s. For higher volume programs, discontinuous
games of up to 6 min work with 4 min rest periods for a total ses-
sion time of 40 min can be used.

Despite this study highlights the importance and feasibility of
HIIT methodology in a school setting, some questions need to be
addressed. Future research should identify the optimal duration of
HIIT sessions for improving physical, physiological and cognitive
health in young children. Likewise, future studies should determine
the optimal frequency within the school calendar for this type of
programs.
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