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Abstract: Physical activity lowers future cardiovascular disease (CVD) risk; however, few chil-

dren and adolescents achieve the recommended minimum amount of daily activity. Accordingly, 

there is virtue in identifying the efficacy of small volumes of high-intensity exercise for health 

benefits in children and adolescents for the primary prevention of CVD risk. The purpose of this 

narrative review is to provide a novel overview of the available literature concerning high-intensity 

interval-exercise (HIIE) interventions in children and adolescents. Specifically, the following 

areas are addressed: 1) outlining the health benefits observed following a single bout of HIIE, 2) 

reviewing the role of HIIE training in the management of pediatric obesity, and 3) discussing the 

effectiveness of school-based HIIE training. In total, 39 HIIE intervention studies were included 

in this review. Based upon the available data, a single bout of high-intensity exercise provides 

a potent stimulus for favorable, acute changes across a range of cardiometabolic outcomes that 

are often superior to a comparative bout of moderate-intensity exercise (14 studies reviewed). 

HIIE also promotes improvements in cardiorespiratory fitness and cardiometabolic health status 

in overweight and obese children and adolescents (10 studies reviewed) and when delivered 

in the school setting (15 studies reviewed). We thus conclude that high-intensity exercise is a 

feasible and potent method of improving a range of cardiometabolic outcomes in children and 

adolescents. However, further work is needed to optimize the delivery of HIIE interventions in 

terms of participant enjoyment and acceptability, to include a wider range of health outcomes, 

and to control for important confounding variables (eg, changes in diet and habitual physical 

activity). Finally, research into the application of HIIE training interventions to children and 

adolescents of different ages, sexes, pubertal status, and sociocultural backgrounds is required.

Keywords: vigorous physical activity, primary prevention, pediatric, cardiometabolic disease

Introduction
Cardiovascular diseases (CVDs) are the leading cause of global mortality, and CVD 

risk-factor status in early life is associated with atherosclerotic progression not only 

in youth1 but also in early adulthood.2 Therefore, there is a strong rationale for the 

identification of effectual interventions that can modulate CVD risk factors in early 

life for the primary prevention of atherosclerosis. One such intervention is the pro-

motion of physical activity, as time spent performing moderate- to vigorous-intensity 

physical activity in youth is inversely associated with future CVD risk.3 However, 

only a fifth of children and adolescents achieve the recommended4 daily minimum 

of 60 minutes of moderate- to vigorous-intensity physical activity,5 and recent meta-

analysis has highlighted that school-based physical activity interventions have only a 
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small effect (~4 minutes) on increasing overall moderate- to 

vigorous-intensity activity levels in children6 and adoles-

cents.7 Therefore, there is an interest in identifying whether 

smaller volumes of physical activity can be optimized for 

the health of children and adolescents.

Both cross-sectional8 and longitudinal9 data have dem-

onstrated that only time spent performing vigorous-intensity 

(not moderate- or light-intensity) physical activity is favorably 

related to CVD risk factors in children and adolescents. These 

findings are striking, not only due to the small amount of daily 

vigorous-intensity activity required (7 and 4 minutes, respec-

tively) but also because time spent performing light-intensity 

physical activity was positively related to adiposity.9 Data 

from the European Youth Heart Study similarly reported that 

time spent performing vigorous- but not moderate-intensity 

activity was associated with lower adiposity in children10 and 

adolescents.11 Furthermore, only vigorous-intensity activity is 

favorably associated with blood-vessel function in children12 

which is important, as an impairment in endothelial function is 

the earliest detectable manifestation of atherosclerosis13 and a 

prerequisite for deleterious structural changes to the vessels.14 

Therefore, the promotion of short bouts of vigorous-intensity 

activity in youth appears to be an important consideration 

regarding the primary prevention of CVD.

Several review articles have recently been published 

regarding the role high-intensity interval exercise (HIIE) train-

ing might play in the promotion of cardiometabolic health in 

children and adolescents.15–18 However, these reviews failed 

to incorporate fully what we know from acute HIIE studies 

into their conclusions, which are conceptually important for 

some health outcomes, and often exclude training studies 

of <4 weeks in duration.15,16 Additionally, there is a lack of 

distinction regarding the effects of HIIE training between dif-

ferent pediatric groups (eg, overweight/obese groups), and the 

potential challenges facing researchers when conducting HIIE 

training interventions in settings beyond the laboratory have 

yet to be addressed. Finally, there is a wide interpretation of 

what does and does not constitute HIIE in these review papers, 

with one failing to define this term17 and others including only 

studies of intensity ≥64% peak oxygen uptake (VO
2peak

),16 

≥85% peak heart rate (HR
max

),15 and ≥90% VO
2peak

.18 The 

purpose of this narrative review is to address these limitations 

and provide a contemporary perspective on the potential for 

high-intensity exercise to promote cardiometabolic health 

in children and adolescents. As such, we have defined high-

intensity exercise as an exercise stimulus ≥70% VO
2peak

 (or 

equivalent, such as HR
max

), as this likely represents an inten-

sity greater than the lactate threshold,19 which demarcates 

the upper boundary of the moderate-intensity domain and 

includes both constant and interval protocols. Specifically, 

this review outlines the role HIIE may play in health promo-

tion by 1) outlining the health benefits observed following a 

single bout of HIIE, 2) reviewing the role of HIIE training in 

the management of pediatric obesity, and 3) discussing the 

effectiveness of school-based HIIE training.

Acute high-intensity exercise and 
health outcomes
The chronic benefits of habitual physical activity are thought 

to be related to repeated, acute responses to a single exercise 

bout.20,21 For example, the cardiometabolic changes typically 

observed after a bout of exercise are transient, but these 

changes can be experienced on a routine basis following 

regular exercise. Daily exercise thus reduces total exposure 

to a less favorable cardiometabolic profile over the life span, 

and in this manner reduces the risk of chronic disease. In line 

with this concept, it has repeatedly been demonstrated that 

those who are physically active are characterized by a lower 

lipemic response to a high-fat meal; however, this benefit is 

lost following 48 hours of exercise abstention.22,23 Additionally, 

Freese et al21 demonstrated that the magnitude of reduction 

in postprandial lipemia after a single bout of sprint interval 

cycling was comparable to that observed after 6 weeks of sprint 

interval training, suggesting that habitual physical activity and 

exercise training do not confer favorable metabolic changes 

beyond a “last bout” effect. Therefore, there is necessity in 

examining the acute responses to a single bout of HIIE, and 

(where possible) in comparison with a bout of more traditional 

continuous aerobic endurance exercise (AEE) training. This 

perspective is currently missing from existing review papers 

in this field,15–18 which we address here. The available acute 

high-intensity exercise studies in children and adolescents are 

summarized in Table 1, and include high-intensity running and 

cycling exercise bouts and repeated sprint-cycling intervals.24 

Of the 14 studies in Table 1, 10 included either a high-fat or 

high-glucose test meal in order to observe how a bout of high-

intensity exercise may protect against a metabolic “challenge”, 

while 4 studies directly quantified vascular function. Only one 

study compared whether responses to HIIE differed in normal-

weight compared to obese children.25

Postprandial lipemia
Most of the day may be spent in the postprandial state, and 

elevations in nonfasting plasma triacylglycerol (TAG) con-

centration during adolescence are positively related to CVD 

events in later life.26 Four24,27–29 of the HIIE and  postprandial 
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lipemia studies adopted a 2-day protocol, whereby the exer-

cise bout was completed in the afternoon or evening, and the 

participants consumed a standardized evening meal before 

being transported to the laboratory the following morning 

after an overnight fast. One benefit of this design is that it 

coincides with the delayed peak in lipoprotein-lipase activ-

ity postexercise,30 which is responsible for the hydrolysis of 

TAG-rich lipoproteins and mechanistically linked to attenu-

ation of postprandial lipemia following exercise. All of these 

investigations demonstrated significant reductions in the total 

area under the curve (TAUC) for TAG of 10%–26%, and all 

but one31 demonstrated a 15%–47% reduction in incremental 

AUC (IAUC) for TAG. These data are in line with the typical 

attenuation in postprandial lipemia following a bout of AEE 

in pediatric groups.32 Only one of these studies contrasted 

HIIE to AEE,29 and reported a similar reduction in postpran-

dial lipemia following 60 minutes (6×10-minute bouts) of 

treadmill running at 75% VO
2peak

 and 53% VO
2peak

 in boys, 

despite differences in energy expenditure.

Collectively, data indicate that an acute bout of HIIE has the 

potential for attenuating postprandial lipemia in young people, 

although these benefits are likely to be observed the day after 

the exercise bout,33–35 thereby implicating a key role for the 

delayed increase in lipoprotein-lipase activity. Currently, the 

large differences in the HIIE dose, timing and composition of 

test meals, and lack of mechanistic insight mean that it is not 

possible to identify how HIIE may be optimized to modify 

postprandial lipemia. However, postprandial lipemia is not 

attenuated post-HIIE in adolescents, despite a ~20% increase 

in resting fat oxidation during the postprandial period,34,35 

demonstrating that these outcomes are unrelated when exer-

cise is performed the same day as the test meal, although 

this might not be the case the following day.31 An increase in 

postprandial 3-hydroxybutyrate after HIIE was associated with 

lower TAUC-TAG in one adolescent study,33 suggesting that 

intensity-dependent changes in hepatic very-low-density lipo-

protein output might play some as-yet-unexplored role in this 

group. Additionally, in one study,34 IAUC-TAG was lowered 

after HIIE (and AEE) in girls only, which suggests a sexual 

dimorphism in exercise response. However, no other data are 

available exploring the potential effect of sex on postprandial 

lipemia after exercise in youth. Similarly, no study has identi-

fied whether age, pubertal status, or adiposity influences the 

effect of exercise or exercise intensity.

Glucose and insulin
The data presented in Table 1 demonstrate favorable effects 

of a single bout of HIIE on glycemic control and insulin 
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Perspectives
The existing evidence indicates that an acute bout of HIIE 

offers improvements across a range of health outcomes 

in children and adolescents. Furthermore, the magnitude 

of these benefits is either similar to29,34,36,37,41 or superior 

than33–35,39,42 a bout of AEE. Accordingly, there is sufficient 

premise to explore this field further and provide the basic 

information on how to optimize the HIIE stimulus when 

using an acute-exercise model. For example, we do not yet 

know the dose–response relationship behind the acute HIIE 

stimulus and subsequent physiological changes, which would 

help to identify both an “optimal” and “minimal” HIIE dose 

and how this may differ based on the age, sex, and pubertal 

status of the participant. It would also be insightful to com-

pare different exercise modalities directly and to identify 

how manipulating the HIIE stimulus in these ways can pre-

serve or improve participant enjoyment in different groups. 

Additionally, comparing the accumulation of HIIE over the 

day to a single HIIE bout remains an unexplored area, but is 

conceptually important, as children accumulate their habitual 

physical activity in short bouts throughout the day.

High-intensity interval  exercise 
training and management of 
pediatric obesity
The prevalence of childhood obesity has increased in recent 

years in both developed and developing countries, and rep-

resents a major public health challenge.43 Obese children 

are characterized by elevated CVD risk,44 reduced cardio-

respiratory fitness (CRF),45 and an increased risk of future 

health-related morbidity and premature mortality.46 Although 

multicomponent lifestyle interventions are the cornerstone 

of managing pediatric obesity, increasing levels of physical 

activity through exercise represent a fundamental component 

of most interventions.47 Traditional exercise recommenda-

tions for managing pediatric obesity typically focus on the 

completion of continuous AEE (<60 minutes per day, two to 

four times/week).48 Recently, there has been an interest in the 

potential for time-efficient HIIE training to improve health 

outcomes in overweight and obese children and adolescents. 

An overview of the studies (n=10) that have examined the 

efficacy of HIIE training for improving health outcomes in 

overweight and obese children and adolescents in comparison 

with a control or exercise group is given in Table 2. In addi-

tion, changes in health outcomes (body size and composition, 

blood markers, BP, and CRF) following HIIE training are 

presented in Table 3.

 sensitivity following the consumption of an oral glucose-

tolerance test in children36 and adolescents,37 although the 

magnitude of change was greater in the former, suggesting an 

influence of age and/or biological maturation. In these stud-

ies, 23 minutes of HIIE was as effectual as a work-matched 

bout (~30 minutes) of AEE. Interestingly, this same HIIE 

stimulus may provide small improvements in glycemic con-

trol following a high-fat meal in adolescent boys and girls, 

but only when accumulated over the course of the day.34,35 No 

pediatric study has yet identified whether HIIE accumulated 

in several bouts is as effective for cardiometabolic health 

outcomes, and this remains an interesting avenue for future 

research, given that young people rarely perform exercise for 

longer than 10 minutes at a time.38

Vascular function
Recent pediatric studies have extended this area by including 

flow-mediated dilation (FMD) as a noninvasive measure of 

endothelial function, in order to observe how an acute bout 

of HIIE influences the vasculature directly. It has been dem-

onstrated that ~4 minutes of supramaximal interval cycling 

(170% VO
2peak

) acutely improved FMD in both normal-weight 

and obese prepubescent boys and lowered arterial stiffness 

in the obese group to the extent that there were no longer 

differences between cohorts.25 A limitation of this early work 

is that the time course of changes in endothelial function after 

the exercise bouts was not observed. However, a single bout 

of HIIE has since been demonstrated to impair endothelial 

function immediately, but significantly augment FMD 1 and 

2 hours later in adolescent boys and girls.39 Additionally, this 

study demonstrated that a comparative (work-matched) bout 

of AEE cycling did not influence FMD, thereby isolating an 

independent effect of exercise intensity. In a separate study, 

adolescent boys and girls consumed a high-fat meal 1 hour 

after this same HIIE and AEE stimulus.33 Again, endothelial 

function improved 1 hour after HIIE only and remained ele-

vated throughout the postprandial period, despite no changes 

in postprandial lipemia. These findings indicate that a single 

bout of HIIE is a superior stimulus for acute improvements 

in vascular function, even in the absence of any reductions in 

TAG. Interestingly, while AEE failed to increase FMD acutely 

in this study, it provided complete protection from the fall in 

postprandial FMD observed in the nonexercise control trial. 

Finally, in addition to the favorable acute effect of HIIE on 

endothelial function, other data are available indicating that 

HIIE can improve postprandial microvascular function33,39 

and lower blood pressure (BP),34,35,40 indicating a wide range 

of acute CV benefits.
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Study characteristics
Two studies were designed to examine HIIE training in over-

weight or obese children (age ~10–11 years), but Lau et al49 

did not report the pubertal status of the participants, and de 

Araujo et al50 included participants ranging from pre- to mid-

puberty. The remaining eight studies included an adolescent 

sample with ages 12.3–16.8 years. Six studies included both 

male and female participants in the groups,49–54 whereas two 

studies included only male55,56 or female57,58 participants. 

No HIIE training study has examined the interaction of age, 

pubertal status, and/or sex on health outcomes in overweight 

or obese children and adolescents.

Of the 10 studies, 5 examined HIIE training in compari-

son with an AEE training group consisting of >30 minutes 

of continuous submaximal aerobic exercise.50,52,53,55,56 Four 

studies included a control group and a comparative AEE 

training group consisting of either continuous or interval 

exercise.49,51,57,58 One study had a comparative control group 

receiving a multicomponent weight management program.54 

A variety of HIIE training protocols have been adopted, 

with a duration of 3–12 weeks50,56 and a frequency of two 

to ten sessions per week.50,56 The intensity of the work inter-

vals for the HIIE training protocol was typically selected 

based on a prior incremental test to exhaustion to deter-

mine maximal aerobic speed (MAS; 100%–120%),49,50,57,58 

HR
max

 (80%–100%),52,54 or VO
2peak

 (80%).55 Some studies 

prescribed the intensity of the AEE work interval based on 

an estimate of age-predicted HR
max

 (90%–95%)53 or HR 

reserve (60%–90%).51 The duration of the work intervals 

ranged from 15 seconds58 to 4 minutes,54 with recovery 

intervals ranging from 15 seconds58 to 3 minutes.50 The 

lowest work:recovery ratio was 0.1356 and the highest 2.51 

Excluding a warm-up and cool-down which may take 10–15 

minutes, the duration of the HIIE session ranged from 649 to 

60 minutes.51 Koubaa et al55 did not report the duration of the 

HIIE training sessions, as participants completed as many 

work intervals as possible until exhaustion. Seven studies 

employed a running modality on either a treadmill50,51 or 

running track,57,58 although three of these did not specify the 

location of the running.49,55,56 One study adopted a cycling-

based HIIE training protocol,53 which may be preferable in 

obese individuals, as it reduces the requirement to “carry” 

their excess weight and may limit musculoskeletal complica-

tions and pain in contrast to running. Murphy et al52 did not 

report the modality for delivering HIIE training. No HIIE 

training study has formally compared different modalities 

in overweight or obese children and adolescents.

Body size and composition
All but one HIIE training study52 reported body weight (BW) 

as an outcome. Six of nine studies reported a decrease in BW 

following HIIE training, but this was significant in only five 

studies, with a magnitude ranging from 2.3% to 4.5%.50,55–58 

Interestingly, four of these studies employed an HIIE train-

ing program lasting 12 weeks in duration,50,55,57,58 suggesting 

longer duration programs may be needed to promote reduc-

tions in BW. By contrast, Lazzer et al56 observed a significant 

4.5% reduction in BW following 3 weeks of HIIE training in 

ten obese adolescent males. The participants performed on 

average 28±2 HIIE training sessions over this time period, 

compared to a frequency of two to three sessions per week in 

the 12-week studies (~24–36 sessions), indicating the overall 

“dose” of HIIE training was similar between the studies. 

Three studies reported a rise in BW following HIIE train-

ing, with two nonsignificant and trivial (0.2%–0.3%)53,54 and 

one significant for HIIE protocols at 100% and 120% MAS 

(1.5% and 2.3%, respectively).49 The latter study by Lau et al49 

also observed a significant increase in BW in controls, with 

no reported differences between the conditions, suggesting 

this increase in BW over the intervention was a reflection of 

growth and maturation.

As overweight and obesity status in children and adoles-

cents is invariably classified using body mass index (BMI) 

centiles,59 it is not surprising that all HIIE training studies 

have reported this outcome. Seven of ten studies reported a 

reduction in BMI following HIIE training, of which six were 

significant, with a magnitude of 2.1%–14%.50,54–58 The greatest 

magnitudes of change (8.8% and 14%) in BMI were found 

by Racil et al,57,58 which may be a reflection of reporting BMI 

using a z-score. When BMI is reported in its original units 

(kg/m2), the magnitude of the reduction ranged from 2.1%54 to 

6.3%.50 Although Kargarfard et al51 reported a 4.3% reduction 

in BMI following 8 weeks of HIIE training in obese male and 

female adolescents, the lack of significance may be attributable 

to the low sample size (n=10), in contrast to studies showing 

a significant beneficial effect (n=10–28). Three studies49,52,53 

reported a nonsignificant increase (0.3%–1.1%) in BMI fol-

lowing HIIE training that was similar to other comparative-

exercise groups in the respective studies. Of note, however, is 

that in the study by Lau et al,49 the control group experienced 

a significant 1.6% increase in BMI, whereas 6 weeks of HIIE 

training at either 100% or 120% MAS did not significantly 

increase BMI. Therefore, HIIE training may have prevented 

an increase in BMI, meaning a stagnated BMI response fol-

lowing HIIE training may represent a health benefit.
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Nine of the HIIE training studies documented changes 

in body fat (BF). Eight of these studies demonstrated a 

reduction in BF, and this was significant in six studies, with 

a magnitude of 3.2%–12%.49,54–58 The large variability in 

magnitude of reduction in BF may be due to methodological 

issues, such as the measurement of BF. The largest changes 

following HIIE training were reported in studies using indi-

rect measures, such as skin-fold thickness (5.8%–12%)49,55 

or bioelectrical impedance (5.8%–9.7%).56–58 When dual-

energy X-ray absorptiometry is used,54 a lower magnitude of 

change (3.2%) is observed. This shows that changes in BF 

following HIIE training may be overstated when skin-fold 

or bioelectrical impedance methodology is used. However, 

a nonsignificant reduction50 or increase52 in BF has been 

reported using bioelectrical impedance following HIIE train-

ing, suggesting other factors may be influential. For example, 

Tjonna et al54 reported a decrease in total energy, fat, and 

carbohydrate intake (food diary) and an increase in physical 

activity (accelerometer) following 12 weeks of HIIE training 

in 28 overweight adolescents. However, they did not adjust for 

these confounding factors when analyzing body composition 

changes. Therefore, it is possible that the beneficial effects 

on BF following HIIE training may be mediated through 

changes in diet and/or physical activity.

Blood markers
Only five HIIE training studies included blood markers of 

CVD risk as health outcomes, and the types of markers 

reported varied considerably between studies. Four stud-

ies50,54,57,58 reported fasting insulin and glucose. All four 

studies reported a significant reduction in fasted insulin, 

with a magnitude of 26%–29%.50,54,57,58 These four studies 

were characterized by a 12-week HIIE training protocol with 

two to three sessions per week, but the work intervals varied 

markedly from 0.2558 to 4 minutes54 in duration. Despite all 

four studies showing a reduction in fasting glucose following 

HIIE training, this was only significant in two studies, which 

had the largest magnitude of change: 4.2%58 and 5.8%.54 

Using homeostasis model assessment, a reduction in insu-

lin resistance50,57,58 or an increase in insulin sensitivity54 has 

been observed after HIIE training. In addition, Tjonna et al54 

reported beneficial changes to glucose and insulin 2 hours 

after an oral glucose-tolerance test following HIIE training. 

Collectively, these findings indicate beneficial changes to 

fasting and postprandial insulin and glucose health outcomes 

following HIIE training in obese pediatric groups, but it is 

unclear if these findings are a chronic adaptation to HIIE or 

a reflection of the last bout of HIIE performed, as the studies 

did not specify the timing of the measurements following the 

final HIIE training session.

Blood lipid outcomes following HIIE training were 

reported in four studies,50,54,55,57 with the exception of 

LDL cholesterol (LDL-C), which was reported in three 

 studies.50,55,57 High-DL cholesterol (HDL-C) increased in all 

four studies (4%–9.7%), with three of these deemed statisti-

cally significant.54,55,57 For LDL-C, one study showed a sta-

tistically significant decrease of 12%,57 while others showed 

a nonsignificant decrease of 1.5%55 and a nonsignificant 

increase of 2%.50 Lastly, all four studies showed a reduction 

in fasting TAG following HIIE training (5.9%–11%), but 

only two of these were deemed statistically significant.55,57

Blood pressure
Despite BP’s relative ease in measurement and its associa-

tion with pediatric obesity,44 it is surprising that only five 

HIIE training studies50,51,54,55,58 have included it as a health 

outcome. All five studies reported a significant decrease in 

systolic BP (SBP), with a magnitude ranging from 2.2%55 to 

8.4%.51 Likewise, all five studies reported a decline in DBP 

with a magnitude of 3.4%–16%, but this was significant 

in four  studies.51,54,55,58 Interestingly, all HIIE training stud-

ies that reported BP as an outcome had a program length 

of 8–12 weeks and incorporated two to three sessions per 

week. However, the duration of the work intervals across 

these studies ranged from 0.2558 to 4 minutes,54 suggesting 

beneficial changes in BP can be achieved using a range of 

HIIE training protocols.

Cardiorespiratory fitness
CRF is independently related with CVD risk factors in 

children and adolescents, even after controlling for physical 

activity and BF.60 In addition, high CRF may protect against 

the development of elevated CVD risk in youth who are obese 

(“fat-fit” concept),61 and high CRF in late adolescence has 

been associated with a lower risk of premature mortality62 in 

adulthood. Therefore, CRF status in children or adolescents 

is a powerful marker of current and future health status.

All 10 studies included in this review reported CRF 

following HIIE training. Six and two studies, respectively, 

measured CRF objectively using gas analysis (eg, VO
2peak

) 

during a laboratory-based cardiopulmonary exercise test 

(CPET)50–52,54–56 or in a field setting.57,58 One study estimated 

CRF using submaximal HR,53 and one study estimated CRF 

based on performance during the yo-yo intermittent endur-

ance test.49 All 10 studies reported an increase in CRF fol-

lowing HIIE training, and this reached significance in eight 
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studies, with a magnitude of 2.2%–23%.49–51,53,54,56–58 Kargar-

fard et al51 found the greatest change in CRF (23%) using an 

8-week HIIE training protocol with repeated 4-minute work 

intervals until exhaustion, which may be explained in part by 

a very low baseline CRF (~20 mL·kg–1·min–1). Racil et al58 

reported a much lower but significant 2.2% increase in CRF 

following 12 weeks of HIIE training. This lower magnitude 

of change likely reflects the expression of VO
2peak

 in absolute 

terms (L·min–1), as mean data in the manuscript revealed that 

VO
2peak

 normalized for BM increased by ~6.5%. The two 

studies that did not reach significance both measured CRF 

via a CPET and had a magnitude of change of 10%–12%.52,55 

Although not significant, it could be argued the magnitude 

of change in these studies is important, as exercise training 

programs in health children typically report a 5%–10% 

improvement.63 Furthermore, although not significant when 

normalized for BM, there was a significant 10% increase in 

CRF when normalized for fat-free mass.52

Perspectives
Only a small number of studies have examined the effect 

of HIIE training on health outcomes in obese children and 

adolescents, and a large proportion of these should be consid-

ered pilot data, rather than well-controlled randomized trials. 

Despite the paucity of available studies, the evidence to date 

indicates that beneficial changes in body size and composi-

tion, blood metabolic markers, BP, and CRF are achievable 

following HIIE training. In particular, positive improvements 

in CRF, fasted insulin, and BP were observed in the majority 

of studies, which in some cases occurred in the absence of 

changes in body size and composition. This lack of benefi-

cial change in body size and composition in some studies 

may be due to the short duration of the HIIE training studies 

conducted to date (<12 weeks). Tjonna et al54 did include 

12-month follow-up data, showing beneficial changes in body 

composition (and other CVD health outcomes) persisted over 

time; however, participants were not formally involved in the 

HIIE training program over this 12-month follow-up period. 

Future research should consider examining the impact of 

longer HIIE training programs on health outcomes in obese 

children and adolescents. Furthermore, the measurement of 

and statistical adjustment for confounding variables, such 

as diet and physical activity, is essential for future work to 

isolate the effect of HIIE training.

Unfortunately, the current review cannot provide specific 

recommendations regarding potential moderators of HIIE 

training on health outcomes in obese children and adoles-

cents. Therefore, it is unclear how such factors as age, sex, 

and biological maturation may interact with health-related 

adaptations to HIIE training. The current review is also 

unable to recommend an optimal prescription of HIIE train-

ing, largely because of the varied nature of protocols used 

in the literature. Only one study has formally included two 

types of HIIE training protocols (100% vs 120% MAS) on 

overweight adolescents after 6 weeks of training.49 Using 

a within-condition analysis, the authors found beneficial 

effects for BF and CRF only following HIIE training at 120% 

MAS, but this was only significant between conditions for 

BF. Future studies should formally compare different HIIE 

training protocols in order to optimize the dose–response 

relationship for different health outcomes. A recent meta-

analysis16 suggested that the length of the HIIE training 

program may be important for determining changes in CRF 

in overweight or obese youth, although it should be noted 

that the largest (>20%) changes in CRF were found in stud-

ies with lengths of 649 and 851 weeks. Finally, no attempt was 

made in the current review to contrast the beneficial effects 

of performing HIIE training compared to the comparison-

exercise and/or control group. A meta-analysis comparing 

HIIE training to comparative exercise groups identified a 

beneficial effect for HIIE training on CRF (medium effect 

size) and SBP (small effect size), but not for body composi-

tion or cardiometabolic outcomes.16 Therefore, although the 

present review indicates HIIE training may have a beneficial 

effect on a myriad of CVD risk factors in obese children and 

adolescents, for most health outcomes the benefits appear 

similar to performing traditional AEE training that is either 

continuous or interval in nature.

High-intensity interval exercise 
training in the school setting
School-based interventions are often regarded as the most 

universally applicable and effective way to impact the health 

of young people.64 Nonetheless, schools are busy, often 

unpredictable places that can create unique challenges and 

considerations for researchers. Accordingly, this section pro-

vides perspectives on some methodological issues pertinent to 

conducting HIIE training interventions outside the laboratory 

and gives a concise overview of the effects of school-based 

HIIE training on cardiometabolic health and fitness.

Table 4 summarizes the characteristics of 15 studies 

wherein HIIE training intervention took place within schools, 

HIIE training intensity was quantified, and either CRF or 

traditional CVD risk factors (eg, body composition, BP, 

HDL-C, TAG and glucose) assessed.65 Thirteen were con-

ducted in  European schools66–78 and two in Australasia.79,80 
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Five,66,68,69,75,77 nine,67,70,72–74,76,78–80 and one71 took place in pri-

mary, secondary, and special education schools, respectively.

Study design
All but one study72 included a control and/or active com-

parator group. Largely, control groups continued normal 

physical education (PE) lessons. In studies containing an 

active comparator, either continuous AEE68,71,74 or a specific 

HIIE training dose was prescribed.79,80 One and two trials, 

respectively, did not provide information on group assign-

ment procedures67 or how randomization occurred.76,77 Two 

utilized a nonrandomized design,66,78 whereby group alloca-

tion occurred at the school78 or class level.66 Four70,75,79,80 

and two68,69 trials, respectively, randomized participants 

individually or by school class (cluster randomization). 

Boer et al71 and Buchan et al73,74 adopted quasiexperimental 

designs. Only a quarter of included studies thus utilized the 

public health and medicine gold standard of an individually 

randomized controlled trial.81 Whether this gold standard is 

universally suitable for school-based interventions, though, 

is debatable. Indeed, some previous school-based exercise 

interventions have opted against individual randomization to 

mitigate potential contamination effects.82 This is an impor-

tant consideration for school-based HIIE training interven-

tions if, for example, individuals in the same PE class are 

assigned to different conditions but then exposed to what 

another treatment entails (eg, watching HIIE training take 

place). Such a scenario could lead to contamination issues, 

such as compensatory rivalry (eg, performing activities in 

addition to and/or at a greater intensity than prescribed) or 

resentful demoralization (eg, disengagement from the study 

process),83 which may impact on study compliance and/or 

outcomes influenced by participants’ effort (eg, CRF testing). 

From a practical perspective, cluster randomization may 

be necessitated by such factors as pupil numbers, abilities, 

behavior, and schoolteachers’ preferences, despite diminish-

ing returns in statistical power and precision.84 Therefore, 

no “one-size-fits-all” design exists for school-based HIIE 

training interventions.

Participants
All but two studies70,80 recruited a mixture of males and 

females. Nevertheless, on average only 37% of participants 

were girls, highlighting an underrepresentation of females in 

the pediatric HIIE training literature. Surprisingly few studies 

acknowledged this imbalance as a potential limitation of their 

findings, with only two78,79 offering possible explanations as to 

why more girls did not participate. It appeared factors at the St
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school level may have hindered recruitment, as participants 

were recruited from a school containing more boys than girls79 

or researchers were only able to recruit from one all-male PE 

class at one intervention school.78

The median number of participants per study was 55 

(intervention and control combined, interquartile range 

26–89). Three studies provided power calculations to jus-

tify their sample size.75,76,79 Only four, however, provided 

recruitment rate data (eg, number of pupils targeted vs 

number providing consent).73,78–80 In effectiveness trials, such 

information is crucial for establishing the reach of an inter-

vention (ie, the number of individuals willing to engage),85 

especially considering ongoing skepticism over the uptake 

of HIIE training outside laboratory conditions.86 Of those 

that did provide recruitment information, response rates 

were 19%,80 55%,78 86%,79 and 97%,73 although the “type” 

of pupil targeted differed. In the trial by Logan et al,80 pupils 

were eligible to participate only if they were disengaged from 

physical activity, PE lessons, or any form of extracurricular 

sport. This contrasts with those in Buchan et al,73 which only 

included pupils choosing to study PE to examination level. 

While recruitment was not limited by participant attributes 

in other trials,78,79 there were potential sex imbalances, as 

described previously. With only four examples available 

to date, far more evidence is required before claims on the 

potential reach of school-based HIIE training can be con-

firmed. As such, in future trials, researchers should provide 

data on recruitment-response rates.

HIIE training intervention protocols
The average length of a school-based HIIE training inter-

vention was 7 weeks (range: 2–15 weeks). Despite a lack of 

specific information, it could be assumed that trials conducted 

over 7 weeks spanned one school term/semester. Trials lasting 

longer than one school term (eg, >7 weeks)67,71,78 may inevita-

bly include school holidays too, which could impact on study 

outcomes. Given the lack of flexibility in school term dates, 

the inclusion of holiday periods may be an unavoidable conse-

quence of longer school-based HIIE training trials. Regarding 

exercise frequency, all but one trial67 provided two to three 

intervention sessions a week. In six trials,66–69,75,77 HIIE train-

ing or AEE sessions were conducted in addition to regular 

PE. Interestingly, all but of one of these67 were conducted in 

primary schools. Though speculative, it could be argued that 

the addition of extra activities to the school timetable may 

be more feasible at primary level than at secondary level, 

where competing interests and expectations from other sub-

jects negate flexibility. Six secondary school-based studies 

embedded their interventions by substituting PE with HIIE 

training or AEE sessions,71,73,74,76,78,79 with two78,79 providing 

an additional session during school lunch breaks79 and/or 

after school.78 In one trial, all intervention sessions took place 

during the school lunch break,80 and in another, sessions were 

conducted in morning form time.70 From a sustainability 

perspective, it is encouraging that researchers are looking 

beyond purely PE lessons for intervention delivery, as it is 

not the purpose of HIIE training to replace PE or its wider 

learning objectives in the long term. Nevertheless, the time-

efficient nature of HIIE training does lend itself to existing 

alongside PE. Indeed, it is plausible that HIIE activities that 

complement the main PE lesson could be done at the start of 

a class, for example, thus not taking over the entire lesson.

Across the majority of school-based HIIE training inter-

ventions, detailed information on exercise modes and session 

content was provided. This is commendable, as traditionally 

the quality of intervention reporting, particularly exercise tri-

als, is poor.87,88 In school-based HIIE training interventions, 

however, authors often provided diagrams67,74 and tables 

containing intervention activities66,75,78 to aid quantification. 

Individual HIIE repetitions ranged from 10 to 60 seconds in 

length with work:rest ratios ≤1, with two exceptions.75,80 The 

number of repetitions performed per HIIE training session 

ranged from 4 to 40 across studies, with repetitions of the 

shortest duration (eg, 10 seconds) often performed the largest 

number of times. Five66–69,77 and three studies,73,74,76 respec-

tively, utilized a running protocol by Baquet et al67 or Buchan 

et al.74 Two studies utilized cycle ergometry models.71,72 The 

remainder70,75,78–80 shunned traditional exercise modes in favor 

of more contemporary activities. In the work of Lambrick 

et al,75 HIIE training constituted such games as dodgeball, with 

Boddy et al70 devising a dance-based HIIE training program. 

Following focus group consultations with adolescent school 

pupils, Weston et al78 devised a school-based HIIE training 

program consisting of boxing, dance, basketball, and soccer 

drills, with the activity rotated on a weekly basis. In the trial by 

Logan et al,80 HIIE training was conducted on preexisting PE 

equipment (rowing machines, treadmills, and cross-trainers), 

thus negating the need for specialized equipment. Similarly, 

in Costigan et al,79 HIIE training was performed with minimal 

or no equipment (shuttle runs, skipping, and BW exercises).

Encouragingly, the majority of studies attempted to 

monitor the intensity of their HIIE training, thus providing 

an objective measure of the extent to which participants 

complied with the prescribed exercise dose.89 Four and one 

studies, respectively, prescribed the intensity of HIIE  training 

as a percentage of MAS67–69,77 or ventilatory threshold,71 but 
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did not confirm whether these were complied with. Two 

studies collected ratings of perceived exertion.72,80 Nine 

 studies66,70,73–76,78–80 presented HIIE intervention HR data in 

either absolute or relative (%HR
max

) units. With the excep-

tion of one study, however,78 only mean and between-subject 

SD data were reported. As repeated HIIE training sessions 

performed across an intervention will give rise to between-

subject and within-subject variability in exercise-intensity 

response, researchers are guided toward using statistical 

methods that enable the variability to be properly separated.89

To quantify school-based HIIE training intervention dose 

further, several authors also provided information on session 

attendance and intervention dropout rates. In five trials, fail-

ure to attend a specific percentage of sessions and/or missing 

outcome data led to exclusion from data analysis.68,69,76,77,80 

Of the seven studies providing these data,70–73,78–80 the aver-

age retention ± SD was 91.9%±5.8%. Though this figure 

is encouraging, it represents under half of the 15 included 

studies. To allow a fuller picture on retention, therefore, all 

future school-based HIIE training studies should provide 

explicit retention data. Regarding session attendance, studies 

provided information in the following formats: percentage of 

total sessions attended,78 mean intervention time completed,70 

mean number of sessions attended,73,74 minimum and maxi-

mum number of sessions attended,71 and average number of 

sessions attended per week.79 Reasons for missing sessions 

included illness, educational commitments, holidays, forget-

fulness, and lack of appropriate clothing. Across all school 

HIIE training interventions, no training-related injuries or 

adverse events were reported. In three trials, one to three 

participants78,80,72 did not complete their designated HIIE 

training due to illness or unrelated injuries. Regarding incen-

tives, one study offered a £5 gift voucher to all participants70 

and another awarded “trainer of the day” certificates and gift 

vouchers to intervention participants during and on comple-

tion of the intervention.79 In the work of Weston et al,78 all 

participants received a thank you pack and HIIE training 

intervention participants completing ≥70% and ≥90% of 

sessions, respectively, received a T-shirt and entered a prize 

draw to win a pair of running shoes.

Effects of school-based HIIE training on 
cardiometabolic health and fitness
Changes in CRF following school-based HIIE training 

were examined in all 15 studies. Seven and eight stud-

ies, respectively, measured CRF directly through gas 

analysis (eg, VO
2peak

) and a laboratory-based CPET68,70–

72,75,77,80 or indirectly via 20-meter multistage fitness-test 

performance.66,67,69,73,74,76,78,79 Eleven reported clear improve-

ments post-HIIE training (defined herein as effects that were 

statistically significant and/or a small standardized mean 

difference [effect size ≥0.2]).66–69,71,73–75,77,79,80 Regarding 

body-size measures, no studies detected clear improvements 

in BW following school-based HIIE training. Of the nine tri-

als including BMI-outcome data,67,68,70,73–76,78–80 two reported 

clear improvements.74,79 Closer inspection of the data in one 

study,74 however, revealed the significant effect was likely due 

to participants growing in stature, rather than a reduction in 

BW. Ten studies examined the effect of school-based HIIE 

training on percentage BF,66,67,69–71,74–78 of which three71,74,80 

reported clear reductions. In one, however, twice-weekly 

HIIE training was supplemented with a weekly resistance-

training session,80 which could also feasibly alter body com-

position. As determining the isolated effect of HIIE training 

on percentage BF was not possible, caution is warranted in 

the interpretation of this finding. With regard to waist cir-

cumference, four of six studies71,75,78,79 reported clear reduc-

tions post-HIIE training, though in one trial75 this applied 

only to obese participants. Of the seven studies reporting 

changes in BP,70–74,78,80 four and one, respectively, reported 

clear reductions in SBP71,73,74,80 and DBP.80 An unexpected 

clear increase in DBP was also observed in HIIE training 

intervention participants in one study.70 Five studies71–74,78 

examined changes in HDL-C and TAG following school-

based HIIE training. One observed clear improvements in 

HDL-C and TAG,71 with one further study also reporting clear 

reductions in TAG compared to control participants.78 Lastly, 

seven studies measured changes in blood glucose following 

school-based HIIE training,71–74,76,78,80 and apart from one 

unexplained clear increase post-HIIE training intervention,74 

no clear differences were observed.

Perspectives
Though still in its relative infancy from a research standpoint, 

the use of school-based HIIE training as a health promotion 

tool has considerable scope and is already being explored 

across different continents, climates, and school systems. 

Given that 11 of the 15 studies included were conducted in 

the last decade, interest in school-based HIIE training is likely 

to increase further. Despite some methodological challenges, 

it appears school-based HIIE training can positively impact 

outcomes, such as CRF, some body composition measures, 

and SBP. More work is needed to establish whether school-

based HIIE training can improve traditional cardiometabolic 

risk markers, such as blood lipid and glucose profiles, and 

more novel risk factors, such as blood vessel function.
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J Obes (Lond). 2014;38(1):16–21.
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M. Relations of total physical activity and intensity to fitness and fat-
ness in children: the European Youth Heart Study. Am J Clin Nutr. 
2006;84(2):299–303.

11. Ortega FB, Ruiz JR, Sjöström M. Physical activity, overweight and 
central adiposity in Swedish children and adolescents: the European 
Youth Heart Study. Int J Behav Nutr Phys Act. 2007;4:61.

12. Hopkins ND, Stratton G, Tinken TM, et al. Relationships between 
measures of fitness, physical activity, body composition and vascular 
function in children. Atherosclerosis. 2009;204(1):244–249.

13. Aggoun Y, Farpour-Lambert NJ, Marchand LM, Golay E, Maggio 
AB, Beghetti M. Impaired endothelial and smooth muscle functions 
and arterial stiffness appear before puberty in obese children and are 
associated with elevated ambulatory blood pressure. Eur Heart J. 
2008;29(6):792–799.

14. Juonala M, Viikari JS, Laitinen T, et al. Interrelations between brachial 
endothelial function and carotid intima-media thickness in young 
adults: the Cardiovascular Risk in Young Finns study. Circulation. 
2004;110(18):2918–2923.

15. Costigan SA, Eather N, Plotnikoff RC, Taaffe DR, Lubans DR. 
High-intensity interval training for improving health-related fitness in 
adolescents: a systematic review and meta-analysis. Br J Sports Med. 
2015;49(19):1253–1261.

16. Garcia-Hermoso A, Cerrillo-Urbina AJ, Herrera-Valenzuela T, Cristi-
Montero C, Saavedra JM, Martinez-Vizcaino V. Is high-intensity interval 
training more effective on improving cardiometabolic risk and aerobic 
capacity than other forms of exercise in overweight and obese youth? 
A meta-analysis. Obes Rev. 2016;17(6):531–540.

17. Logan GR, Harris N, Duncan S, Schofield G. A review of adolescent 
high-intensity interval training. Sports Med. 2014;44(8):1071–1085.

18. Eddolls WT, McNarry MA, Stratton G, Winn CO, Mackintosh KA. 
High-intensity interval training interventions in children and adoles-
cents: a systematic review. Sports Med. Epub 2017 Jun 22.

19. Kanaley JA, Boileau RA. The onset of the anaerobic threshold at three 
stages of physical maturity. J Sports Med Phys Fitness. 1988;28(4): 
367–374.

20. Dawson EA, Green DJ, Cable NT, Thijssen DH. Effects of acute exercise 
on flow-mediated dilatation in healthy humans. J Appl Physiol (1985). 
2013;115(11):1589–1598.

21. Freese EC, Gist NH, Acitelli RM, et al. Acute and chronic effects of 
sprint interval exercise on postprandial lipemia in women at-risk for 
the metabolic syndrome. J Appl Physiol (1985). 2015;118(7):872–879.

Regarding the design and evaluation of school-based HIIE 

training programs, researchers may consider gaining the insight 

of those directly involved in their studies (ie, school pupils and 

teachers). While process evaluations of school-based HIIE 

training interventions exist,73,79 more in-depth explorations 

could be useful for researchers, pupils, and teachers. From 

a design and/or outcome perspective, researchers should be 

mindful that they could face a trade-off between what is sci-

entifically most important and what is feasible and acceptable 

at the school level. Nonetheless, school-based HIIE training 

interventions can be delivered and evaluated with methodologi-

cal rigor, provided adequate consideration is given to some 

of issues discussed in this review from the outset. Currently, 

the impact of school-based HIIE training has been assessed 

on a relatively small scale by individual research groups and 

institutions. In the future, therefore, such groups should aim to 

create cross-university and country collaborations to facilitate 

the design, implementation, and evaluation of larger school-

based HIIE training trials across multiple study sites.

Conclusion
The literature synthesized in this narrative review demon-

strates that HIIE exercise confers either similar or superior 

benefits than a comparable bout of AEE across a wide range 

of cardiometabolic outcomes in children and adolescents. 

This was evident when considering an acute bout of HIIE, in 

the application of HIIE training to promote cardiometabolic 

health in overweight and obese children and adolescents, and 

in the school setting. It is also important to highlight that a 

single bout of HIIE is perceived to be more enjoyable33–36,39 

than a bout of AEE, due to elevated feelings of reward, excite-

ment, and success,90 which may serve as a useful strategy for 

the promotion of HIIE to improve health outcomes. Accord-

ingly, there is a strong rationale for future work to explore 

how HIIE may be optimized for cardiometabolic benefit and 

enjoyment across a range of pediatric groups. From a wider 

health perspective, the impact of school-based HIIE training 

on overall physical activity levels, CRF, quality of life, and 

mental health outcomes should also be explored in more 

depth, but some early data on both topics are promising.78,91
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