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Abstract

High-intensity interval training (HIIT) interventions are typically
prescribed according to several laboratory-based parameters and
fixed reference intensities to accurately calibrate exercise inten-
sity. Repeated all-out printing efforts, or sprint interval training,
is another form of HIIT that is prescribed without individual ref-
erence intensity as it is performed in maximal intensities. No pre-
vious study has performed a systematic review and meta-analysis
to investigate the effect of HIIT and SIT on cardiometabolic
health markers in children and adolescents. Moreover, previous
studies have focused on single risk factors and exercise modali-
ties, which may restrict their ability to capture a complete picture
of the factors that could be affected by different interval interven-
tions. The present study aimed to conduct a novel meta-analysis
on the effects of HIIT and SIT on multiple cardiometabolic health
markers in children and adolescents. An electronic search was
conducted in three main online databases including PubMed,
Web of Science, and Scopus were searched from inception to July
2024 to identify randomized and non-randomized control trials
comparing HIIT and SIT versus the non-exercise control group in
children and adolescents with mean age ranges from 6 to 18 years
old on cardiometabolic health markers including fasting glucose
and insulin, insulin resistance, triglyceride (TG), total cholesterol
(TC), low-density lipoprotein cholesterol (LDL), high-density
lipoprotein cholesterol (HDL), systolic blood (SBP) and diastolic
blood (DBP) pressures. Standardized mean differences (SMD),
weighted mean differences (WMD), and confidence were calcu-
lated using a random effect model. HIIT decreased insulin, insulin
resistance, TG, TC, LDL, and SBP and increased HDL but did
not decrease glucose and DBP. Furthermore, subgroup analyses
show that insulin and insulin resistance were decreased by sprint
interval training (SIT) and in those with obesity. Lipid profile
mainly is improved by SIT and in those with obesity. Also, SBP
was decreased by SIT and in those with obesity. Our results prove
that HIIT is an effective intervention for improving cardiometa-
bolic health in children and adolescents, mainly those with obe-
sity. Specifically, SIT is an effective interval training mode in
children and adolescents.

Key words: Lipid profile, blood pressure, insulin resistance,
exercise, sprint interval training.

Introduction

Physical activity and organized exercise regimens are
widely acknowledged as fundamental approaches to man-
aging cardiometabolic health, irrespective of additional
lifestyle considerations (Edwards et al., 2023). An exten-
sive body of empirical research spanning the last decade
has consistently documented notable enhancements in di-

verse cardiometabolic fitness parameters and health indi-
cators after exercise interventions, including glycemic
markers (Boer et al., 2014; Martin et al., 2015; Dias et al.,
2018; Kranen et al., 2023), blood lipid profile (Ahmadi et
al., 2020; Paahoo et al., 2021; Khaliltahmasebi et al.,
2022), and blood pressure (Espinoza-Silva et al., 2019;
Ketelhut et al., 2020; Oliveira et al., 2021; Salus et al.,
2022a; 2022b). Ultimately, these cumulative effects dimin-
ish the overall risk of cardiovascular disease within the
broader population (Kranen et al., 2023; Bond et al., 2015).

Cardiovascular disease stands as the primary etiol-
ogy of noncommunicable mortality globally and is pro-
jected to endure as an enduring and ubiquitous threat inter-
nationally (Kranen et al., 2023). A seemingly inevitable es-
calation in obesity and diabetes presently constitutes the
foremost obstacle in the ongoing endeavor to diminish the
burden of cardiovascular disease worldwide, and choles-
terol, especially low-density lipoprotein cholesterol, is
considered the primary determinant of cardiovascular dis-
ease (Timmis et al., 2020; Sayevand et al., 2022). Blood
pressure also has a linear correlation with the incidence of
stroke and myocardial infarction (Prospective Studies Col-
laboration, 2002), and treatment aimed at reducing blood
pressure levels protects patients against cardiovascular
events (Xie et al., 2016).

Different exercise interventions have traditionally
been prescribed to diminish the abovementioned factors,
with the majority focusing on moderate-intensity training,
generally completed by running (Edwards et al., 2023).
However, despite the indisputable advantages of global ex-
ercise training guidelines (Bull et al., 2020), adopting and
complying with the existing guidelines remain inadequate
(Edwards et al., 2023), with the “insufficient time” as a pri-
mary hindrance to their consistent involvement regularly
(Gillen and Gibala, 2014). Hence, it seems sensible to in-
vestigate innovative exercise training methods that could
enhance the acceptance and commitment of the general
public.

High-intensity interval training (HIIT), character-
ized by repeated bouts of intensive work interspersed by
periods of low-intensity exercise or complete rest (Gillen
and Gibala, 2014), has been introduced as an alternative to
moderate-intensity training. Despite a lower time commit-
ment, HIIT induces numerous adaptations resembling
moderate-intensity training (Little et al., 2010). HIIT may
also have superior effects on modification of cardiometa-
bolic risk in youth than moderate-intensity training (Hay et
al., 2012; Carson et al., 2014). Adolescents also indicated
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higher enjoyment during HIIT than moderate-intensity
training  suggesting HIIT as a useful approach for pre-
venting cardiovascular disease (Kranen et al., 2023). Sev-
eral methods for prescribing HIIT have been created to as-
sist athletes in reaching targeted exercise intensities during
their training sessions in a structured and individualized
way. These methods may include using a rating of per-
ceived exertion (RPE) to guide intensity, utilizing maximal
aerobic speed and power metrics, which are thought to be
critical prescription components for many categories; an-
aerobic speed/power reserve measures; and the upper lim-
its of high-intensity performance above the velocity or
power linked to maximal oxygen uptake [VOazmax
(V/pVOamax). Repeated all-out sprinting efforts or sprint in-
terval training (SIT) is another form of HIIT performed at
all-out or maximal intensities over a given distance or du-
ration. Since such exercise is consistently performed all-
out, it can be prescribed without pretesting individual ref-
erence intensities (i.e., V/pVOamax) (Laursen and Buchheit,
2019).

A wide range of HIIT studies have shown signifi-
cant impacts on different cardiometabolic risk factors
(Fereshtian et al., 2017; Costa et al., 2018; Sheykhlouvand
et al., 2018; 2022; 2024; Campbell et al., 2019; Reljic et
al., 2020; Edwards et al., 2022; 2023; Gharaat et al., 2024,
Tao et al., 2024; Song and Sheykhlouvand, 2024). Alt-
hough these studies provide invaluable information regard-
ing the effects of HIIT on different cardiometabolic risk
factors, the studies’ variables are limited to single risk fac-
tors and exercise modalities, which may restrict their abil-
ity to capture a complete picture of the factors that could
be affected by different type of interval interventions.
Moreover, studies regarding children and adolescents are
limited. Over the past two decades, childhood obesity has
escalated to epidemic levels globally (Grossman et al.,
2017). An epidemiological study conducted in 2017 re-
vealed that there are approximately 107.7 million obese
children in 195 countries, and the prevalence of obesity
among children is higher compared to adults (GBD 2015
Obesity Collaborators, 2017). A recent update by the
World Health Organization (WHO, www.who.int) indi-
cates that over 390 million children and adolescents aged
5-19 years were overweight in 2022, including 160 million
who were living with obesity. Childhood obesity not only
raises the risk of cardiovascular disease but also leads to
conditions such as adult coronary heart disease, hyperten-
sion, metabolic syndrome, and type II diabetes mellitus
(Cole and Lobstein, 2012). Studies showed that disorders
of glycolipid metabolism may originate from childhood;
obesity can accelerate this situation (Cao et al., 2021).
Hence, identifying the effective interventions in modulat-
ing the mentioned risk factors would be of value. Although
some studies have been dedicated to these age categories,
no previous study has performed a systematic review and
meta-analysis to investigate the effect of HIIT and SIT on
cardiometabolic health markers in children and adoles-
cents. Hence, the present study aimed to conduct a novel
meta-analysis on the effects of different intensive interval
interventions (HIIT and SIT) on multiple cardiometabolic
health indicators in children and adolescents.

Methods

This systematic review and meta-analysis are reported in
accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA) guideline.

Search

Three electronic databases, including PubMed, Web of
Science, and Scopus, were searched. The search strategy
was performed on July 2024 using the following keywords:
"high intensity interval training" OR "high-intensity inter-
val training" OR "high intensity interval exercise" OR
"high-intensity interval exercise" OR "high-intensity inter-
mittent training” OR "high intensity intermittent training"
OR "high intensity intermittent exercise" OR "high-inten-
sity intermittent exercise" OR "aerobic interval training"
OR "aerobic-interval training" OR "aerobic interval exer-
cise" OR "aerobic-interval exercise" OR "interval training"
OR "interval exercise" OR "sprint interval training" OR
"sprint interval exercise" OR "sprint training" AND chil-
dren OR childhood OR child* OR adolescent OR youth
OR pediatrics (Table 1). In addition, the search was up-
dated up to July 2024. Also, the references list of applicable
articles and Google Scholar were manually searched to find
other relevant articles. The search terms and strategies
were performed in consultation with information special-
ists to ensure comprehensiveness and rigor in conducting
the literature search.

Study selection, inclusion and exclusion criteria
Articles were included if they met the following criteria:
(1) peer-reviewed and English languages published arti-
cles, (2) randomized and non-randomized control trials
comparing HIIT versus non-exercise control groups, (3)
studies involving children and adolescents with mean age
ranges from 6 to 18 years, (4) studies involving exercise
training with intervention duration > two weeks, (5) out-
comes measures including glycemia markers including
fasting glucose and insulin and insulin resistance, lipid pro-
files including triglyceride, total cholesterol, low-density
lipoprotein cholesterol and high-density lipoprotein cho-
lesterol, and blood pressure including systolic blood pres-
sure and diastolic blood pressures. Studies were excluded
if participants were> 18 years old, articles were published
in non-English-language journals, studies included a sin-
gle-arm trial (without a control group), and studies in-
cluded exercise training combined with other interven-
tions, such as caloric restriction. In addition, non-original
studies, such as reviews, were excluded. Two reviewers in-
dependently selected and identified studies according to in-
clusion and exclusion criteria, and disagreements were re-
solved by discussion. All articles were included in End-
Note software, and after removing duplicates, a screen was
conducted based on the title and abstract. Subsequently, the
remaining articles were screened based on their full text.

Data extraction

Two reviewers independently conducted data extractions
on a pre-designed template. Data retrieved from each
study included study design, participants’ characteristics,
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Table 1. Search strategy.

PubMed

(("high-intensity interval training"[All Fields] OR "high-intensity interval training"[All Fields] OR "high-intensity
interval exercise"[All Fields] OR "high-intensity interval exercise"[All Fields] OR "high-intensity intermittent
training"[All Fields] OR "high-intensity intermittent training"[All Fields] OR "high-intensity intermittent exer-
cise"[All Fields] OR "high-intensity intermittent exercise"[All Fields] OR "aerobic-interval training"[All Fields]
OR "aerobic-interval training"[All Fields] OR "aerobic-interval exercise"[All Fields] OR "aerobic-interval exer-
cise"[All Fields] OR "interval training"[All Fields] OR "interval exercise"[All Fields] OR "sprint interval train-
ing"[All Fields] OR "sprint interval exercise"[All Fields] OR "sprint training"[All Fields]) AND ("child"[MeSH
Terms] OR "child"[All Fields] OR "children"[All Fields] OR "child s"[All Fields] OR "children s"[All Fields] OR
"childrens"[All Fields] OR "childs"[All Fields] OR ("childhood"[All Fields] OR "childhoods"[All Fields]) OR
"child*"[All Fields] OR ("adolescences"[All Fields] OR "adolescency"[All Fields] OR "adolescent"[MeSH Terms]
OR "adolescent"[All Fields] OR "adolescence"[All Fields] OR "adolescents"[All Fields] OR "adolescent s"[All
Fields]) OR ("adolescent"[MeSH Terms] OR "adolescent"[All Fields] OR "youth"[All Fields] OR "youths"[All
Fields] OR "youth s"[All Fields]) OR ("paediatrics"[All Fields] OR "pediatrics"[MeSH Terms] OR "pediatrics"[All
Fields] OR "paediatric"[All Fields] OR "pediatric"[All Fields]))) AND ((humans|[Filter]) AND (english[Filter]))

Scopus

(TITLE-ABS-KEY ("high intensity interval training" OR "high-intensity interval training" OR "high intensity in-
terval exercise" OR "high-intensity interval exercise" OR "high-intensity intermittent training" OR "high intensity
intermittent training" OR "high intensity intermittent exercise" OR "high-intensity intermittent exer-

cise" OR "aerobic interval training" OR "aerobic-interval training" OR "aerobic interval exercise" OR "aerobic-
interval exercise" OR "interval training" OR "interval exercise" OR "sprint interval training" OR "sprint interval
exercise" OR "sprint training")

AND TITLE-ABS-KEY (children OR childhood OR child* OR adolescent OR youth OR pediatrics )) AND
(LIMIT-TO (DOCTYPE , "ar" )) AND ( LIMIT-TO ( LANGUAGE , "English" ))

Web of
science

Results for (ALL=("high intensity interval training" OR "high-intensity interval training" OR "high intensity inter-
val exercise" OR "high-intensity interval exercise" OR "high-intensity intermittent training" OR "high intensity in-
termittent training" OR "high intensity intermittent exercise" OR "high-intensity intermittent exercise" OR "aerobic
interval training" OR "aerobic-interval training" OR "aerobic interval exercise" OR "aerobic-interval exercise" OR

(Languages)

"interval training" OR "interval exercise" OR "sprint interval training" OR "sprint interval exercise" OR "sprint
training")) AND ALL=(children OR childhood OR child* OR adolescent OR youth OR pediatrics) and English

including sample size, body mass index, age, sex, and
health status, HIIT characteristics, including program de-
scription, intensity, duration, frequency, and numbers of
sets, and outcomes data. To calculate the effect size, mean
and standard deviation (SD) or mean changes and their SDs
in the training and control groups were extracted. When re-
quired, these data were extracted from the figure using Get-
data or were calculated from other data such as median and
data range or standard errors (Reeves et al., 2008; Wan et
al., 2014). In addition, if a study had more than one inter-
vention arm, all were included as a separated trial.

Quality of assessment

Study quality was assessed using the Physiotherapy Evi-
dence Database (PEDro) which contains 11 items. Two
items, including blinding of participants and intervention,
were excluded from the scale (De Morton, 2009). Finally,
the quality of the included studies was assessed using 9
items that were performed by two independent reviewers.
Details are provided in Table 2.

Data analysis

The meta-analysis of the included studies was conducted
using comprehensive meta-analysis software version 3
(CMA3). To calculate effect size, standardized mean dif-
ferences (SMD), weighted mean differences (WMD), and
confidence intervals were calculated using a random effect
model. The effect size was expressed as WMD when all
studies reported the outcome in the same unit and was ex-
pressed as SMD when all studies reported the outcomes in
the same units. For SMD, SMD of 0.2 to 0.49, 0.5 to 0.79,
and > 0.8 were considered to represent small, medium, and
large effect sizes, respectively (Cohen, 2013). Heterogene-

ity was assessed using Q statistics and I values, where I?
values of 25%, 50% and 70% were considered to represent
low, moderate and high heterogeneity, respectively
(Reeves et al., 2008). Publication bias was assessed using
visual interpretation of a funnel plot and the Egger test
(Sterne and Egger, 2001). In addition, several subgroup
analyses were performed based on age (children: age < 12
years and adolescents: age > 12 years), obesity (obese and
non-obese), and mode of interval training (SIT and HIIT).
The sensitivity of the analysis was determined by removing
individual studies to ensure that individual results do not
influence the results. In addition, analysis sensitivity was
performed by removing non-randomized trials and studies
with a high risk of bias.

Results

The database searches yielded 948 articles from Scopus,
829 articles from PubMed, and 662 articles from Web of
Science, of which 1529 articles remained after removing
duplicate records. Then, 1398 articles were eliminated
based on titles and abstracts and subsequently 131 articles
were removed based on the full-text screen as presented in
Figure 1. In addition, one study was added after search up-
dates (R). Finally, 31 articles met all inclusion criteria and
were included in the meta-analysis (R)(Tjenna et al., 2009;
Rosenkranz et al., 2012; Racil et al., 2013; 2016a; 2016b;
Boeretal., 2014; Martin et al., 2015; Chuensiri et al., 2018;
Cvetkovi¢ et al., 2018; van Biljon et al., 2018; Delgado-
Floody et al., 2018; Dias et al., 2018; Espinoza-Silva et al.,
2019; 2023; Taylor et al, 2019; Ahmadi et al,
2020; Ketelhut et al., 2020; Plavsic et al., 2020; McNarry
etal., 2021; Oliveira et al., 2021; Paahoo etal., 2021;
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Khaliltahmasebi et al., 2022; Abassi et al., 2022; Meng et
al., 2022; Martinez-Vizcaino et al., 2022; Williams et al.,
2022; Salus et al., 2022a; 2022b; Kranen et al., 2023; Ta-
diotto et al., 2023). Among the included studies, 23 were
randomized control trials, and the remaining eight were
non-randomized control trials (Espinoza-Silva et al., 2019;
2023; Salus et al., 2022a; 2022b; Delgado-Floody et al.,
2018; Tadiotto et al., 2023; Taylor et al., 2019; van Biljon
et al., 2018). Thirty-one studies included 2,496 children
and adolescents with sample sizes ranging froml6
(Rosenkranz et al., 2012) to 562 (Martinez-Vizcaino et al.,
2022) and mean ages ranging from 6.4 (Espinoza Silva et
al., 2023) to 17.7 (Boer et al., 2014) years old. Table 3 pre-
sents more details of participants' characteristics. Of the in-
cluded studies, 17 used SIT (Tjenna et al., 2009;
Rosenkranz et al., 2012; Racil et al., 2013; 2016a, 2016b;
Boer et al., 2014; Martin et al., 2015; Cvetkovi¢ et al.,
2018; van Biljon et al., 2018; Taylor et al., 2019; Ketelhut
et al., 2020; Paahoo et al., 2021; Meng et al., 2022; Wil-
liams et al., 2022; Abassi et al., 2022; Khaliltahmasebi et
al., 2022; Tadiotto et al., 2023), and 14 studies used HIIT
(R) (Dias et al., 2018; Ahmadi et al., 2020; Kranen et al.,
2023; Espinoza-Silva et al., 2019; 2023; Oliveira et al.,
2021; Chuensiri et al., 2018; Delgado-Floody et al., 2018;

Martinez-Vizcaino et al.,, 2022; McNarry et al., 2021;
Plavsic et al., 2020; Tjenna et al., 2009; van Biljon et al.,
2018), of which intervention duration ranged from two
weeks (Williams et al., 2022) to 12 months (Meng et al.,
2022; Tjenna et al., 2009). Twelve weeks were most rele-
vant. More details of HIIT characteristics are presented in
Table 3.

Meta-Analysis

Glycemic markers

Figures 2 to 4 depict the change in fasting glucose, insulin,
and insulin resistance following HIIT compared to the
control group. Overall, HIIT significantly decreased insu-
lin [SMD: —0.78 (CI: —1.41 to —0.15), p = 0.01, 13 trials]
and insulin resistance [SMD: —1.01 (CI: —1.64 to —0.39), p
=0.002, 12 trials], but not glucose [WMD: —0.07 mmol/l
(CI: -0.18 to 0.03), p = 0.18, 18 trials]. There were signif-
icant heterogeneities between studies for insulin (I* =
87.81, p = 0.001), glucose (I> = 54.44, p = 0.005),
and insulin resistance (I> = 86.46, p = 0.001). Visual
interpretation of funnel plot and Egger’s test suggested
publication bias for insulin resistance (p = 0.04) and only
Egger’s test showed publication bias for insulin (p = 0.07).

Table 2. Risk of bias assessment.

Outcome . Point
Random Groups measures as Reporting measures and
Eligibility . . roup Intention | of between
Brooeet allocation |Allocation| similar | Assessors sessed measures of
/Authors & Year Criteria . . o to treat group s e Total
3 of concealed | at base- | blinded in 85% 5 Gty variability
specified e . analysis | statistical
participants line of q reported for
. . comparison .
participants main effects
Abassi et al. 2022 v

IAhmadi et al. 2020

ANAN

Boer et al. 2014

Chuensiri et al. 2017

Cvetkovié et al. 2018
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Dias et al. 2018
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[Espinoza Silva et al. 2019
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IMcNarry et al. 2021
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Salus et al. 2022a
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Figure 1. Follow diagram of literature search based on PRISMA.

Both Visual interpretation of the funnel plot, and Egger’s
test did not show publication bias for glucose (p = 0.10).
The sensitivity of analyses shows that excluding non-ran-
domized studies on overall effect sizes was insignificant.
In addition, the sensitivity of analyses by removing studies
with a high risk of bias did not change the significance.

Subgroup analysis. After analyzing the different
subgroup analyses, insulin was decreased by SIT [SMD: —
1.21 (CI: —1.94 to —0.48), p = 0.001, 9 trials] and in those
with obesity [SMD: —1.12 (CI: —-1.81 to —0.42), p = 0.002,
9 trials] and adolescents [SMD: —1.00 (CI: —1.70 to —0.29),
p = 0.005, 10 trials]. Subgroup analyses for insulin re-
sistance indicate that SIT decreased insulin resistance
[SMD: —1.30 (CI: —-2.12 to —0.48), p = 0.002, 9 trials] and
in those with obesity [SMD: —0.84 (CI: —1.35 to —0.32), p
=0.001, 10 trials] and adolescents [SMD: —1.25 (CI: —2.01
to —0.48), p = 0.001, 9 trials]. Glucose was decreased by
SIT [WMD: —0.11 mmol/l (CI: -0.22 to —0.00), p = 0.03,
10 trials]

Lipid profiles

Figures 5 to 8 depict the changes in triglyceride, total cho-
lesterol, low-density lipoprotein cholesterol, and high-den-
sity lipoprotein cholesterol following HIIT compared to the
control group. Overall, HIIT significantly decreased
triglyceride [WMD: —0.12 mmol/l (CI: —-0.21 to —0.04), p
=0.004, 18 trials], total cholesterol [WMD: —0.23 mmol/I

(CI: =0.37 to —0.08), p = 0.002, 17 trials] and low-density
lipoprotein cholesterol [WMD: —0.23 mmol/l (CI: —0.35 to
—0.11), p=0.001, 17 trials] and increased high-density lip-
oprotein cholesterol [WMD: 0.07 mmol/l (CI: 0.02 to
0.12), p = 0.004, 18 trials]. There were significant hetero-
geneities between studies for triglyceride (I>= 44.82, p =
0.02), total cholesterol (I>= 57.72, p = 0.002), low-density
lipoprotein cholesterol (I> = 57.29, p = 0.002) and high-
density lipoprotein cholesterol (I = 56.40, p = 0.001). Vis-
ual interpretation of the funnel plot suggested publication
bias for triglyceride, total cholesterol, and high-density lip-
oprotein cholesterol, but Egger’s test did not show publi-
cation bias for triglyceride (p = 0.13), total cholesterol (p =
0.70), and high-density lipoprotein cholesterol (p = 0.96).
In addition, both visual interpretation of funnel plot and
Egger’s test did not suggest publication bias for low-den-
sity lipoprotein cholesterol (p = 0.33). Sensitivity of anal-
yses shows that the either exclusion of studies and non-ran-
domized studies on overall effect sizes were not signifi-
cant. In addition, the visual interpretation of the funnel plot
and Egger’s test did not suggest publication bias for low-
density lipoprotein cholesterol (p = 0.33).

Subgroup analysis. After analyzing the different
subgroups, total cholesterol was decreased by SIT [WMD:
—0.26 mmol/l (CI: -0.47 to —0.04), p = 0.01, 10 trials] and
tended to decrease by HIIT [WMD: —0.17 mmol/l (CI: —
0.34 to —0.00), p = 0.05, 7 trials], in those with obesity
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[WMD: —0.28 mmol/l (CI: -0.41 to —0.16), p = 0.001, 14
trials], adolescent [WMD: —0.19 mmol/l (CI: —0.31 to —
0.06), p = 0.003, 9 trials] and children [WMD: —0.30
mmol/l (CI: -0.60 to —0.01), p = 0.04, 8 trials]. HIIT
[WMD: —0.15 mmol/1 (CI: =0.29 to —0.01), p = 0.03, 8 tri-
als] and SIT [WMD: —0.11 mmol/l (CI: —0.22 to —0.002),
p = 0.04, 10 trials] decreased triglyceride, in those with
obesity [WMD: —0.15 mmol/l (CI: -0.35 to —0.05), p =
0.003, 15 trials], adolescents [WMD: —0.06 mmol/l (CI: —
0.12 to —0.00), p = 0.03, 10 trials], and children [WMD: —
0.27 mmol/l (CI: —0.47 to —0.08), p = 0.005, 8 trials]. SIT
decreased low-density lipoprotein cholesterol [WMD: —

0.38 mmol/1 (CI: —0.49 to —0.26), p=0.001, 9 trials] in those
with obesity [WMD: —0.28 mmol/I (CI: —0.39 to —0.16), p
=0.001, 13 trials], adolescent [WMD: —0.15 mmol/l (CI: —
0.26 to —0.04), p = 0.005, 10 trials] and children [WMD: —
0.37 mmol/l (CI: —0.59 to —0.15), p=0.001, 7 trials]. High-
density lipoprotein cholesterol was increased by SIT
[WMD: 0.06 mmol/l (CI: 0.04 to 0.09), p=0.001, 9 trials],
in those with obesity [WMD: 0.06 mmol/l (CI: 0.04 to
0.08), p=10.001, 14 trials], adolescent [WMD: 0.09 mmol/l
(CI: 0.008 t0 0.18), p=10.03, 11 trials] and children [WMD:
0.07 mmol/I (CI: 0.05 to 0.10), p = 0.001, 7 trials].

Table 3. Characteristics of participants and exercises.

Source. vear Sample size; sex; Age HIIT Intervention protocol Outcomes
> ¥ allocation (BMI kg/m?) mode (HIIT or SIT vs. MICT and CON)
28 overweight and HIIT:16.4+1.0; HIIT: 2 x six to eight sets of 30-s at 100-110% of maximal
Abassi et al. obesity- feil ales: (32.6+3.6) SIT aerobic speed by 30-s recovery at 50% of maximal aerobic SBP. DBP
(2022) }I]{’CT > CON:16.4+£1.0; speed; 12 weeks treadmill running; supervised 3 d/week. >
(33.2+5.7) CON: without any structure program
60 overweight and HIIT:14.6+2.6; HIIT: 30-min body weight training by 20-s rest intervals be-
Ahmadi et al. obesity: ma%es and (30.0+5.2) HIIT tween each item; 8 weeks body weight; supervised 3 TG, TC, LDL,
(2020) fem};ieS' RCT CON:12.7+2.6; d/week. HDL
i (28.5+6.0) CON: without any structure program
36 1n§e.11.ectua.l dis- HIIT: 18.043.2; HI‘IT: teq sets of 15.—5. at all-out effort by 45-s recovery +10 Glucose, insulin,
abilities with min continuous training + ten sets of 15-s at all-out effort by
Boer et al. X (28.4+4.7) ] . T . HOMA-IR, SBP,
overweight and ] .~ SIT 45-srecovery; 15 weeks cycling/running; supervised 2
(2014) o CON:17.442 4; ’ . X . . DBP, TG, TC,
obesity; males and (26.943.2) d/week. CON: participated in usual everyday scholar activi- LDL. HDL
females; RCT T ties without supervised exercise training ’
:11.0+1.0; . .
HH(;I‘ 1212 3;'0’ HIIT;: eight sets of 2-min at 90% of peak power output by
Gl o QESEET e 5 B W0 Gesey. SBP, DBP, TG,
obesity; males and &  HIITz: eight sets of 20-s at 170% of peak power output by
al. (2018) ) (26.54£3.5) . . TC, LDL, HDL
females; RCT CON:10 61.0: HIIT 10-s recovery; 12 weeks cycling; supervised 3 d/week
(26.143.3) CON: without any structure program
., 28 overweight and HIIT:11.0-13.0; HIIT: 3 x five to ten sets of 10-20-s 100% of maximal aero-
Cvetkovi¢ et . . (26.6+3.4) . . ] . .
obesity; males; ) . SIT bic speed by 3-min recovery; 12 weeks running; supervised SBP, DBP
al. (2018) CON:11.0-13.0; . . .
RCT (25.344.8) 3 d/week. CON: their normal physical education classes
c -6-m1 -0509, =
{79 @i HIIT:8.441.2; HIIT. four to five sets of{l 6 min aF 80-95% (?fHRmax by 1
Delgado- and obesity: males (19.6-23.4) 2-min recovery, and running, jumping, throwing 30-60-s by
Floody et al. s ) o 1~ HIIT 30-60-s recovery; 28 weeks running; supervised 2 d/week SBP, DBP
and females; CON:8.4+1.2; . . .
(2018) CON: 35-min class with group relay exercises,
NRCT (19.3-23.7) o .
pre-sports games, dances, and coordination exercises
67 overweicht and HIIT:7.0-16.0; HIIT: four sets of 4-min at 85-95% of HRmax by 3-min re- Glucose
Dias et al. o & (28.8+3.8) covery at 50-70% of HRmax; 12 weeks cycling; supervised 3 ’
obesity; males and ; . HIIT HOMA-IR, TG,
(2018) females: RCT CON:7.0-16.0; d/week TC. LDL. HDL
i (29.6+4.3) CON: nutrition advice only ’ ’
. 4B e HIIT:6.4+0.6; HIIT: 30.-s high intensity activities t?y 1-m11_1 recovery until
Espinoza . 15-20 min; three to four sets of 4-min activities by 1-2 re-
. and obesity; males (20.3£2.8) o s .
Silva et al. ] . . HIIT covery; 28 weeks activities; supervised 2 d/week SBP, DBP
(2023) e el CON:6.3+0.7, CON: their normal physical education classes based on the
NRCT (16.2+0.9) . .
national curriculum
HIIT: 30-60-s high intensity activities at a rating of 8-10
Espinoza- 274 overweight HIIT:8.1+1.5; BRPE by 1-min recovery until 15-20 min; three to four sets
SP and obesity; males (22.7£3.2) of 4-min activities by 1-2 recovery; 28 weeks activities; su-
Silva et al. . : . HIT . SBP, DBP
(2019) and females; CON:8.1£1.5; pervised 2 d/week
NRCT (22.7£3.2) CON: performed the traditional activities of the official
physical education program
46 normal HIIT:10.8+0.6; HIIT: 2 x 6-min blocks including 20-120-s at maximal ef-
Ketelhut et al. . (1?.614.6) . SIT forts by 30-90-s recovery; 12 weeks running; supervised 2 SBP, DBP
(2020) and fomales: RCT CON:10.7+0.7; d/week
’ (19.7+4.0) CON: maintained daily activities

Abbreviations: HIIT (high intensity interval training), MICT (moderate intensity continuous training), CON (control), VOzmavpeak (maximal or peak oxygen
uptake), HRmaxvpeak (maximal or peak heart rate), HOMA-IR (homeostatic model assessment for insulin resistance), SBP (systolic blood pressure), DBP
(systolic blood pressure), TG (triglyceride), TC (total cholesterol), LDL (low density lipoprotein), HDL (high density lipoprotein), NRCT (nonrandomized
controlled trial), RCT (randomized controlled trial), ND (not-defined)
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Table 3. Continue...

Source. vear Sample size; sex; Age HIIT Intervention protocol Outcomes
»y allocation (BMI kg/m?) mode (HIIT or SIT vs. MICT and CON)
Khaliltah- 38 overweicht and HIIT:12.0+1.0; HIIT: 2-4 x five sets of 30-s at 85-100% of maximal aerobic
masebi of al obesity: n%aleS' (26.2+2.3) SIT speed by 30-s recovery at 50% of maximal aerobic speed; TG, TC, LDL,
’ ; > CON:12.0+1.0; 12 weeks running; supervised 3 d/week HDL
(2022) RCT &, sup
(26.2+2.5) CON: maintained daily activities
HIIT:13.3+0.6; o . 0 . . L
Kranen et al }9 normal (17.4£0.9) HIIT: eight sets of 1-min at 90 A) of max1m?1 aerobic speed Glucose, insulin,
' weights; males; 4 ~in <. HIT by 75-s recovery; 4 weeks running; supervised 3 d/week TG, TC, LDL,
(2023) CON:13.3+0.5
RCT SR CON: maintained daily activities HDL
(18.6£2.5) Y
Martin et al 49 normal HI(I;; 122;3?())'4; HIIT: four to six sprints by 30-s recovery; 7 weeks running; Glucose. insulin
’ weights; males N . SIT supervised 3 d/week u » InSuin,
(2015) . CON:16.8+0.5; . . . HOMA-IR
and females; RCT (22.343.2) CON: standard physical education
HIITgiri:10.0+0.7;
562 normal. over- HH(,II,SS;E%E% 7. HIIT: four sets of 4-min traditional games at 85-90% of
Martinez- S d’ obe- (1%"2 £3 8) o HRmax by 3-min recovery at 65-75% of HRmax; 12 months Glucose, SBP,
Vizcaino et sity: %n ales and fo- CON N 10 0 0.7 HIIT playground games; supervised 4 d/week DBP, TG, TC,
al. (2022) tyl;iales RCT ] (f’;'g ﬂ:é 6) ’ CON: continued with their standard physical education cur- LDL, HDL
’ CO’Nb N 10 1 0.7 riculum throughout the intervention period
0y . g
; (17.943.6)
30 overweieht and HIIT:11.4+0.8; HIIT: eight sets of 15-s at 90-100% of maximal aerobic Glucose, insulin,
Meng et al. obesity: n%aleS' (24.5+1.1) SIT speed by 15-s recovery at 50% of maximal aerobic speed; HOMA-IR, SBP,
(2022) Y ’ CON:11.0+0.7; 12 weeks running; supervised 3 d/week DBP, TG, TC,
RCT
(23.8+0.8) CON: maintained daily activities LDL, HDL
69 normal weight HIIT:13.6+0.9; HIIT: 10-30 s activities over 90% of HRmax by 10-30 s re-
McNarry et healthy and (21.1£3.3) HT SOvery; 6 months circuits and game-based activities; super- SBP, DBP, TG,
al. (2021) asthma; males and CON:13.6+0.9; vised 3 d/week TC, LDL, HDL
females; RCT (21.1£3.3) CON: engaged in their usual day-to-day activities
19 normal HIIT:13.3+0.5; HIIT: eight to twelve sets of 1-min at 90% of maximal aero-
Oliveira et al. . ] ) (ND) bic speed by 75-s recovery; 4 weeks running; supervised 3
(2021) We‘glgsc’}mles’ CON:13.220.5; TT grvveck SBP, DBP
(ND) CON: maintained daily activities
30 overweight and HIIT:11.1«1.0; HIIT: 3 X ten sets of 10-s 100-110% of maximal aerobic
Paahoo et al. obesity: n%aleS' (25.3+1.0) SIT speed by 3-min recovery; 12 weeks running; supervised 3 TG, TC, LDL,
(2021) RyéT * CON:11.240.9; diweek HDL
(25.0+1.9) CON: without any structure program
HIIT:16.241 3: HIIT: four sets of 4-min at 85-90% of HRmax by 3-min re-
Plavsic et al 44 overweight and (32' 6 ﬂ'tz 7)' ’ covery at 70% of HRmax and they were instructed to reduce HOMA-IR, SBP,
’ obesity; females; e e HIIT their caloric intake; 12 weeks uphill treadmill walking/run-  DBP, TG, TC,
(2020) 4 CON:15.5+1.5; P &
RCT A ning; supervised 2 d/week LDL, HDL
(33.243.5) &> Sup
o CON: they were instructed to reduce their caloric intake
y
156207 ] . .
23 overweicht and ng';igz;)j’ HIIT: 2 x six to eight sets of 30-s at 100-110% of maximal Glucose. insulin
Racil et al. obesity: fe%n ales:  C ON:1 s 9 +12:  SIT aerobic speed by 30-s recovery at 50% of maximal aerobic HOM A:IR TG ?
(2013) ol ? PO speed; 12 weeks running; supervised 3 d/week Ny
RCT (2.9£0.2) ) TC, LDL, HDL
szars) CON: without any structure program
HIIT:14.2+1.2; HIIT: 15-s at 100% of maximal aerobic speed by 15-s re-
Racil et al 31 overweight and (3.4+0.4) covery at 50% of maximal aerobic speed until 4-8 min; 12 Glucose, insulin,
obesity; females; :14.241.2; weeks running; supervise wee -IR, R
(2016a)' besity; femal CON:14.2+1.2; SIT k ing; supervised 3 d/week HOMA-IR, SBP
RCT (3.3+0.5) recovery at 50% of maximal aerobic speed until 4-8 min DBP
(Z-score) CON: without any structure program
42 overweight and Hn(géi(?j)l = HIIT: 2 x six to eight sets of 30-s at 100% velocity at
Racil et al. obesity: feil ales:  C ON: 16 6 413 SIT VOzpeak by 30-s recovery at 50% velocity at VOopeak; 12 Glucose, insulin,
weeks running; supervise wee -
(2016b) }l,{’CT i (2.6:1:6 2) = k i ised 3 d/week HOMA-IR
(Z.-scofe) CON: without any structure program
16 normal HIIT:8.6+0.6; HIIT: 4 x five to ten sets of 10-20-s at 100-130% maximal Glucose. SBP
Rosenkranz et weights: males (19.545.3) SIT aerobic speed by 10-20-s recovery; 8 weeks running; super- DBP Té TC’
al. (2012) and fegmal’eS' RCT CON:9.6+1.4; vised 2 d/week LD’L H’DL ’
’ (18.3+2.2) CON: without any structure program ’

Abbreviations: HIIT (high intensity interval training), MICT (moderate intensity continuous training), CON (control), VOzmaxpeak (maximal or peak oxygen
uptake), HRmavpeak (maximal or peak heart rate), HOMA-IR (homeostatic model assessment for insulin resistance), SBP (systolic blood pressure), DBP
(systolic blood pressure), TG (triglyceride), TC (total cholesterol), LDL (low density lipoprotein), HDL (high density lipoprotein), NRCT (nonrandomized
controlled trial), RCT (randomized controlled trial), ND (not-defined)
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Table 3. Continue...
Source. vear Sample size; sex; Age HIIT Intervention protocol Outcomes
»y allocation (BMI kg/m?) mode (HIIT or SIT vs. MICT and CON)
. + .
Salus et al 37 overweight and HI(I;F 0 131;21)'7’ HIIT: four to six sets of 30-s sprint by 4-min recovery; 12 Glucose, insulin,
(20222) ’ obesity; males; C ON'.l 3 7’+ 1 6: SIT weeks cycling; supervised 3 d/week HOMA-IR, TG,
NRCT 3 2 6i. 5_9)' 2 CON: maintained their habitual lifestyle HDL, TC, LDL
. + .
Salus ct al 37 overweight and HI(I;F 0 131;_21)'7’ HIIT: four to six sets of 30-s sprint by 4-min recovery; 12
(2022b) ’ obesity; males; C ON"l 3 7’+ 1 6: SIT weeks cycling; supervised 3 d/week SBP, DBP
NRCT 3 2 6ﬂ; 5_9)' > CON: maintained their habitual lifestyle
LEMrE =1l Glucose, insulin
Tadiotto et al. 37 overweights; (2.4£1.0) HIIT: 3 x four sets ofF{O-s at 80-190% of HRR by 1-min re- HOMA-iR SBPQ
(2023) males and fe- CON:11-16; SIT covery; 12 weeks running; supervised 3 d/week DBP. TG. TC
males; NRCT (2.1+0.8) CON: maintain their usual activities LD’L HbL ’
(Z-score) ’
15 9+1 5- P
42 overweight and HIIT:15.241.5; HIIT: ten sets of 1-min at 80-90% of HRmax by 2-min recov- Glucose, insulin,
Tas et al. . (36.9+6.0) ) . . HOMA-IR,
(2023) obesity; males and CON:15.441.0- HIIT ery; 4 weeks running; superv1s_eq _3 d/week HDL. LDL. TG
females; RCT 3 4 9ﬁ; 5_9)' > CON: maintain their usual activities ’ TC >
. O\{CI‘WEB.Ight agd HIIT:16.1+1.3; HIIT: four sets of 30-s at maximal cycling sprints by 4-min
obesity with Seri- ) . .
Taylor et al. ous mental illness: (26.0+£7.0) gIT lecovery; 8 weeks cycling; supervised 3 d/week SBP. DBP
(2019) males and fe- > CON:15.9£1.1; CON: Treatment included medication, psychiatry sessions, i
males: NRCT (25.4£5.5) art/music therapy, and group talk-therapy
. . HIIT: four sets of 4-min at 90-90% of HRmax by 3-min re-
. HIIT:13.9+0.3; . . S
Tionna ct al 54 overweight and (33.2:6.1) covery at 70% of HRmax; 12 months running; supervised 2 Glucose, insulin,
J (2009) " obesity; males and CON'.14 2.1:0 3. HIIT d/week SBP, DBP, TG,
females; RCT (33' 3 i 4 5)' ’ CON: exercise, dietary and psychological advice, twice a HDL
T month
:111.1+0.8; .
e 5.8 no_rmal HIIT:11.120.8; HIIT: ten sets of 1-min over 80% of HRmax by 75-s recovery I
van Biljon et weights; males (18.5+3.2) o ) . . Glucose, insulin,
al. (2018) and females: CON:11.140 8: HIIT under 70% of HRmax; 5 weeks running; .superws?d 3 d/week SBP. DBP
’ NRCT ? (20' 3 B 7)' ? CON: was not exposed to any exercise intervention ’ ’
s 20 normal HIIT:11.8+0.2; HIIT: six to eight sets of 10-s sprint by 50-s recovery; 2 . .
Williams et S . (17.8+£2.2) S . Glucose, insulin,
al. (2022) weights; females; CON:11.6£0.4: SIT weeks running; superylsed 3 d/wgek HOMAL-IR
) RCT (18' 5 1.3 O). ’ CON: maintained their habitual lifestyle

Abbreviations: HIIT (high intensity interval training), MICT (moderate intensity continuous training), CON (control), VOzmaypeak (maximal or peak oxygen
uptake), HRmaxpeak (maximal or peak heart rate), HOMA-IR (homeostatic model assessment for insulin resistance), SBP (systolic blood pressure), DBP
(systolic blood pressure), TG (triglyceride), TC (total cholesterol), LDL (low density lipoprotein), HDL (high density lipoprotein), NRCT (nonrandomized
controlled trial), RCT (randomized controlled trial), ND (not-defined)

Model

Random

Study name Statistics for each study Difference in means and 95% Cl
Difference  Standard Lower Upper
inmeans error  Varance limit  limit Z-Value p-Value
Boeretal 2014 0.000 0125 0016 D245 0245 0000 1.000
Diasetal 2018 0.060 013 0017 0197 0317 0457 0647
Kranen et al. 2023 0,040 0.326 0106 0879 0599 0123 0802
Martin et al. 2015 0.180 0.164 0027 0501 0141 1100 0271
Martinez-Vizcaino et al. 2022 0.200 0.063 0004 0077 0323 3195 0.001
Meng et al. 2022 0.400 0.142 0.020 D679 0121 -2809 0005 E
Racil et al. 2013 0.000 0.189 0036 0370 0370 0000 1.000
Racil etal. 2016 a 0.200 0.156 0024 0506 0106 -1279 0201
Racil etal. 2016 b <0.300 0129 0017 0553 0047 -2320 0020
Rosenkanz et al. 2012 0.100 0.328 0108 0543 0743 0305 0760
Salusetal 2022 2 0.030 0.140 0020 0304 0244 0215 0830
Tadiotto et al. 2023 0.100 0.150 0023 0195 0395 0665 0506
Tasetal 2023 0.200 1.387 1925 2919 2519 0144 0885
Tjenna et al. 2009 0.100 0.132 0017 0359 0159 0758 0448
van Biljon et al. 2018 0.300 0.126 0016 0548 0052 -2372 0018 L g
Wiliamset al. 2022 0.000 0.170 0029 0332 0332 0000 1.000
0.074 0.0586 0003 0184 0036 -1323 018
4.00 -2.00 0.00 2.00
Favours A Favours B

Figure 2. Forest plots of the effect of high intensity interval training versus Control group on fasting glucose.



698

HIIT and cardiometabolic health

Model Study name Statistics for each study Std diff in means and 95% Cl
Std diff Standard Lower Upper
inmeans  emor  Variance limit  limit ZValue p-Value
Boeretal. 2014 0873 0378 0143 1613 0133 2313 0021 —E—
Kranen et al. 2023 0677 0472 0223 0249 1603 1433 0152 ——
Martin et al. 2015 -1.708 0384 0148 -2461 0955 4445 0.000 ——
Meng et al. 2022 1210 0435 0190 -2083 0357 2779 0005 ——
Racil etal. 2013 2434 0550 0303 -3513 -1.355 4422 0000 ——
Racil etal. 2016 a 2700 0498 0248 3676 -1.724 5424  0.000 —i
Racil etal. 2016 b -2.485 0412 0170 -3292 -1678 6034 0000 —
Salusetal 2022a 0.142 0378 0143 0509 0884 0376 0707 I
Tadiottoetal. 2023 0149 0345 0119 0825 0526 0433 0665
Tasetal. 2023 0.287 0444 0197 1157 0583 0646 0518 ——
Tjenna et al. 2009 0422 0389 0152 -1.185 0342 -1.083 0279 —
vanBilionetal. 2018 0711 0284 0081 0154 1260 2500 0012 —-
Wiliamset al. 2022 0.274 0502 0252 0711 1258 0545 058 —i—
Random 0784 0324 0105 -1419 0150 2423 0015 e -
4,00 2,00 0.00 2.00 4.00
Favours A Favours B
Figure 3. Forest plots of the effect of high intensity interval training versus control group on fasting insulin.
Model  Study name Statistics for each study Std diff in means and 95% CI
Std dif  Standard Lower Upper
inmeans  error  Variance limit limit ZValue p-Value
Boeret al. 2014 0.883 0378 0143 1624 0142 2336 0019 E 2
Diasetal. 2018 0.039 0.345 0.119 0638 0716 0112 0911
Martin et al. 2015 4426 0611 0373 5623 -3229 -7.248 0.000 ——
Meng et al. 2022 -1.354 0444 0197 -2224 0485 3052 0002 5 =
Plavscetal 2020  -0.461 0305 0093 -1060 0137 -1510 0131
Racil etal. 2013 -1.710 0488 0238 -2666 0754 -3506 0.000 -
Raciletal.2016a  -1.985 0440 0194 2848 -1122 4500 0.000 -
Raciletal. 2016b  -2.049 0382 0146 -2798 -1300 -5381  0.000 E =
Salusetal 2022a 0.134 0378 0143 -0608 0876 0354 0723
Tadiottoetal 2023 -0.138 0345 0119 0813 0538 0399 0690
Tasetal. 2023 0.278 0444 0197 -1148 0592 0627 0531
Wiliamsetal 2022 0296 0503 0253 -0689 1281 0588 055
Random -1.019 0319 0102 1645 0394 -319% 0.001 <&
4.00 4.00 0.00 4.00 8.00
Favours A Favours B

Figure 4. Forest plots of the effect of high intensity interval training versus control group on insulin resistance.

Blood pressure

Figures 9 and 10 depict the changes in systolic blood pres-
sure and diastolic blood pressures following HIIT com-
pared to the control group. Overall, HIIT significantly de-
creased systolic blood pressure [WMD: —2.35mm Hg (CI:
-3.79t0-0.91), p=0.001, 24 trials], but not diastolic blood
pressures [WMD: —0.92 mm Hg (CI: -2.31 to 0.47), p =
0.19, 24 trials]. Significant heterogeneities existed between
systolic blood pressure studies (12=40.68, p = 0.02) and di-
astolic blood pressures (1> = 60.11, p = 0.001). Visual in-
terpretation of the funnel plot and Egger’s test did not sug-
gest publication bias for systolic blood pressure (p=0.74),
and only Visual interpretation of the funnel plot showed
publication bias for diastolic blood pressures (Egger’s test

p = 0.90). The sensitivity of analyses shows that the exclu-
sion of studies on overall effect sizes was not significant.
However, removing non-randomized studies led to a sig-
nificant effect size for diastolic blood pressures [WMD: —
1.90 mm Hg (CI: =3.71 to —0.10), p=0.03, 14 trials]. The
sensitivity of analyses shows that excluding non-random-
ized studies on overall effect sizes was insignificant. In ad-
dition, the sensitivity of analyses by removing studies with
a high risk of bias did not change the significance.
Subgroup analysis. After analyzing the different
subgroup analyses, systolic blood pressure was decreased
by SIT [WMD: -3.97 mm Hg (CI: —6.33 to —1.61), p =
0.001, 11 trials] and in those with obesity [WMD: —3.30
mm Hg (CI: 4.79 to —1.81), p = 0.001, 18 trials] and
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children [WMD: -1.79 mm Hg (CI: -3.13 to —0.45), p =
0.008, 13 trials] and tended to significant in adolescents
[WMD: -2.69 mm Hg (CI: -5.53 to 0.14), p = 0.06, 11
trials]. Subgroup analyses show that diastolic blood pres-
sure only was decreased by SIT [WMD: —2.22 mm Hg (CI:
—3.97 t0 —0.47), p=0.01, 11 trials].

Discussion

The present meta-analysis analyzed glycemic markers, li-
pid profiles, and blood pressure to determine the impact of
HIIT on cardiometabolic health in children and adolescents

by analyzing glycemic markers, lipid profiles, and blood
pressure. Our results demonstrated the broad efficacy of
HIIT, with significant improvements in insulin and insulin
resistance, triglyceride, total cholesterol, low-density lipo-
protein cholesterol, high-density lipoprotein cholesterol,
systolic blood pressure, and diastolic blood pressure in the
mentioned categories. Importantly, subgroup analysis re-
vealed SIT as a highly effective modality of HIIT in mod-
ulating the mentioned variables. These findings reinforce
the significance of HIIT in regulating cardiometabolic
health.

Model Study name Statistics for each study Difference in means and 95% Cl
Difference  Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Ahmadi et al. 2020 0.270 0.156 0024 -0575 0035 -1.734 0083 —a—
Boeretal 2014 -0.080 0228 0052 0527 0367 0351 0728 ——
Chuengri etal. 2017 a 0.430 0.208 0043 0838 0022 2088 0039 ——
Chuensii etal. 2017 b 0.290 0.186 0035 -0654 0074 -1.560 0.119 —
Diaset al. 2018 0.220 018 0034 -0584 0144 -1185 0238 —_—
Khaliltahmasebi et al. 2022 -0.200 0.143 0020 -0479 0079 -1403 0.161 —.—t
Kranen et al. 2023 0650 0321 0103 -1279 0021 2025 0043
Martinez-Vizcaino et al. 2022 0.040 0.055 0003 -0068 0148 0726 0468
Meng et al. 2022 0.400 0189 0036 0771 0029 2112 0035
McNany et al. 2021 0.100 0.169 0029 0431 0231 L0592 0554
Paahoo et al. 2021 -0.380 0.118 0014 -0621 0159 3312 0.001 e
Plavsc et al. 2020 -0.080 0.108 0011 D297 0117 0851 0395
Racil et al. 2013 0.070 0.037 0001 -0.143 0003 -1.878 0.0860
Rosenkranz et al. 2012 0.230 0244 00680 0708 0248 0943 0346 —_—
Saluset al. 2022 a 0.280 0.224 0050 -0.158 0718 1253 0210 -
Tadiotto et al. 2023 0.070 0161 0026 -0245 0385 0435 0663
Tasetal 2023 0.200 0.197 0039 -0D186 0586 1015 0310
Tienna et al. 2009 0.070 0273 0075 0466 0606 0256 0798
Random 0127 0.044 0002 -D214 0040 -2858 0.004
2,00 .00 0.00 1.00 2.00
Favours A Favours B
Figure 5. Forest plots of the effect of high intensity interval training versus control group on triglyceride.
Model Study name Statistics for each study Difference in means and 95% Cl
Difference  Standard Lower Upper
inmeans error  Variance limit  limit Z-Value p-Value
Ahmadi et al. 2020 0.280 0.242 0058 L0754 0194 -1.159 0247 —1
Boeretal. 2014 0.450 0.240 0058 0921 0021 -1874 0061 —lG—
Chuensri etal. 2017 a 0.550 0.407 0165 -1.347 0247 -1.352 0.176 -
Chuensri etal. 2017 b 0.390 0.372 0139 -1.120 0340 -1.048 0295 =
Diasetal 2018 <0.380 0.260 0058 0900 0120 -1.500 0.134 b o
Khaliltahmasebi et al. 2022 0.340 0.222 0049 0774 0094 -1.534 0.125 —a—t
Kranen et al. 2023 0.070 0.230 0053 0520 0380 0305 0.760
Martinez-Vizcaino et al. 2022 0.150 0.097 0008 0041 0341 1542 0123
Meng et al. 2022 0.200 0223 0050 0637 0237 0897 0370
McNany et al. 2021 <0.100 0.175 0031 0443 0243 0572 0.568
Paahoo et al. 2021 0.800 0099 0010 0794 0406 6071 0000 -
Plavsicetal. 2020 0120 0208 0043 0528 0288 0576 0565
Racil etal. 2013 0.230 0.110 0012 0445 0015 -2006 0036
Rosenkranz et al. 2012 <0.630 0.283 0080 -1.184 0076 -2227 0.026 -t
Saluset al. 2022 a 0.120 0224 0050 0318 0558 0537 059
Tadiotto et al. 2023 0.220 0.245 0080 0700 0260 -0898 0369
Tasetal. 2023 0.000 0.310 009 0608 0608 0000 1.000
Random 0.232 0.075 0006 <0378 0085 -3103 0.002 L 2
-2.00 -1.00 0.00 1.00 2.00
Favours A Favours B

Figure 6. Forest plots of the effect of high intensity interval training versus control group on total cholesterol.
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Model S name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper

in means ermor Variance  limit limit Z-Value p-Value

Ahmadi et al. 2020 0.050 0.1786 0031 0295 0395 0284 0777
Boeretal. 2014 0.340 0.158 0025 0651 0029 2146 0032
Chuengrni et al. 2017 a 0.430 0.283 0080 0985 0125 -1518 0128
Chuendri etal 2017 b 0.430 0.269 0073 0958 0098 -1596 0110
Diaset al. 2018 0.220 0.217 0047 0845 0205 -1.015 0310
Khaliltahmasebi et al. 2022 0.260 0.200 0040 08652 0132 -1299 0.194
Kranen et al. 2023 0.020 0238 0057 0447 0487 0.084 0933
Martinez-Vizcaino et al, 2022 -0.000 0.020 0008 0176 0176 0000 1.000
Meng et al. 2022 £0.500 0.162 0026 0818 0182 3085 0002
McNamy et al. 2021 0.100 0.124 0015 0343 0143 0808 0420
Paahoo et al. 2021 0.480 0.062 0004 0602 0358 -7.733 0.000
Plavsic et al. 2020 -0.140 0.191 0036 0513 0233 0735 0482
Racil etal. 2013 0.290 0.124 0015 <0533 0047 2335 0020
Rosenkanz et al. 2012 £0.760 0.257 0066 -1263 0257 2963 0003
Salusetal. 2022 a 0.010 0.198 0039 0398 0378 0051 090
Tadiotto et al. 2023 0.210 0219 0048 0638 0218 D91 0.337
Tasetal 2023 0.000 0.221 0.049 0434 0434 0000 1.000
Random 0.234 0.061 0.004 0352 D115 -3857 0.000

2.00 -1.00 0.00 1.00 2.00
Favours A Favours B

Figure 7. Forest plots of the effect of high intensity interval training versus control group on low-density lipoprotein cholesterol.

Model Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper

in means error  Variance  limit limit ZValue p-Value
Ahmadi et al. 2020 0120 0.084 0007 0044 0284 1434 0152
Boeret al. 2014 0.210 0.132 0017 0048 0468 1594 01N
Chuensri etal. 2017 a 0.090 0.135 0018 0354 0174 0667 0504
Chuensri etal. 2017 b 0.050 0126 0016 0287 0197 0397 0691
Diaset al. 2018 0.050 0.089 0008 0224 0124 0564 0573
Khaliltahmasebi et al. 2022 0.070 0112 0012 0148 0289 0627 0531
Kranen et al. 2023 0.050 0.135 0018 0214 0314 0372 0710
Martinez-Vizcaino et al. 2022 0.100 0.055 0003 0007 0207 1828  0.067
Meng et al. 2022 0.100 0.093 0009 0083 0283 1072 0284

Mchary et al. 2021 0.600 0.102 0011 0388 0801 5.855  0.000 ——
Paahoo et al. 2021 0.080 0.014 0000 0053 0107 5754 0.000
Plavsc et al. 2020 0.050 0.084 0007 0115 0215 05985 0552
Racil etal. 2013 0.050 0.025 0001 0002 0098 2033 0042
Rosenkanz et al. 2012 0170 0.197 0039 D216 0556 0862 0388
Salusetal. 2022 a 0.020 0.064 0004 0146 0106 0312 0755
Tadiotto et al. 2023 0.050 0.083 0007 0212 0112 0604 0546
Tasetal. 2023 0.000 0.089 0008 -0.174 0174 0000 1.000
Tjenna et al. 2009 0.090 0.103 0011 0113 0293 0870 0384
Random 0.071 0.025 0001 0023 0120 2870 0.004

-2.00 -1.00 0.00 1.00 2.00
Favours A Favours B

Figure 8. Forest plots of the effect of high intensity interval training versus control group on high-density lipoprotein choles-
terol.

Elevated fasting blood glucose and insulin levels
are widely recognized as established factors that increase
the risk of developing metabolic disorders (Martin et al.,
2015). Following analysis of randomized-controlled trials,
our findings indicate a statistically significant decrease in
insulin levels (12 studies) and insulin resistance (11 stud-
ies) in children and adolescents following HIIT. More im-
portantly, the majority of these studies have employed SIT
as an interval intervention, highlighting its strong influence
in modulating these metabolic indicators. However, glu-
cose levels only decreased in response to SIT and exhibited
an unresponsiveness to HIIT, demonstrating the ineffec-
tiveness of HIIT in targeting this metabolic marker. In a

recent meta-analysis investigating the effects of HIIT on
cardiometabolic risk factors in childhood obesity, Zhu and
colleagues 2021) have reported that HIIT is effective in
fasting Insulin and Insulin sensitivity. In another meta-
analysis of randomized controlled trials, Cao and col-
leagues (2021) found no statistically significant difference
between HIIT and moderate-intensity continuous training
on in fasting Insulin and Insulin sensitivity in overweight
and obese children. However, the mentioned studies ha-
ven’t specified interval intervention modality (i.e., HIIT vs.
SIT). Our results indicated that studies employing SIT in-
terventions observed suitable modulation in metabolic bi-
omarkers mentioned above. A growing body of studies
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exploring the effects of high-intensity interval interven-
tions on improving metabolic health has argued the poten-
tial mechanism affecting insulin sensitivity following such
interventions (Gillen and Gibala, 2014; Gibala, 2018; Ryan
et al., 2020). In line with early studies (Fell et al., 1982;
Bogardus et al., 1983), Ryan and colleagues (2020) re-
cently indicated that the post-exercise decrease in muscle
glycogen content could be considered the main contributor
to the short-lived improvement in insulin sensitivity which
could also be known as the acute effects of the most recent
exercise training. This effect may persist for at least a few
days after exercise. Long-term metabolic adaptations in

skeletal muscles could result from enhanced oxidative ca-
pacity and mitochondrial respiratory protein abundance
(Ryan et al., 2020; Kelley et al., 1999; Goodpaster et al.,
2003; 2013; Holloszy, 2009; 2013; Muoio and Neufer,
2012). Research has indicated that insulin-sensitive popu-
lations possess higher mitochondrial density than insulin-
resistant individuals, and a training-induced increase in this
factor and oxidative capacity may influence insulin sensi-
tivity (Goodpaster, 2013). According to proponents of this
theory, high mitochondrial density may be associated with
an increased fat-burning ratio at rest (Kelley et al., 1999;
Goodpaster et al., 2003).

Model Study name Statistics for each study
Difference Standard Lower Upper
in means error Variance  limit limit
Abass et al. 2022 -3.000 1.228 1.508 -5.407 -0.593
Boeret al. 2014 -12.000 3446 11.875 -18.754 5246
Chuensn etal. 2017 a -3.000 7.152 51.150 A7.017 11.017
Chuendri etal. 2017 b -11.000 6.656 44.304 24045 2.046
Cvetlovi? et al. 2018 -8.060 5500  30.250 -18.840 2720
Delgado-Floody et al. 2018 a 2.800 4.457 19.868 -5.936 11.536
Delgado-Floody et al. 2018 b 3.150 5.052 25520 6751 13.051
Delgado-Floody et al. 2018 ¢ -2.390 2,858 8167 7991 3211
Delgado-Floody et al. 2018d -1.510 3.437 11.811 8246 5226
Espinoza Silva et al. 2023 -2.150 1.287 1656 4672 0372
Espinoza Silva et al. 2019 -2.360 1.916 3872 £116 1396
Ketelhut et al. 2020 -5.200 3222 10.382 -11.515 1.115
Martinez-Vizcaino et al. 2022 0.490 1.323 1.751 2104 3.084
Meng et al. 2022 £.000 2178 4.745 10268 1731
McNany et al. 2021 5.000 2625 6.890 -0.145 10.145
Oliveira et al. 2022 -0.300 3879 15049 -7.903 7.303
Plavacet al. 2020 -5.500 2334 5448 10075 0925
Radl etal. 2016 a -5.000 2.309 5.331 -10.526 -1.474
Rosenkanz et al. 2012 -0.300 1.847 3793 <4117 3517
Saluset al. 2022 b 6.000 5222  27.268 4.235 16.235
Tadiotto et al. 2023 1.500 3.939 15517 6220 9.220
Tayloretal. 2019 -2.160 3825 14,628 9656 5336
Tjenna et al. 2009 -2.700 4,606 21.216 -11.728  6.328
van Biljon et al. 2018 -3.370 3.481 11.979 -10.154 3414
Random -2.354 0.733 0538 3791 0916

Difference in means and 5% Cl
Z-Value p-Value

2443 0015 -
-3.482 0.000 —_—l—
0419 0675 -

-1.653 0.098
1465 0143 -

0628 0.530

0624 0.533 =
0838 0403 —_—
-0.439 0.660 —_——
1671 0.095 —
-1.232 0218 ——
-1.614 0107 o

0.370 0711
2754 0006 —a—

1.805 0.057
0077 0.938
-2.356 0018 —a—
-2.599 0.009 +—=—
0154 0.878

1148 0.251

0.381 0.703 -
0565 0572 -
0.588 0.558
0974 0.330 =
3209 0.0

20.00 10.00 0.00 10.00 20.00
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Figure 9. Forest plots of the effect of high intensity interval training versus control group on systolic blood pressure.
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Boeretal. 2014

Chuensri etal. 2017 a
Chuensdri etal. 2017 b
Cvetlovi? et al. 2018
Delgado-Floody etal. 2018 a
Delgado-Floody et al. 2018 b
Delgado-Floody et al. 2018 c
Delgado-Floody et al. 2018 d
Espinoza Silva et al. 2023
Espinoza Silva et al. 2019
Ketelhut et al, 2020
Martinez-Vizcaino et al. 2022
Meng et al. 2022

McNany et al. 2021

Qliveira et al. 2022

Plavsc et al. 2020

Racil etal. 2016 a
Rosenkranz et al. 2012
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Tadiotto et al. 2023
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in means
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Statistics for each study Difference in means and 95% Cl
Lower Upper
error Variance  limit limit ZValue p-Value
1.651 2727 4137 2337 0545 0.585
2.357 55856 -1.620 7620 1273 0203
3.576 12,787 -8.009 6.009 -0.280 0.780
3605 12999 -13.066 1.0686 -1.664 0.085 —
4.533 20546 -17.954 01856 2001 0.045
3.548 12591 7445 64865 0138 0890
6.118 37436 £922 17082 0829 0407 o
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Favours A Favours B

Figure 10. Forest plots of the effect of high intensity interval training versus control group on diastolic blood pressure.
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Bioactive fatty acid metabolites can induce insulin re-
sistance by activating proinflammatory pathways (Schenk
and Horowitz, 2007). Enhanced fat oxidation could limit
the accumulation of bioactive lipid species and prevent a
direct hindrance to insulin signaling (Goodpaster, 2013).
However, despite the positive effects of exercise on mito-
chondrial density, research indicates unaltered resting fat
oxidation after the training (Kanaley et al., 2001; Van Ag-
gel-Leijssen et al., 2002), making this hypothesis contro-
versial (Ryan et al., 2020). Overall, the exact mechanisms
underlying these effects still need to be fully understood,
and further research is warranted to elucidate the relation-
ship between HIIT and insulin sensitivity.

Modified lipid profile is another positive effect of
HIIT, which our findings support. Statistically significant
improvements in triglycerides, total cholesterol, high-den-
sity lipoprotein cholesterol, and low-density lipoprotein
cholesterol in children and adolescents reinforce previous
systematic review and meta-analysis of randomized con-
trolled trials demonstrating HIIT's effects on the mainte-
nance of optimal health (Edwards et al., 2023). However,
our findings do not comply with Batacan and colleagues'
study (2017), which could result from including recently
published studies in our work and excluding non-random-
ized trials. The most remarkable effects of SIT on lipid pro-
file highlight the effectiveness of this training modality,
which hasn’t been specified with the previous investiga-
tions. Previous meta-analyses have confirmed a dose-de-
pendent association between elevated triglyceride (Liu et
al., 2013), low-density lipoprotein cholesterol, and de-
clined high-density lipoprotein cholesterol levels (Jung et
al., 2022) with higher risks of cardiovascular disease and
all-cause mortality. By enhancing catecholamines and
growth hormone levels (Langin, 2006; Trapp et al., 2007),
HIIT stimulates lipolysis of adipose and increases free fatty
acid availability to be utilized by active muscles (Dias et
al., 2018; Burguera et al., 2000). Enhanced the capacity of
the skeletal muscles in utilizing lipids, reduces plasma lipid
levels (Earnest et al., 2013) and improves lipid profile
(Mann et al., 2014). The mechanism may also include an
elevation in lecithin cholesterol acyltransferase (LCAT)
(an enzyme transferring ester to high-density lipoprotein
cholesterol [Calabresi and Franceschini, 2010]), which is
increased in response to HIIT (Rahmati-Ahmadabad et al.,
2018; Lira et al., 2019). “The cholesterol removal process
is known as reverse cholesterol transport” (Mann et al.,
2014). Cholesterol is removed from circulation through
this process for disposal, which, in turn, is a result of an
increase in LCAT and a decrease in cholesterol ester trans-
ferring protein (a responsible enzyme for transferring high-
density lipoprotein cholesterol to other lipoproteins) in re-
sponse to HIIT (Lira et al., 2019). The increased enzyme
activity mentioned above following HIIT elevates the abil-
ity of active muscles in fatty acids oxidization originating
from plasma, triglyceride, and low-density lipoprotein cho-
lesterol (Mann et al., 2014; Shaw et al., 2009) and improves
lipid profile.

Significant improvements were also observed in
blood pressure after HIIT. Since hypertension remains the
primary modifiable risk factor for cardiovascular disease

and all-cause mortality (Lim et al., 2012), the significant
decreases observed due to HIIT hold essential clinical sig-
nificance (Edwards et al., 2023). Analyses of 24 random-
ized-controlled trials indicated that various HIIT forms sig-
nificantly decrease systolic blood pressure. However, dias-
tolic blood pressure only decreases with SIT, indicating the
importance of this training modality on blood pressure. In
line with our findings, other meta-analyses have shown the
positive effects of interval interventions on lowering blood
pressure (Cao et al., 2021; Zhu et al., 2021). However, our
study specifically focused on the effects of different inter-
val interventions (HIIT vs. SIT) on blood pressure in this
category, and indicated the effects of SIT on diastolic blood
pressure. Studies have indicated that the change in blood
pressure in healthy individuals with normal blood pressure
is short-lived and an acute effect of the most recent exercise
training (Whyte et al., 2010; Rossow et al., 2010; Burns et
al., 2012). By contrast, improved blood pressure following
HIIT could be more long-lasting in hypertensive subjects
(Chuensiri et al., 2018). Improved endothelial function by
HIIT is one of the main contributing factors in chronically
reducing blood pressure (Ciolac et al., 2010). Several HIIT
studies have reported reduced arterial stiffness (AS) indi-
cated by measuring brachial-ankle pulse wave velocity
(Chuensiri et al., 2018; Ciolac et al., 2010; Guimaraes et
al., 2010). More intensive interventions may result in a
greater effect on AS reduction in people already exhibiting
some alterations in vascular elasticity (Ciolac et al., 2010).
Mechanisms underpinning the reduction in AS by HIIT are
not fully elucidated. However, such a change could be me-
diated by “the removal of chronic restraint on the arterial
smooth muscle cells provided by the sympathetic adrener-
gic vasoconstrictor tone (Sugawara et al., 2009) as well as
endothelin-1” (Maeda et al., 2009). Accumulative evidence
indicated vascular reactivity through exercise-induced
blood flow and shear stress (Ciolac et al., 2010; Niebauer
and Cooke, 1996). Endothelium-dependent vasodilation is
mediated by upregulated expression of mRNA for nitric
oxide (NO) synthesis in endothelial cells exposed to lami-
nar shear stress through long-term change in blood flow by
HIIT (Sessa et al., 1992; Noris et al., 1995). Long-term
change in flow could also mediate vascular remodeling by
enlarging vessels, changing vascular structure (Niebauer
and Cooke, 1996), and decreasing blood pressure.

Clinical implications

The clinical implications of our study underscore the trans-
formative potential of high-intensity interval training in en-
hancing cardiometabolic health among children and ado-
lescents. Through a comprehensive meta-analysis, we ob-
served substantial improvements in insulin levels, insulin
resistance, lipid profiles, and blood pressure, with sprint in-
terval training emerging as particularly efficacious. These
findings align with and bolster current guidelines advocat-
ing for vigorous physical activity to mitigate cardiometa-
bolic risks in youth. Integrating HIIT, especially SIT, into
pediatric exercise regimens can significantly improve met-
abolic markers, offering a promising strategy to reduce the
long-term risk of cardiovascular diseases in this vulnerable
population.
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Limitations

Our study has several limitations that should be considered
when interpreting results. There were significant heteroge-
neities for several outcomes. The HIIT type, age, and BMI
of participants may be the source of heterogeneity. In ad-
dition, the present meta-analysis was not limited to non-
randomized trials where these types of studies have less
clinical value. However, we performed subgroup analysis
based on the type of studies, and our result remained sig-
nificant.

Conclusions

Our findings indicate the wide-ranging effectiveness of
high-intensity interval training, resulting in significant en-
hancements in insulin levels, insulin resistance, triglycer-
ides, total cholesterol, low-density lipoprotein, high-den-
sity lipoprotein, systolic blood pressure, and diastolic
blood pressure within the specified categories. Sprint inter-
val training emerged as an exceptionally potent form of
HIIT for influencing these parameters when we analyzed
subgroups. These results underscore the importance of
HIIT in managing cardiovascular and metabolic health,
highlighting its apparent potential for incorporation into
guidelines and clinical practice.
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Key points

e This study indicates broad efficacy of HIIT, with significant
improvements in insulin and insulin resistance, triglycer-
ide, total cholesterol, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, systolic blood
pressure, and diastolic blood pressure in the mentioned cat-
egories.

o Importantly, subgroup analysis revealed SIT as a highly ef-
fective modality of HIIT in modulating the mentioned vari-
ables.

o Integrating HIIT, especially SIT, into pediatric exercise reg-
imens can significantly improve metabolic markers, offer-
ing a promising strategy to reduce the long-term risk of car-
diovascular diseases in this vulnerable population.
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