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Summary
Background: The scientific interest in high-intensity interval training (HIIT) has
greatly increased during recent years.
Objective: The objective of this meta-analysis was to determine the effectiveness
of HIIT interventions on cardio-metabolic risk factors and aerobic capacity in
overweight and obese youth, in comparison with other forms of exercise.
Data sources: A computerized search was made using seven databases.
Study eligibility criteria: The analysis was restricted to studies that examined the
effect of HIIT interventions on cardio-metabolic and/or aerobic capacity in
pediatric obesity (6–17 years old).
Participants and interventions: Nine studies using HIIT interventions were
selected (n = 274).
Study appraisal and synthesis methods: Standarized mean difference (SMD)
and 95% confidence intervals were calculated. The DerSimonian–Laird approach
was used.
Results: HIIT interventions (4–12week duration) produced larger decreases in
systolic blood pressure (SMD=0.39; �3.63mmHg) and greater increases in
maximum oxygen uptake (SMD=0.59; 1.92ml/kg/min) than other forms of exercise.
Also, type of comparison exercise group and duration of study were moderators.
Conclusions: HIIT could be considered a more effective and time-efficient
intervention for improving blood pressure and aerobic capacity levels in obese
youth in comparison to other types of exercise. © 2016 World Obesity
Keywords: Cardiorespiratory fitness, childhood obesity, intermittent training,
intensity training.
Abbreviations; BMI; body mass index, HIIT; High-intensity interval training,
HOMA-index; homeostatic model assessment, PRISMA; Preferred Reporting Items
for Systematic Reviews and Meta-Analyses, RCT; randomized controlled trials,
SMD; standardized mean difference, VO2max; maximal oxygen consumption,
WMD; weighted mean difference,
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Introduction

Physical activity has multiple health benefits across several
populations (1), and is a critical component in managing
pediatric obesity. Indeed, the WHO guidelines recommend
that children and young people (5–17 years) engage in
60min or more of daily physical activity, mainly aerobic,
and mainly moderate or vigorous in intensity. Furthermore,
it is also recommended that children participate in activities
that strengthen the musculoskeletal system at least three
times a week (1). However, one of the main barriers to
achieving regular physical activity in overweight youth
today is lack of time (2). Therefore, the effectiveness of alter-
native forms of physical activity needs to be considered, es-
pecially in terms of this youth population. Studies have
recently addressed this lack of time through high-intensity
exercise programmes, which reduce the time required to
exercise in comparison to low intensity programmes (3).

Although continuous moderate-intensity aerobic exercise
have traditionally been shown to generate improvements in
some cardiometabolic risk factors (fasting insulin, glucose,
systolic and diastolic blood pressure, and lipid profile)
(4–6) and aerobic capacity (VO2max) (7) in obese youth,
high-intensity interval training (HIIT) has increased greatly
in popularity over the last years. These latter programmes
consist of high-intensity exercise bouts interspersed by inter-
val rest periods between each set (3). Several studies in adults
have reported advantages of HIIT over continuous aerobic
exercise at improving aerobic capacity and health in both
healthy (8) and obese people (9). Regarding young people,
a recent review reported that HIIT delivers similar or greater
benefits to the cardiometabolic profile than does steady-state
exercise, even after a much shorter total exercise duration
(10). Some of the literature extends to obese populations,
but results are inconsistent, showing more (11) or similar
(12) benefits in comparison to continuous aerobic exercise.
Prescribing HIIT consists of manipulating some of at least
nine variables (e.g. work interval intensity and duration,
relief interval intensity and duration, exercise modality,
number of repetitions, number of series, between-series re-
covery duration, and intensity) (13). For this reason, the
HIIT interventions for overweight and obese children are
heterogeneous and, to date, the most suitable combination
for maximizing health improvements is not known. Al-
though there are a number of studies that aim to evaluate
the effectiveness of HIIT on improving cardiometabolic risk
in children and adolescent, because of the heterogeneity of
their methodologies, the evidence that each of these studies
provide did not seems sufficient to make recommendations;
therefore, it appears necessary to take a first approach using
the meta-analysis methodology in order to summarize the re-
sults found so far, because practitioners urgently demand
this information to advice obese children and their families.
This is especially relevant because of the increased interest
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in this kind of exercise in recent years, and the alarming chil-
dren’s obesity prevalence figures (14). This data of this meta-
analysis could help researchers to identify the limitations in
the studies to conduct new HIIT interventions in children
with several risk factors for health. Thus, the aim of this
meta-analysis of randomized trials was to determine the
effectiveness of HIIT interventions on cardiometabolic risk
and aerobic capacity in overweight and obese youth com-
pared with other forms of exercise.
Methods

The study was undertaken in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement (15).
Literature search

Articles published before November 10, 2015, were re-
trieved by using searches of the CINAHL (1937–November
10, 2015), Cochrane Central Register of Controlled Trials
(CENTRAL) (2002– November 10, 2015), EMBASE
(1980– November 10, 2015), ERIC (1966– November 10,
2015), MEDLINE (1965– November 10, 2015), PsycINFO
(1987– November 10, 2015) and Science Citation Index
(1990– November 10, 2015) online databases. The search
strategy included the topic’s specialist journals. The search
was conducted between the 4th and the 10th of November
2015. The terms used were: [‘Obesity’ and ‘Overweight’
OR], [‘High-intensity interval training’ and ‘High-intensity
interval exercise’ and ‘High-intensity intermittent exercise’].
All Medical Subject Headings terms were combined with
body composition*, cardiometabolic*, aerobic capacity*
and the following limiters: age (all children and adolescents
6–17 years old) and publication type (randomized controlled
trials [RCT]). Also, the reference lists were examined to de-
tect studies potentially eligible for inclusion. All languages
were accepted.
Study selection and inclusion criteria

Two authors (AG-H and AJC-U) independently screened
the titles and abstracts of potentially eligible studies identi-
fied by the search strategy. Discrepancies between the two
reviewers about study conditions were resolved by consen-
sus with a third author (JMS). The inclusion criteria were
as follows: (a) children and/or adolescents (6–17 years old)
classified as overweight or obese; (b) RCT studies; (c)
interventions of HIIT, prescribed high intensity exercise
(e.g. 64–90% VO2max or 77–95% heart rate max) (16);
(d) ≥4weeks in duration, with or without nutrition or
lifestyle intervention; a comparison exercise group; and
(e) evaluations of body composition (in at least one of the
following areas): body weight, body mass index (BMI),
© 2016 World Obesity
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fat mass (% or kg), waist circumference; (e.i) cardiometa-
bolic risk variables (at least one of the following): total
cholesterol, high-density lipoprotein, low-density lipopro-
tein, triglycerides, fasting glucose, insulin, homeostatic
model assessment (HOMA-index), systolic blood pressure
and/or diastolic blood pressure; and/or (e.ii) aerobic capac-
ity assessed as VO2max. No exclusion criteria in terms of
work interval intensity and duration, relief interval inten-
sity and duration, exercise modality, number of repetitions,
number of series, between-series recovery duration or in-
tensity were taken into account.
Data collection

Data was extracted regarding the characteristics of partici-
pants, exercise programmes, assessments and results. A
request asking for missing data (body composition, cardio-
metabolic risk variables and/or aerobic capacity) was sent
to each of the corresponding authors. Only one of the three
authors we contacted provided us with the missing data (17).
Risk of bias

Two authors (AG-H and AJC-U) independently assessed the
risk of bias for each of the included studies in accordance
with The Cochrane Collaboration recommendations (18).
The risk of bias assessment in RCT was performed using
the Review Manager programme (Update Software,
Oxford) (18,19). This technique sets seven criteria as indicators
of the quality of trials according to the responses ‘low risk’,
‘high risk’ or ‘unclear’.
Meta-analysis calculation

For the data analysis, we used Review Manager (Update
Software, Oxford) to calculate the standardized mean
difference (SMD) and the weighted mean difference
(WMD). The SMD andWMDof the body composition, car-
diometabolic variables and aerobic capacity from pre- to
post-intervention between groups (HIIT vs. other forms of
exercise) (20) in each study was calculated and pooled using
the random-effects model (DerSimonian–Laird approach).
The underlying assumption of the random-effects model is
that samples are drawn from populations with different
effect sizes, and that true effects differ between studies
(interventions, duration, etc.).
Assessment of heterogeneity

The percentage of total variations across the studies because
of heterogeneity (Cochran’s Q-statistic) (21) was deter-
mined using I2. I2 values of <25%, 25–50% and >50%
are considered to represent small, medium and large
amounts of inconsistency (22).
© 2016 World Obesity
Publication bias and sensitivity

Each study was deleted from the model once in order to
analyse the influence of each study on the overall results.
The funnel plot and the Egger test were used to examine
publication bias (23).
Subgroup moderator analyses

The following subgroupmoderator analyses were conducted
xaccording to type of comparison exercise group (i.e.
moderate-intensity continuous training) and duration of
study (i.e. ≥12weeks). Moderator effects were considered
significant at p< 0.10.
Meta-regression

Also, where significant results were found, meta-regression
analyses were performed to determine the relationship be-
tween bouts, recovery duration and baseline values with
changes observed in SBP and VO2max. Additionally for
these cases, the relationship between changes in VO2max

and SBP was analysed.
Results

Study selection

Titles and abstracts of 50 full-text retrieved articles were
searched for suitability. Of those, 41 did not fulfil inclusion
criteria: seven failed on participants’ profile criterion; 31, on
type of intervention criterion (multicomponent programmes
or exercise) and three did not include a comparative exercise
group. The total number of papers included in the analysis
was nine (Fig. 1).
Study characteristics and participants

The characteristics of the RCT are summarized in Table 1
(11,12,17,24–29). The final analysis included a total of
274 youth (192 boys, 70.0%). Subjects were
overweight/obese (11,26) or obese (12,17,24,25,27–29).
Several criteria were used to define overweight and obese:
Centers for Disease Control (≥95p) (17), First National
Health and Nutrition Examination Survey (≥95p) (12),
International Obesity Task Force (≥97p) (24,26,28), and
Chinese (≥95p) (29) or French (≥97p) (25) nation-specific
criteria for the child population. The remaining studies
did not provide information regarding the criteria that
they used to categorize participants as overweight or obese
(11,27).
17, 531–540, June 2016



Figure 1 Flow chart for identification of trials for inclusion in the meta-analysis.
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High-intensity interval training programme
characteristics

The programmes mainly used walking and running
(11,12,24,29), only running (25,26,28), or cycling (17).
The protocols used in the studies were heterogeneous: for
example, the number of bouts ranged from 2 (28) to 12
(26), and the frequency was from 2 (11,12,29) to 4 (25) ses-
sions per week. Regarding the duration of bouts, exercises
were carried out for between 15 seconds (26) to 4min (11)
with passive or active recovery between repetitions (15 s to
3min). Intensity exercise was performed at between 100%
(28) and 120% (26) maximum aerobic speed, between
80% (27) and 95% (11,17,29) maximal heart rate, between
80% and 90% VO2max (25) and at 100% maximum veloc-
ity sprint (12). The total time of the session, calculated by
multiplying the number of high-intensity intervals × interval
length × recovery length, were between 18 and 45min
(mean 29min). The duration of the interventions was
12weeks, except for three studies, which lasted 4 (27) or
6weeks (17,26). Finally, six studies used active recovery
(11,12,17,27–29), two passive recovery (25,26) and one un-
known (24) (Table 1). Adherence to the training
17, 531–540, June 2016
programmes was only reported in five studies
(11,12,17,24,27), and in all of them was greater than
80%, except one that reported adherence lower than 45%
(24).
Exercise group characteristics

The main content of the exercise groups programmes was
similar to that of HIIT, based on treadmill walking, cycling,
or running. The mode of exercise was continuous
(11,12,17,25,29) or interval training at moderate (27,28)
or low intensity (24,26). The duration of the exercise ses-
sions ranged from 30 to 60min (mean 45min), and the in-
tensity was from 60% to 80% of the youth’s maximal
aerobic capacity (maximum heart rate, VO2max or maxi-
mum aerobic speed).
Methodological quality of studies

The overall quality of the RCTs was low. Six RCTs had
quality indicators that were all of ‘low risk’ for or ‘unclear’
bias, and were considered to be of average quality
© 2016 World Obesity
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(12,17,24–26,28,29); the remaining two studies, with some
quality indicators that were ‘high risk,’ were considered to
be low quality (11,27). All RCTs reported a process of
randomization. Blinding was unknown in seven studies
(12,24–28). In one study, the results data was insufficient,
and selective outcomes were reported (27). In another study,
other potential threats to valid were found (11) (Fig. S1).
Body composition assessments

The methodologies of assessment were different. Weight mea-
sure was assessed using a medical scale and WC using the
standard protocol. Body composition was assessed using four
methods: bioelectrical impedance (12,27,28), dual-energy
x-ray absorptiometry (DEXA) (11), air displacement plethys-
mography (17) and skinfolds (24–26). Because of the different
methodologies, the results presented should be analysed with
caution. For example, as compared with DEXA, there ap-
pears not to be simple, non-invasive and accurate method
for measuring changes in children’s percentage body fat,
while air-displacement plethysmography has better perfor-
mance than skinfolds or bioelectrical impedance (30).
Cardiometabolic risk factor assessment
characteristics

Biochemical analysis: the evaluations were made in the
morning after 12 h (12,24,25,28,29) of overnight fasting.
The remaining study did not provide this information (11).
Blood pressure: various methods were used to determine
blood pressure. Most employed a sphygmomanometer
Figure 2 Forest plot of mean difference in blood pressure variables of studies
verse-variance, SE standard error.

17, 531–540, June 2016
(manual or electronic) and an appropriately sized cuff
(12,24,29), and another study used high-resolution vascular
ultrasound (flow mediated dilation) (11). The remaining
study did not provide this information (25).

Aerobic capacity assessment

VO2max was determined by a maximal (11,24,25,27,28) or
submaximal (17) effort test on treadmill (11,24,27),
cycloergometer (17) or field test (using a gas analysing por-
tal device) (25,28).
Meta-analysis

Differences between HIIT and other forms of exercise were
observed for systolic blood pressure (SMD=0.39, 95% CI
0.09 to 0.69; p = 0.01; I2 = 1%; WMD=�3.63mmHg)
(greater reduction with HIIT programmes) (Fig. 2). Also,
data showed VO2max with HIIT programmes had a higher
increase (SMD=0.59, 95% CI 0.17 to 1.01, p = 0.006;
I2 = 35%; WMD=1.92ml/kg/min) (Fig. 3) than other forms
of exercise (Table 2) (Fig. S2, S3, S4).
Subgroup moderator analyses

Type of comparison exercise group was a moderator for the
effect on VO2max, with larger effects observed for studies
that included a comparison, moderate-intensity continuous
training group (SMD=0.70, 95% CI, 0.29 to 1.11;
p< 0.001; I2 = 0%; WMD=2.62ml/kg/min-1) (Table S1)
in contrast to those that included a comparison, moderate-
intensity interval training group (p = 0.35) (data not shown).
included. CI confidence interval, HIIT high-intensity interval training, IV in-

© 2016 World Obesity



Figure 3 Forest plot of mean difference in aerobic capacity (VO2max) of studies included. CI, confidence interval; HIIT, high-intensity interval training; IV,
inverse-variance; SE, standard error.

Table 2 Effects of HIIT programmes compared to other exercise modalities on body composition, cardiometabolic risk factors and aerobic capacity

Study (n) Subjects (n) SMD (95% CI)* p I2 (%)

Body composition
Weight, kg 8 274 0.06 (�0.19, 0.30) 0.650 0
Body mass index, kg/m2 8 274 �0.02 (�0.26, 0.23) 0.881 0
Waist circumference, cm 6 154 0.07 (�0.29, 0.43) 0.701 24
Fat mass, % 6 138 0.16 (�0.16, 0.48) 0.323 0
Fat mass, kg 3 86 �0.03 (�0.43, 0.48) 0.875 0

Lipids and lipoprotein
Total cholesterol, mmol/L 4 141 0.09 (�0.24, 0.43) 0.585 0
HDL, mmol/L 4 168 0.26 (�0.48, 1.00) 0.491 81
LDL, mmol/L 4 141 �0.06 (�0.52, 0.39) 0.794 41
Triglycerides, mmol/L 5 168 0.19 (�0.11, 0.49) 0.221 2

Insulin resistance
Fasting glucose, mmol/L 4 139 0.43 (�0.15, 1.02) 0.154 68
Fasting insulin, μU/mL 5 158 0.23 (�0.07, 0.52) 0.131 0
HOMA-index 4 131 0.39 (�0.13, 0.91) 0.144 48

Blood pressure
Systolic blood pressure, mmHg 5 165 0.39 (0.09, 0.69) 0.010 1
Diastolic blood pressure, mmHg 5 165 0.31 (�0.06, 0.68) 0.103 30

Aerobic capacity
VO2max, mL/kg/min 6 137 0.59 (0.17, 1.01) 0.006 35

VO2max, maximal oxygen consumption; SMD, standarized mean difference. Bold indicates statistical significance (p< 0.05)
*Positive effect sizes indicate values that favour HIIT group.

High-intensity interval training in overweight youth A. Garcia-Hermoso et al. 537obesity reviews
Also, duration of the study moderated the effect of HIIT on
VO2max, with larger effects observed in studies ≥12weeks
(SMD= 0.70, 95% CI, 0.32 to 1.06; p< 0.001; I2 = 0%;
WMD=1.98ml/kg/min-1) (Table S1), as compared to those
<12weeks (p = 0.58) (data not shown).
Meta-regression

Duration of the bout (SBP: ß = 0.11, p = 0.399; VO2max:
ß = 0.72, p = 0.119), recovery time (SBP: ß = 0.28;
p = 0.083; VO2max: ß = 0.64, p = 0.336), and baseline level
(SBP: ß = 0.03, p = 0.133; VO2max: ß = 0.01, p = 0.910)
did not predict the observed improvements in SBP and
VO2max. Also, changes in VO2max did not predict the
observed improvements in SBP (ß = 0.09, p = 0.411).
© 2016 World Obesity
Publication bias and sensitivity analysis

Both funnel plot asymmetry and Egger test show no signifi-
cant publication bias for any of the outcome variables.
Regarding sensitivity analysis, results remained the same
across all deletions.
Discussion

The present study is the first meta-analysis to analyse the
effectiveness of HIIT interventions on improving cardiomet-
abolic risk and aerobic capacity in overweight and obese
youth compared with other forms of exercise. On this, the
meta-analysis showed that HIIT programmes generate
greater reductions in systolic blood pressure and increases
in VO2max in overweight and obese youth than other forms
17, 531–540, June 2016
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of exercise (moderate-intensity continuous training,
moderate-intensity interval training and low-intensity inter-
val training). Type of comparison exercise group and dura-
tion of study were moderators for the effect of HIIT on
VO2max. Therefore, the findings suggest that HIIT interven-
tions induced more favourable adaptations in the central
and peripheral cardiovascular system as compared with
other forms of exercise.

Previous research has shown that HIIT (compared with
non-exercise control group) is a highly effective exercise
method in improving indexes of health in both adults (31)
and youth (32,33). However, in overweight and obese
youth populations, evidence is not clear enough when com-
paring HIIT to other forms of exercise (8,12). According to
this meta-analysis, HIIT interventions produced greater
decreases in systolic blood pressure (SMD=0.39;
WMD=�3.67mmHg; p = 0.010) compared to other forms
of exercise. In adolescents, greater vascular benefits have
been reported when performing HIIT than with moderate-
intensity continuous training (34). Although the responsible
mechanisms have not been fully elucidated, high-intensity
physical activity could generate a higher reduction of sym-
pathetic nervous activity (35) and increased nitric oxide-
mediated vasodilatation (36) than might moderate-intensity
continuous training. Another hypothesis that could explain
these adaptations is the shear vascular stress induced by
higher intensity exercise (37).

Further, several studies with HIIT programmes have con-
sistently shown a greater increase in VO2max than have
studies on other exercise modalities in healthy adults (38),
in those with cardiometabolic diseases (39) and in adoles-
cents (40). Compared with a non-exercise control group, a
recent RCT in obese and healthy children reported that six
weeks of HIIT, using games-based exercises, demonstrated
an improvement of aerobic capacity (32). Overall, the pres-
ent meta-analysis shows that HIIT has a greater positive
influence on aerobic capacity than do other forms of exer-
cise (SMD=0.59; WMD=1.92ml/kg/min; p = 0.006). Our
results extend a previous meta-analysis that examined the
effect of aerobic exercise on fitness for obese children, which
reported statistically significant moderate effects for
VO2max (SMD=0.46) in comparison to a non-exercise con-
trol group (7). VO2max is an important marker of cardio-
metabolic health, and is associated with decreases in
morbidity and mortality risks in the general population
(41). In the same way, VO2max levels in youth predict car-
diovascular disease in later life (34).

Although it has been shown that aerobic exercise
improves VO2max in obese children (7), high-intensity exer-
cise seems to be associated with greater benefits (42). Several
authors have described VO2max as improving through HIIT
programmes because of an increase in oxygen availability
as seen from central effects (such as maximal cardiac output,
total hemoglobin and blood plasma volume) (43) and/or as a
17, 531–540, June 2016
consequence of peripheral adaptations with an improved
ability to extract and use available oxygen because of
increased muscle oxidative potential (44). However, adapta-
tions in muscles’ mitochondrial enzymes alone cannot
explain the changes in VO2max because enzymatic changes
are sometimes more pronounced than the related improve-
ment in this aerobic capacity parameter (44). Similarly, the
effect of HIIT programmes on skeletal muscle oxidative
potential has been shown to be more pronounced in compari-
son with aerobic programmes (moderate-intensity continuous
training) (45). Indeed, when compared to moderate-intensity
continuous training, HIIT elicits a large improvement in
aerobic capacity (SMD=0.74; WMD=2.62ml/kg/min;
p=0.003). Confirming the results of the current work, two
recent meta-analyses in adults showed that HIIT has a greater
positive influence on aerobic capacity than does moderate-
intensity continuous exercise (endurance training) (8,46). Also,
study duration emerged as a moderator for VO2max, indicat-
ing greater effects in HIIT interventions of ≥12weeks
(SMD= 0.70; WMD=1.98ml/kg/min; p=0.035) in compar-
ison to those that included <12weeks. However, given the
quality of studies in the current subgroup of meta-analysis,
coupled with the small sample size, further research is still war-
ranted to determine the optimal HIIT for enhancing aerobic
capacity.

The present meta-analysis has certain limitations that
should be noted: (i) Some of the included RCT had some
methodological pitfalls that did not affect the internal valid-
ity of the studies, thus they met inclusion criteria and did not
influence the consistency and relevance of the results of the
meta-analysis; (ii) the methods used to determine health
indicators were different, and their variation coefficients
would probably be high; (iii) Despite the short length of
the programmes, in most similar studies this length is con-
sidered sufficient to achieve the maximal trainability of
participants; (iv) little is known regarding the feasibility of
implementing HIIT outside of a laboratory setting – that
said, a recent RCT using HIIT games-based exercise demon-
strated an improvement in several health variables in
healthy and obese children (32).

In summary, this meta-analysis provides insight into the
higher effectiveness of short-term HIIT interventions on
improving aerobic capacity and blood pressure, especially as
compared to moderate-intensity continuous training, and espe-
cially with interventions that last more than 12weeks. In the
other health variables, these programmes seem to be a similarly
effective alternative (and more time-efficient strategy), with a
much lower volume of activity and potentially reduced time
commitment (29 vs 45min of duration in HIIT vs other forms
of exercise, respectively). Finally, a study has reported thatHIIT
is perceived as a more enjoyable exercise compared to other
exercise modalities (32), which would have implications for
participation in adherence to this type of activity, which could
favour greater autonomous motivation (47).
© 2016 World Obesity
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Fig. S1. Risk of bias graph: review authors' judgements about
each risk of bias item presented as percentages across all in-
cluded studies.

Fig. S2. Forest plot ofmean difference in body composition var-
iables of studies included. CI confidence interval, HIIT high-in-
tensity interval training, IV inverse-variance, SE standard error.

Fig. S3. Forest plot of mean difference in lipid and lipoprotein
of studies included. CI confidence interval, HIIT high-intensity
interval training, IV inverse-variance, SE standard error.

Fig. S4. Forest plot of mean difference in insulin resistance var-
iables of studies included. CI confidence interval, HIIT high-in-
tensity interval training, IV inverse-variance, SE standard error.
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