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LEAHY, A. A., M. F. MAVILIDI, J. J. SMITH, C. H. HILLMAN, N. EATHER, D. BARKER, and D. R. LUBANS. Review of HighIntensity Interval Training for Cognitive and Mental Health in Youth. Med. Sci. Sports Exerc., Vol. 52, No. 10, pp. 2224–2234, 2020. Purpose: High-intensity interval training (HIIT) has emerged as a time-efficient strategy to improve children’s and adolescents’ health-related
fitness in comparison to traditional training methods. However, little is known regarding the effects on cognitive function and mental health.
Therefore, the aim of this systematic review was to evaluate the effect of HIIT on cognitive function (basic information processing, executive
function) and mental health (well-being, ill-being) outcomes for children and adolescents. Methods: A systematic search was conducted, and
studies were eligible if they 1) included a HIIT protocol, 2) examined cognitive function or mental health outcomes, and 3) examined children
or adolescents (5–18 yr). Separate meta-analyses were conducted for acute and chronic studies, with potential moderators (i.e., study duration,
risk of bias, participant age, cognitive demand, and study population) also explored. Results: A total of 22 studies were included in the review.
In acute studies, small to moderate effects were found for executive function (standardized mean difference [SMD], 0.50, 95% confidence
interval [CI], 0.03–0.98; P = 0.038) and affect (SMD, 0.33; 95% CI, 0.05–0.62; P = 0.020), respectively. For chronic studies, small significant
effects were found for executive function (SMD, 0.31; 95% CI, 0.15–0.76, P < 0.001), well-being (SMD, 0.22; 95% CI, 0.02–0.41;
P = 0.029), and ill-being (SMD, −0.35; 95% CI, −0.68 to −0.03; P = 0.035). Conclusions: Our review provides preliminary review evidence
suggesting that participation in HIIT can improve cognitive function and mental health in children and adolescents. Because of the small
number of studies and large heterogeneity, more high-quality research is needed to confirm these findings. Key Words: EXERCISE,
COGNITION, WELL-BEING, ILL-BEING, HEALTH PROMOTION

T

influenced by the nature of the intervention delivered (i.e.,
acute and chronic physical activity). Acute interventions
involve a single bout of physical activity (between 5 and
60 min) and are typically associated with temporary improvements (i.e., increased affect, release of endorphins, enhanced
cerebral blood flow) (4). Conversely chronic interventions typically involve multiple physical activity sessions per week for
an extended period of time (e.g., two sessions per week for
10 wk), yielding physiological adaptations (e.g., enhanced
brain structure and function) (5). Despite these extensive benefits, 80% of adolescents worldwide are not meeting the international physical activity guideline recommendation of
60 min of daily moderate-to-vigorous physical activity (6).
Furthermore, review-level evidence suggests that physical
activity levels decline approximately 7% per year during adolescence (7).
The decline in physical activity may also contribute to
increased prevalence of mental health disorders (e.g., anxiety,
depression) that emerge during late adolescence (i.e., 15–19 yr)
(8). Worldwide, mental and substance use disorders are the
leading cause of disability among youth, accounting for at
least a quarter of years lived with disability (9). Participation
in physical activity is important for children’s and adolescents’

he benefits of physical activity for children’s and adolescents’ physical health are well established (1). There
is also strong evidence to suggest that regular physical
activity can improve a range of mental health outcomes (e.g.,
self-esteem, anxiety, and depression) (2). In addition to the
physical and mental health benefits of physical activity, accumulating evidence suggests that regular engagement in physical activity to improve cardiorespiratory fitness (CRF) may
enhance cognitive function in children and adolescents (3).
Of note, the associated benefits of physical activity are largely
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of the 2018 Physical Activity Guidelines Advisory Committee
highlighted, for the first time, the need to examine the effects
of novel forms of physical activity such as HIIT on health outcomes in youth (23). Despite this, no previous review has
focused on the benefits of HIIT for children’s and adolescents’
cognitive function and mental health.
Two previously published meta-analyses have explored the
effects of HIIT on cognitive (24) and mental health (25) outcomes in a range of populations. However, during childhood
and adolescence, the brain undergoes dramatic functional and
structural changes (26). It is therefore difficult to draw firm
conclusions regarding the specific effects of HIIT in children
and adolescents. Furthermore, these reviews focused solely
on the acute effects of HIIT; however, the chronic effects of
HIIT are relatively unknown. Therefore, the primary aim of
our review was to evaluate the acute and chronic effects of HIIT
on cognitive function (basic information processing, executive
function) and mental health (well-being, ill-being) in children
and adolescents. A secondary aim was to identify potential
moderators of effects (i.e., study duration, risk of bias, age
of participants, cognitive demand of HIIT, type of comparison
group, and study population).

METHODS
Search strategy. This review aligns with the Preferred
Reporting Items for Systematic Reviews and Meta Analyses
(PRISMA) guidelines and was registered with the International Prospective Registry of Systematic Reviews (registration number CRD42017067394). A structured electronic
search of all publication years (through August 1, 2019) using
Academic Search Ultimate, PubMed, EMBASE, CINAHL
Complete, MEDLINE, SPORTDISCUS with Full Text, Psychology and Behavioral Sciences Collection, and SCOPUS
was conducted (see Table, Supplemental Digital Content 1,
for search strings, http://links.lww.com/MSS/B967). These
strings were limited to peer-reviewed publications written in
English. Firstly, titles, and abstracts identified in the search
were screened for suitability. Secondly, full-text articles were
screened against study selection criteria. Finally, reference
lists from full-text articles were searched to identify any additional publications not found in the initial search.
Selection criteria. The criteria for study inclusion were
as follows: 1) population: children and adolescents (5–18 yr),
2) study design: randomized controlled trial or randomized
crossover trial (both chronic and acute studies), 3) type of
intervention: structured HIIT (i.e., >85% maximum heart rate)
protocol delivered in any setting (e.g., school, laboratory, or
community facility), and 4) primary outcomes: quantitative
assessment of cognitive function or mental health outcomes.
The exclusion criteria were as follows: 1) studies involving
adult participants, 2) cross-sectional or longitudinal studies
without the evaluation of a HIIT protocol, and 3) studies published in conference abstracts, dissertations, protocol papers,
literature reviews, gray literature, and theses. Studies that
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mental health, which includes both positive and negative constructs. In this review, we use the term well-being to describe
positive constructs (e.g., psychological well-being, self-esteem,
positive affect, life satisfaction, quality of life, and psychological
resilience) and ill-being to represent preclinical psychological
states and clinically diagnosed mental health disorders (e.g.,
depression and anxiety) (4,10). As previously mentioned, it
seems that physical activity and fitness are important for the
development of cognitive function, which may serve as a core
foundation upon which mental health is established (4). Of
note, poor cognitive performance during childhood is associated with current and future mental health problems (i.e., generalized anxiety disorder) (11,12).
Cognitive function refers to the set of mental processes that
contribute to perception, memory, intellect, and action (3).
Although cognitive function tasks are often dichotomized into
two broad categories (basic information processing and executive function) (13), it is important to note that cognitive tasks
exist on a continuum, from basic information processing at
one end, to tasks requiring high levels of executive function
at the other end. Basic information processing requires limited
resources and therefore represents a lower level of cognitive
function (e.g., simple motor speed/information processing
tasks) (14). By contrast, executive functions represent higherorder cognitive processes that contribute toward purposeful,
goal-directed behavior. Executive function consists of three
core dimensions that are critical for planning, problem solving, and learning (15). These include inhibition, working
memory, and cognitive flexibility. Evidence suggests that
executive functions are essential for success in school, vocation, and life (5). To date, the majority of physical activity
research has demonstrated selective and disproportionately
greater effects for executive function tasks as opposed to
those that are less executive in nature (14). Recent systematic
reviews in school-aged youth (16) and older adults (17) have
demonstrated that activity of vigorous intensity improves cognition to a greater extent than activity of moderate and light
intensity. One of the clear benefits of engaging in regular
physical activity is the development of physical fitness (i.e.,
CRF, muscular fitness, favorable body composition). There
is sufficient evidence to suggest that children and adolescents
should participate in vigorous physical activity, as it provides
greater health benefits in comparison to light and moderate
intensity physical activity (18,19). A useful approach for accumulating vigorous physical activity is high-intensity interval
training (HIIT). HIIT is a form of exercise that typically
involves alternating relatively short intervals (from <45 s to
2–4 min) of high-intensity activity (i.e., >85% max heart rate)
with periods of active recovery or rest, or reoccurring bouts of
maximal sprint efforts, interspersed by a prolonged rest period
(20). HIIT has emerged as a novel and time-efficient strategy
for improving children’s and adolescents’ health-related fitness in comparison to traditional training methods (20,21).
HIIT has gained significant international interest in recent
years and was the second highest fitness trend for 2020 (top
5 since 2014) (22). Furthermore, the recent Scientific Report
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included participants with atypical development (e.g., cerebral
palsy) were not excluded.
Data extraction. Data from included studies were extracted independently by two reviewers (A. A. L. and M. F. M.).
The following key study characteristics were extracted: study population (children or adolescents), sample size, age, study location
(country of origin), study setting, study duration, HIIT dose (i.e.,
frequency, intensity, time [i.e., duration], type [i.e., mode of
HIIT]), control condition, cognitive function, well-being, ill-being
outcome(s), study results, follow-up time points, and retention
rates. In the cases of disagreement, both reviewers undertook
discussion until a consensus was reached.
Risk of bias. Two reviewers (A. A. L. and M. F. M.) independently assessed the risk of bias of studies that met inclusion
criteria using the Cochrane Risk of Bias Tool (RoB 2.0) (27).
A third reviewer (D. R. L.) was consulted and consensus reached
in the event of disagreement. The studies were assessed based
on their “effect of assignment to an intervention.” Risk of bias
was obtained from journal articles with results of the trial and
trial protocols (if provided). Each study was assessed against
criteria from five domains: (i) randomization process, (ii) deviations from intended interventions, (iii) missing outcome
data, (iv) measurement of the outcomes, and (v) selection of
the reported results. Signaling questions within each domain had the following response options, “not applicable,”
“yes/probably yes,” “no/probably no,” and “no information,”
and were used to generate domain-specific judgments of either
“low risk,” “some concerns,” or “high risk” of bias. An overall
bias was calculated for each journal article by assessing each
of the five domains mentioned previously, and assigned either
“low risk,” “some concerns,” or “high risk” for overall risk of
bias. Studies were rated low risk of bias if all five domains
were judged to be low risk, some concerns if at least one domain was judged to have some concern regarding bias, and
high risk if at least one domain was judged to be of high risk.
Strategy for data synthesis. To determine the effect
of HIIT on children’s and adolescents’ cognitive function
and mental health outcomes, we conducted a random effects
meta-analysis for outcomes where there were four or more
study samples. Posttest mean values and their SD were converted to Cohen d effect sizes and analyzed using Comprehensive Meta-Analysis software, Version 2 for Windows (Biostat
Company, Englewood, NJ). The magnitude of the pooled
effect sizes (hereafter referred to as standardized mean differences or SMDs) was classified as small (SMD, 0.2), medium
(SMD, 0.5), and large (SMD, 0.8) (28). For studies that compared multiple HIIT groups to a single control, the sample size
of the shared control was split to avoid double counting. This
approach prevents effect size estimates from having artificially
narrow confidence intervals (CI). When data were not provided in the articles or not provided by the corresponding
author upon request, we utilized graph reader software (Web
Plot Digitizer V4.2) to extract values.
We conducted six separate meta-analyses to assess the acute
and chronic effects of HIIT. Meta-analyses for acute studies
examined executive function and well-being (which focused
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exclusively on affect rather than other well-being outcomes).
Therefore, as only one indicator of well-being was examined
in acute studies, we use the term “affect” as opposed to
well-being. Meta-analyses for chronic studies examined basic
information processing, executive function, well-being, and
ill-being outcomes. For studies that examined cognitive function outcomes, HIIT was compared with alternative exercise
or sedentary control conditions. Three reviewers (A. A. L.,
M. F. M., D. R. L.) evaluated all studies included in the metaanalysis to determine the demand of cognitive function outcomes. Outcomes were classified as either basic information
processing or executive function. As there were not enough
studies to conduct separate meta-analyses for the different
executive function subdomains (e.g., inhibition, working
memory, and cognitive flexibility), tasks exhibiting greater
executive function (e.g., incongruent trials of a flanker task,
2-back condition of an n-back task, etc.) were converted to
Cohen d, and an average was included in the meta-analysis
as a measure of overall executive function. A similar approach
was used for basic information processing with tasks exhibiting
lower-order cognitive processes (e.g., congruent trials in the
flanker task, 1-back condition in the n-back task) were converted to Cohen d and then averaged to provide an overall effect on basic information processing. For outcome variables,
where lower values are desirable (e.g., reaction time, number
of errors), the sign of the effect size was reversed so that positive values represent a beneficial effect for all outcomes. If
multiple postexercise values were reported, we extracted the
first value between 10 and 60 min after exercise completion,
based on evidence showing initial decrements in cognitive
performance postexercise followed by improvements during
this window (29).
In regard to mental health outcomes, much of the literature
on the acute effects of HIIT on affect has compared HIIT with
other exercise conditions (e.g., moderate-intensity continuous
training [MICT]). However, the aim of our analysis was to
determine the effects of HIIT on affect relative to no exercise.
As such, comparisons between HIIT and MICT (or other modes/
intensities of exercise) were not included. Affective responses
during and immediately after high-intensity/strenuous exercise
are almost universally negative (30). However, there is a rebound
effect whereby feeling state improves thereafter (31). As such, we
avoided values reported during and immediately after HIIT and
instead extracted the next recorded value (e.g., 5 min after exercise cessation). For both acute and chronic outcomes, when
studies used several measures to assess well-being (e.g., selfesteem and quality of life) or ill-being (e.g., depression, perceived stress), an average effect size was calculated and used
in the meta-analysis. For studies that included child and
parent-reported values for the same outcome, the average of
the two values was used in the analyses.
Heterogeneity was determined by Cochrane Q statistic and
I2 values, whereby values of <25%, 50%, and 75% were be
considered to indicate low, moderate, and high levels of heterogeneity, respectively. Publication bias was analyzed using
Rosenthal’s classic fail-safe N, which provides an indication
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of the number of studies needed with a mean effect of zero
before the overall effect would no longer be statistically significant. Subgroup moderator analyses were conducted if HIIT
effects differed according to the duration of the study (i.e.,
<8 wk vs ≥ 8 wk), risk of bias (i.e., low vs moderate-to high),
age of participants (i.e., children vs adolescents), and type
of cognitive demand (i.e., low vs moderate-to-high cognitive
demand), with the threshold for significance set at P < 0.1.

RESULTS
The search yielded 5282 studies (Figure, Supplemental
Digital Content 2, PRISMA flow diagram, http://links.lww.
com/MSS/B968). Once duplicates were removed, abstracts
(n = 2665), and full-text articles (n = 144) were screened. A
total of 22 studies were included in the systematic review
and 19 in the meta-analyses. Three studies (32–34) were not
included in the meta-analysis because of lack of data availability or control group (see Table, Supplemental Digital Content
3, for study characteristics, http://links.lww.com/MSS/B969).
Study Characteristics and Participants

HIIT FOR COGNITIVE AND MENTAL HEALTH IN YOUTH

Outcome Measures
Half of the included studies (35,39,43,47–54) measured a
component of cognitive function (e.g., basic information processing, executive function; n = 11 [50%]). Of note, all 11 of
these studies provided a measure of executive function,
whereas only 5 provided data for basic information processing
(39,42,43,49,50). Indicators of well-being (i.e., self-concept,
quality of life, affect) were also measured in half of the included
studies (33,34,36–38,40,41,43–46). Indicators of ill-being (i.e.,
stress) were measured in four studies (32,41,43,44).
Adherence and Retention
Most studies failed to report data regarding intervention
adherence. For those that reported adherence (32,43,44), adherence was problematic in two studies (32,43) and satisfactory in one study (44). Retention rates less than 90% were
reported in eight studies (32,36,37,43,48–50,52), whereas in
three studies, retention values were not reported (39,40,47).
Risk of Bias
Risk of bias was assessed against criteria from five domains
(Fig. 1). Only three studies (43,49,53) were characterized as
having “low risk” overall. Bias from randomization process
was the most problematic domain, with only five studies
(42–44,49,53) evaluated as “low risk.” However, all studies
were assigned “low risk” for selection of the reported results.
Participant and assessor blinding were included only when it
was conducted at all time-points. Participant blinding was
reported in four studies (36,42,47,48), whereas three studies
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Studies were published between January 2010 (35) and
May 2019 (36,37) including randomized crossover (or other
matched; n = 10 [45%]), and parallel group (cluster randomized or individually randomized; n = 12 [55%]) trials. Sample
sizes ranged from 13 (38) to 616 (37) participants, totaling up
to 2092 children and adolescents. Four studies included only
male participants (33,38–40) and 2 studies did not report sex
of participants (32,41), whereas the remaining 16 studies
included both male and female participants. A majority of
the included studies (32,34–39,41–50) assessed adolescent
populations (13–18 yr), whereas five studies were conducted
with children (33,40,51–53). The majority of studies included
typically developing participants apart from three studies that
involved children with cerebral palsy (43), children with attention deficit hyperactivity disorder (40), and adolescents with
asthma (37). Only three studies specifically recruited athletes (football players (32,40) and sailors [50]).
Studies were conducted in Australia (43,44), Canada (52),
Finland (49), Germany (32,40), Greece (35), Lithuania (50),
New Zealand (53), Norway (43), Spain (36,47,48), Switzerland
(39), Tunisia (33,41), and United Kingdom (37,38,42,45,46,51).
The intervention component of studies was conducted at schools
(33,35–37,39,42–49,52,53) (n = 15; 68%), in laboratories
(38,40,43,51) (n = 4; 18%), and in practical settings such as
football fields (32,41) or athletics tracks (50) (n = 3; 14%).
Acute studies (33,35,38,39,42,45,46,48,51,52) (i.e., single session) and chronic studies (32,34,36,37,39,41,43,44,47,49,50,53)
(range, 2 wk [49] to 6 months [37]) were included. The duration of HIIT sessions ranged from 4 min (52) to 30 min
(37,50). For chronic studies, the frequency of sessions ranged
from two (36) to five (53) sessions per week. Heart rate
monitoring technology was utilized in the majority of studies (32–34,36–39,41–44,48–50) to ensure appropriate exercise intensity (n = 14; 64%).

Studies utilized a variety of physical activity modalities
to engage participants in HIIT including maximal sprint running (32,41,42), running (33,35,50), cycling (45,46), treadmill
walking/running (38,43,51), circuit training (39), a combination of a variety of aerobic- (e.g., shuttle runs, jumping jacks)
and/or resistance-based exercises (e.g., squats, triceps dips)
(43,44), video-based intervention delivery involving simple
movements (e.g., squats, jumping jacks, running on the spot)
(52,53), or cooperative HIIT (e.g., burpees in pairs, coordination ladder back and front) (36,47,48). Two studies included a
combination of modalities (e.g., circuit training and running
[49] and circuit and game-based activities [37]). In acute studies, HIIT protocols were compared with sedentary activities
(including static stretching) (35,39,42,48,52) or alternative
physical activity conditions (33,38,46,51). For clarity, in the
acute meta-analysis examining affect, one study was not
included because of insufficient data (33), and we only examined within-group changes for HIIT conditions (i.e., did not
compare HIIT with alternative exercise condition) in two studies (38,46). In chronic studies, HIIT protocols were compared
with sedentary activities (36,37,44,47,49,50,53) or alternative
exercise conditions (including regular physical education classes or football training) (32,40,41,43). Only one study did not
include a control group (43) and was therefore not included in
the meta-analysis.

APPLIED SCIENCES

FIGURE 1—Risk of bias assessment. + denotes low risk; ?, some concerns; −, high risk.

(43,44,49) reported assessor blinding. Only one study (53)
reported double blinding (participants and assessors). The bias
due to deviations from intended interventions was low in five
studies (42–44,49,53). The bias due to missing outcome data
was fulfilled in all studies apart from seven (32,33,40,42,43,50,52)
characterized with “some concerns or high risk.” In one study
(43), the criteria varied from “low risk” to “some concerns”
based on the type of outcome (i.e., computerized program or
self-reported data). All studies apart from one (33) met the
criteria of bias in selection of the reported results (“low risk”).
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A priori power calculations were reported in 10 studies
(34,37,38, 43–46,51–53).
Meta-analysis
Acute effects of HIIT. Data from the meta-analysis of the
acute effects are presented in Table 1. Two separate meta-analyses
were conducted for executive function and affect. There were not
enough studies to conduct meta-analyses for basic information processing and ill-being.
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TABLE 1. Meta-analysis of the acute and chronic effects of HIIT on cognitive function, well-being and ill-being.
Effect Size and Precision
Outcomes
Acute studies
Executive function
Affect
Chronic studies
Basic information processing
Executive function
Well-being
Ill-being

Heterogeneity

k

N

Estimate

95% CI

P

Q

df (Q)

P

I2

Fail-Safe N

6
6

508
88

0.504
0.334

0.029 to 0.979
0.052 to 0.615

0.038
0.020

6.87
9.90

5
5

0.231
0.078

27.18
49.48

4
11

4
6
8
4

102
591
696
156

0.290
0.313
0.217
−0.350

−0.116 to 0.695
0.149 to 0.760
0.022 to 0.411
−0.675 to −0.025

0.162
<0.001
0.029
0.035

1.34
4.82
9.24
2.97

3
5
7
3

0.719
0.439
0.236
0.396

0.00
0.00
24.22
0.00

—
3
6
2

The pooled SMD for the acute effects of HIIT on executive
function was 0.50 (95% CI, 0.03–0.98; P = 0.038; Figure,
Supplemental Digital Content 4, forest plot, http://links.
lww.com/MSS/B970), and heterogeneity was relatively low
(I 2 = 27.18). However, publication bias was considered possible, with only four unpublished studies with an effect size of
zero required to reduce the pooled effect to nonsignificance.
There were no significant moderators (Table, Supplemental
Digital Content 5, moderator analysis, http://links.lww.com/
MSS/B971).
The pooled SMD (95% CI) for the acute effects of HIIT on
affect was 0.33 (95% CI, 0.05–0.62; P = 0.020; Figure, Supplemental Digital Content 6, forest plot, http://links.lww.
com/MSS/B972). Heterogeneity was moderate (I 2 = 49.48),
and the fail-safe N was 11 studies. There were no significant
moderators (Table, Supplemental Digital Content 7, moderator analysis, http://links.lww.com/MSS/B973).
Chronic effects of HIIT. Data from the meta-analysis are
presented in Table 1. Four separate meta-analyses were conducted for chronic studies (i.e., basic information processing,
executive function, well-being, and ill-being).
The pooled SMD (95% CI) for the effects of HIIT on basic
information processing was 0.29 (−0.12 to 0.70; Fig. 2), and
heterogeneity was found to be zero. There were no significant moderators (Table, Supplemental Digital Content 8,
moderator analysis, http://links.lww.com/MSS/B974).
The pooled SMD for the effects of HIIT on executive function was 0.31 (95% CI, 0.16–0.76; P < 0.001; Fig. 3), and
heterogeneity was found to be zero. However, publication bias
was considered possible, as Rosenthal’s classic fail-safe N
indicated that only three unpublished studies with an effect
size of zero would be required to make the observed effect no
longer significant. Cognitive demand of HIIT was a significant
moderator, with stronger effects observed for more cognitively

demanding HIIT programs (Table, Supplemental Digital Content 9, moderator analysis, http://links.lww.com/MSS/B975).
The pooled SMD for the effects of HIIT on well-being was
0.22 (95% CI, 0.02 to 0.41; P = 0.029; Fig. 4), and heterogeneity was found to be low (I2 = 24.22). Rosenthal’s classic
fail-safe N indicated that only six unpublished studies with
an effect size of zero would be required to make the observed
effect no longer significant. Study duration and cognitive
demand of HIIT were significant moderators of intervention
effects. Specifically, stronger effects were seen for studies less
than 8 wk in duration and for HIIT programs with lower levels
of cognitive demand (Table, Supplemental Digital Content 10,
moderator analysis, http://links.lww.com/MSS/B976). However, there was only one low-demand study, so this finding
should be interpreted with caution.
The pooled SMD for the effects of HIIT on ill-being was
−0.35 (95% CI, −0.66 to −0.03; P = 0.035; Fig. 5), and heterogeneity was found to be zero. However, publication bias was
considered possible, as Rosenthal’s classic fail-safe N indicated that only two unpublished studies with an effect size of
zero would be required to make the observed effect no longer
significant. There was no variability across studies assessing
the effects of HIIT on ill-being, and moderator analyses were
therefore not conducted.

DISCUSSION
The aim of our review was to synthesize the available evidence surrounding the efficacy of HIIT for improving cognitive function and mental health in children and adolescents.
Our meta-analysis results suggest that HIIT can produce moderate acute effects (SMD, 0.50) for executive function and
small acute effects (SMD, 0.30) for well-being. In addition,
we found small significant chronic effects for executive function
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FIGURE 2—Forest plot of the chronic effects of HIIT on basic information processing.
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FIGURE 3—Forest plot of the chronic effects of HIIT on executive function.

understood, it has been proposed that higher concentrations of
several neurochemicals (i.e., brain-derived neurotrophic factor
and catecholarmines [e.g., dopamine, epinephrine]) induced
by exercise, and in particular high-intensity exercise, may improve cognitive performance (56). It should also be acknowledged that, although the meta-analysis conducted by Moreau
and Chou (24) did not focus exclusively on the effects of HIIT
(but rather any form of high-intensity exercise). Interestingly,
their moderator analysis revealed comparable effects between
high-intensity continuous and intermittent protocols. These results suggest that both forms of training are effective for
gaining benefits. However, the lower training volume offered
by HIIT provides a time-efficient alternative to induce short-term
benefits.
In addition, it has consistently been demonstrated that highintensity exercise evokes feelings of displeasure as individuals
work at, or toward, their functional limits (30,57). According to
the Dual Model Theory, aversive psychological feelings experienced during exercise lead to greater rates of exercise dropout (58). Although the effect of in-task affect is well
established, the current study aimed to examine the “rebound
effect” after a bout of HIIT. Overall, we found a small, significant effect in favor of HIIT (SMD, 0.33). Our results are similar to those observed in a previous meta-analysis focused
predominantly on adults (SMD, 0.19; 95% CI, −0.17 to 0.56)
(25). It is important to note that in their meta-analysis, the authors examined the effects of between group changes (e.g.,
HIIT vs MICT), whereas in the current study, we focused on
within-group changes, which may explain our larger effect
size. Because of the small number of studies included in the
current review, it is unclear whether adolescents have the same
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(SMD, 0.31), well-being (SMD, 0.22), and ill-being (SMD,
−0.35), and a small nonsignificant effect for basic information
processing (SMD, 0.29). A secondary aim was to identify
potential moderators of HIIT effects. Study duration emerged
as a significant moderator of chronic physical activity studies
on well-being, with stronger effects observed for studies with
<8 wk in comparison to those ≥8 wk in duration. Stronger
effects for executive function were evident with studies that
implemented moderate-to-high cognitively demanding HIIT
protocols, whereas stronger effects on well-being were observed
for studies that implemented low cognitively demanding HIIT
protocols. However, given the relatively small number of studies
included in the meta-analyses, our findings should be interpreted
with caution.
We found that participation in HIIT had a moderate acute
effect (SMD, 0.50) on executive function, which is larger than
previously reported (24). Of note, Moreau and Chou (24) conducted a meta-analysis of the acute effects of high-intensity
exercise on executive function. In their review, the authors
observed a small, positive effect (d = 0.24) on overall executive function; however, this effect was moderated by the type
of comparison group. A significant effect was only evident when
comparing high-intensity exercise to resting conditions, but
not when comparing high-intensity exercise to lower-intensity
conditions (i.e., moderate-intensity). Regardless, the results
suggest that high-intensity exercise is an effective method for
improving executive function, and the effects are comparable
to those observed with moderate-intensity exercise (55). The
additional benefit of high-intensity exercise is that the same effects can be obtained in significantly shorter duration of exercise. Although the mechanisms for these effects are less

FIGURE 4—Forest plot of the chronic effects of HIIT on well-being.
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FIGURE 5—Forest plot of the chronic effects of HIIT on ill-being.
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demonstrating an association between vigorous physical activity and cognitive performance in adolescents (62). However,
the underlying mechanisms are less understood (4). Vigorousintensity physical activity seems to be more strongly associated
with fitness in youth (19), which in turn may serve to promote
improvements in cognitive outcomes via neurobiological outcomes (i.e., structural and functional changes within the brain)
(4). Of note, cross-sectional research has demonstrated the
children with higher levels of fitness have greater hippocampal volume and memory performance compared with lowerfit children (63). Furthermore, engaging in chronic bouts of
physical activity stimulates angiogenesis and neurogenesis
in areas of the brain, which ultimately influence cognitive
performance (5).
Pesce (64) has suggested that the effect of physical activity
on cognition may differ according to the qualitative characteristics of the movement task (i.e., coordinative complexity
and cognitive demand). Activity that requires a greater allocation of attention and cognitive effort (known as cognitive
engagement) is suggested to improve cognition to a greater
extent than activities with low cognitive engagement (e.g.,
continuous running) (65). This argument, known as the
“cognitive stimulation hypothesis,” posits that activities that
are coordinatively demanding, stimulate similar areas of the
brain that are responsible for higher-order cognitive processes (66). Results from our moderator analysis provide
some support for this view, with greater effects on cognitive
function observed for studies with moderate-to-high levels
of cognitive engagement. Benefits may arise from physical
activity that is “cognitively demanding” (e.g., activity such
as learning new dance moves). However, as this is an emerging area of research, there are not enough studies to draw
firm conclusions at this time. In addition, there is a lack of
consensus regarding the definition or threshold of what
constitutes “cognitively demanding physical activity” (or
“noncognitively demanding physical activity” for that matter). Finally, there is considerably more evidence available
for positive effects of physical activity that improves CRF
on cognitive outcomes (3,67,68).
Finally, results from our meta-analysis revealed that HIIT
can improve both well-being and ill-being outcomes. A total
of six studies were included in the meta-analysis for wellbeing, and we found a small positive effect in favor of HIIT
(SMD, 0.22). Our findings are consistent with previous reviews
conducted in children and adolescents, which have reported
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affective response to HIIT as adults. Although the immediate
negative dose–response effects arising during exercise can
reduce exercise adherence, there are no long-term studies
conducted with children and adolescents to support this argument. To further our understanding, prospective studies
should aim to address this gap in the literature by directly
comparing different exercise modalities (i.e., HIIT vs MICT)
for adherence to exercise over extend periods of time (e.g.,
>6 months). We also observed a significant moderator for the
level of cognitive demand. Stronger effects were observed
for HIIT protocols with low cognitive demand. However, only
one study (40) was categorized as involving low cognitive demand; therefore, this finding should be interpreted with caution. It is possible that the demographic of the study
population (i.e., elite football players) and nature of the HIIT
protocol (i.e., sprint interval training) contributed to the significant moderator effect.
Our meta-analysis revealed that chronic HIIT had a small
effect on cognitive function (i.e., both basic information processing and executive function) in children and adolescents.
Our findings are consistent with those reported in previous
reviews examining children and adolescents (3,59,60). Specifically, Alvarez-Bueno and colleagues (59) reported an effect
size of 0.20 for executive functions, whereas Singh et al.
(60) found that chronic physical activity interventions improved overall executive functions (SMD, 0.20) and inhibitory
control (SMD, 0.26). Considering the relatively small number
of studies included in our meta-analyses, our findings should
be interpreted with caution. It is important to acknowledge that
studies with high-quality designs and larger samples may contribute the strongest evidence for the effects of HIIT on cognitive function. For example, one high-quality study involving
more than 300 children (53) contributed more than 50% of
the effect size in our meta-analysis. The significant intervention effect observed by Moreau and colleagues is promising,
but more high-quality experimental research is needed.
The effect to which physical activity influences cognition
may be dependent on a number of parameters such as duration,
intensity, and type of activity (4). As the majority of research
has focused on the effects of moderate-intensity activity (61),
it is difficult to interpret whether activities of varying intensities (i.e., vigorous-intensity) produce similar effects. Findings
from the current study suggest that engaging in bouts of
vigorous-intensity activity can produce chronic benefits in
cognitive function and builds on prior review-level evidence
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small-to-moderate positive effects for physical activity on measures of well-being (10,69). A variety of mechanisms may
explain this effect. For example, participation in physical
exercise is thought to stimulate neurobiological responses
via the release of endogenous opioids (e.g., endorphins).
The “endorphin hypothesis” ascribes the positive changes in
mood after exercise to the increased release of β-endorphins
(70,71). In their conceptual model, Lubans and colleagues (4)
identified physical activity intensity as a potential moderator of
this effect. Considering that HIIT produces comparable if not superior health benefits than moderate-intensity activity (20,21), it
is plausible to suggest that HIIT may stimulate greater neurobiological effects than that of lower-intensity activities.
Our study revealed that HIIT can reduce ill-being (SMD,
−0.35) in children and adolescents. In an earlier review, Larun
et al. (72) reported significant moderate effect sizes for
vigorous-intensity activity interventions on depressive symptoms in youth (d = −0.66). However, unlike the current review,
the inclusion of children and adolescents with major depressive symptoms may have contributed to a larger effect size.
Notably, study participants included in our ill-being metaanalysis were all relatively healthy, therefore limiting the
potential for large effects. Findings from our study are consistent with a recent meta-analysis that reported a small significant effect of exercise on psychological ill-being (effect size,
−0.13), with stronger effects in children compared with adolescents. Although we were unable to test this hypothesis
because of lack of variability, it is possible that the effect of
HIIT is stronger in adolescents compared with children, as this
is typically the time period for onset of common mental disorders such as anxiety and depression (8).
Similar to traditional types of physical activity (e.g., continuous aerobic activity), engaging in HIIT may also enhance
self-efficacy. The authors of a recent review examining the
psychological responses to interval training concluded that
HIIT can enhance self-efficacy (73). Similarly, a study conducted by Boyd and colleagues (74) found that after 3 wk of
HIIT, participants felt confident to schedule and participate
(i.e., task self-efficacy) in regular HIIT. It is possible that short
bursts of activity interspersed by rest periods are more manageable than bouts of continuous activity, which may enhance
self-efficacy. Future studies are needed to test the hypothesis
that improvements in self-efficacy act as a mechanism for
enhancing well-being in adolescent populations.
Future studies are needed to explore strategies that optimize the
effect of HIIT on children’s and adolescents’ cognitive function
and mental health. Effect sizes may be optimized by focusing
on the psychosocial, behavioral, and neurobiological mechanisms
responsible for the effects of HIIT on brain-related outcomes. Of
note, the SAAFE (supportive, active, autonomous, fair and enjoyable) principles provide a framework for the design and delivery of exercise sessions (75). Guided by self-determination
theory, these principles have been successfully applied in two
recent HIIT studies (43,44). Although the vigorous nature of
HIIT can be aversive, HIIT sessions may be perceived as more
enjoyable to children and adolescents if they are designed
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explicitly to satisfy basic psychological needs (i.e., autonomy,
competence, relatedness). For example, providing participants
with choice of the included exercises and/or work and rest interval durations may satisfy autonomy. Moreover, the provision of encouragement and positive feedback may enhance
participants’ perceptions of competence. Performing HIIT in
groups with friends is more enjoyable and can satisfy perceptions of relatedness. Other simple strategies, such as using music, and exercising in desirable natural environments (e.g.,
park or beach), may also optimize the cognitive and mental
health benefits of HIIT.
Strengths and limitations. This is the first systematic
review to quantitatively analyze the effects of HIIT on cognitive function and mental health outcomes in children and
adolescents. Strengths of our review include the adherence
to PRISMA guidelines, use of the Cochrane ROB criteria,
and the inclusion of meta-analyses with moderation analyses.
However, there are also some limitations that should be
acknowledged: First, as the majority of studies included healthy
participants, it was not possible to conduct separate metaanalyses for healthy and unhealthy populations, therefore limiting the generalizability of our findings. Second, given the
variability in study measures used for cognitive outcomes, it
was not possible to determine the effects on specific domains
of executive function (inhibition, working memory, cognitive
flexibility). Finally, although promising effects were observed
for cognitive function and mental health outcomes after HIIT,
it should be acknowledged that the majority of studies did not
prescribe an active control group (i.e., moderate-intensity
training). Because of the small number of studies included
in our review, we were unable to perform a moderator analysis
for exercise modality (e.g., HIIT vs MICT). Therefore, we
were unable to directly compare the effects of HIIT with an
alternative exercise modality for all review outcomes. As
interest in this area continues, understanding the specific
effects of alternative exercise intensities and modalities would
be useful to help inform future physical activity interventions.

CONCLUSIONS
Our study has provided preliminary review evidence suggesting that participation in HIIT can improve children’s and
adolescents’ cognitive function and mental health. In general,
the acute effects of HIIT were stronger than the chronic effects
for cognitive function. Importantly, both well-being and illbeing were improved after HIIT interventions. Although
promising, because of the small number of studies and large
heterogeneity, more high-quality research is needed to confirm these findings.
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