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Abstract: Enhancing cardiorespiratory fitness (CRF) can lead to substantial health benefits. Comparisons
between high-intensity interval training (HIIT) and moderate-intensity continuous training (MICT)
on CREF for children and adolescents are inconsistent and inconclusive. The objective of this study
was to perform a meta-analysis to compare the effects between HIIT and MICT on CRF in children
and adolescents. We searched MEDLINE, PubMed, Web of Science, and Google Scholar to identify
relevant articles. The standardized mean differences (SMD) and 95% confidence intervals (95% CI)
were calculated to determine the pooled effect size of HIIT and MICT on CRE. A total of 563 subjects
from 17 studies (18 effects) were identified. The pooled effect size was 0.51 (95% CI = 0.33-0.69)
comparing HIIT to MICT. Moreover, intervention duration, exercise modality, work and rest ratio,
and total bouts did not significantly modify the effect of HIIT on CRF. It is concluded that compared
with endurance training, HIIT has greater improvements on cardiorespiratory fitness among children
and adolescents.
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1. Introduction

Cardiorespiratory fitness (CRF) is an objective reproducible physiological measure that reflects
the functional influences of physical activity habits, genetics, and disease status [1]. The gold standard
of CRF is considered as maximal oxygen uptake [2], which can be measured by using maximal graded
cardiorespiratory test [3] or by using an indirect calculating method to estimate maximal oxygen
uptake [4]. There is strong and consistent evidence from epidemiological studies that low CRF is
associated with higher morbidity and mortality from all causes, including cardiovascular disease
(CVD) and cancer [3]. Furthermore, higher levels of CRF in childhood and adolescence are associated
with a healthier cardiovascular profile later in life [5]. However, the current status of CRF for children
and adolescents is not optimistic, since a follow-up study reported that the CRF of 25.4 million people
aged 6 to 19 years from 27 countries declined by 3.6% per decade from 1958 to 2003 [4]. Therefore, as
the number of children and adolescents with low CRF gradually increases [6], effective interventions
targeted at promoting the development of CRF in this population are particularly important.

High-intensity interval training (HIIT) refers to intermittent exercise that involves alternating short
bursts of high-intensity activity with lower-intensity activity for recovery or rest [7,8]. Previous evidence
indicated that traditional moderate-intensity continuous training (MICT) and HIIT can both increase
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CREF [9], which relate to benefits in CVD factors and all-cause mortality [10]. In recent years, a number
of experimental studies compared the effects of HIIT and MICT on CRF in children and adolescents,
but the findings were inconsistent and inconclusive. Some intervention studies demonstrated that
HIIT intervention stimulated significant increases in relative CRF when compared with MICT [11-14],
while other studies did not observe any difference between these two methods [15-28]. Although there
have been some systematic review suggested that the effect of HIIT on CRF is better than MICT [29,30],
they focused on obese populations [30], or compared effect sizes with a non-exercise control group
rather than a MICT group [31]. Up to now, no quantitative review has been conducted to compare the
effect of HIIT versus MICT on CRF in children and adolescents.

Therefore, our aim was to review existing evidence of the effects of HIIT versus MICT on improving
CREF in healthy children and adolescents and identify potential moderators of intervention effects. The
findings will provide theoretical reference and suggestions for future intervention strategies of CRF in
children and adolescents.

2. Methods

2.1. Search Strategy

In line with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis)
Statement guidelines [32], a literature search was conducted for randomized controlled trials (RCTs)
or controlled trials studying the effects of HIIT interventions on cardiorespiratory fitness. Electronic
database searches were performed using PubMed, MEDLINE, Web of Science, and Google Scholar
up to February 18 2019. Articles were searched by using the following search criteria: (high intensity
interval OR high-intensity interval OR high intensity intermittent OR high-intensity intermittent OR
sprint interval OR HIIT OR HIIE) AND (cardiorespiratory fitness) OR maximal oxygen uptake OR
peak oxygen uptake OR VO2max OR CRF) AND (children [MeSH] OR adolescen* [MeSH] OR boy OR
girl OR youth [MeSH] OR kids OR student*) AND English [lang].

The literature search, quality assessment, and data extraction were conducted independently
by two authors (M.C. and M.Q.). Initially, studies that were clearly not relevant were removed
before assessing all other titles and abstracts using pre-determined inclusion and exclusion criteria.
Subsequently, the reviewers independently reviewed the full text of potentially eligible papers, such
that each paper was reviewed in duplicate. Any disagreement between the reviewers for inclusion
was resolved through group discussion (with the third reviewer J.Z.).

2.2. Eligibility Criteria and Selection

Studies were considered to be eligible for inclusion according to the following criteria: (1)
Participants were untrained children and adolescents aged between 6 and 17 years; (2) Participants
were healthy and not suffering from any kind of acute or chronic diseases; (3) Randomized or
non-randomized controlled trials of >2 weeks [33]; (4) Included HIIT group and MICT group. MICT
was classified as moderate-intensity as defined as an intensity that elicits a heart rate response of
55-69% HRmax or 40-59% VOZmax [7], HIIT intensity was classified as “all-out”, “maximal effort”,
“>90% VOZpeak” [34], “85-95% HRmax” [35] or “>100% maximal aerobic speed (MAS) [36]; (5) The

outcome measures for this meta-analysis were CRF related markers, such as VOZmaX, VOzpeak, bouts of
20 meters shuttle run test (20mSRT), and Yo-Yo test distance; (6) Written in English.

The exclusion criteria were as follows: (1) Uncontrolled and cross-sectional studies; (2) Performed
on adults or animals; (3) Did not report the outcomes of CRF. Unpublished documents and grey
literature like conference papers, dissertations, and patents were excluded as well.

2.3. Data Extraction and Quality Assessment

Cochrane Consumers and Communication Review Group’s data extraction protocol [37] was used
to extract participant information including sample size, age, sex, and weight status, characteristics of
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intervention (including exercise intensity, frequency, duration and modality), study design, and study
outcomes. CRF data were extracted in the forms of pre- and post-training intervention means, and
standard deviations (SDs). Dependent variables included VOZmaX or VOZpeak reported in mL/kg/min
or L/min (if relative values were not reported), bouts of 20mSRT, and Yo-Yo test distance. In studies
that reported intermediate and post-intervention values, only final values for CRF were compared
with baseline.

Two reviewers (M.C. and M.Q.) independently assessed the risk of bias of studies that met the
inclusion criteria. Scoring discrepancies were resolved via consensus and inter-rater reliability was
calculated using percentage agreement. Risk of bias for the 17 studies was assessed using an eight-item
checklist adapted from the PRISMA statement [38]. A risk of bias score was awarded to each study
based on an 8-point scale coded as clearly described (+/), “absent’(X) or ‘unclear or inadequately
described’(?), for each of the following criteria: (1) Eligibility criteria were specified; (2) Participants
were randomly allocated to groups; (3) The groups were similar at baseline regarding the primary
outcome(s); (4) There was blinding of all assessors who measured the primary outcome(s); (5) Data for
primary outcome(s) were analyzed by ‘intention to treat’; (6) Dropout for primary outcome(s) was
described, with <20% dropout of participants; (7) Conducted the sample size calculations and the
study was adequately powered to detect changes in the primary outcome(s); and (8) Summary results
for each group plus estimated effect size (difference between groups) and its precision (e.g., 95% CI)
were reported. Criteria were added to create an overall risk of bias score: studies were graded as low
risk if scoring 7-8, moderate risk if scoring 4-6, or high risk if scoring <4.

2.4. Data Analysis

A random effects meta-analysis was conducted to determine the pooled effect size of HIIT and
MICT on CRF markers, using STATA (STATA 15.0, Stata Corp., College Station, TX, USA) to calculate
the standardized mean difference (SMD). We performed analyses to determine the effect of the change
in CRF for HIIT vs. MICT in each study. Distribution of effect size (ES) was determined to be
heterogeneous if Q reached a significance level of P < 0.05 and the sampling error accounted for less
than 75% of the observed variance [39]. Consistency (i.e., homogeneity) of effects was assessed using I2,
whereby values of <25, 50, and 75 were considered to indicate low, moderate, and high heterogeneity,
respectively [40]. As an explorative tool, publication bias was examined visually by funnel plot and
the statistically by Egger’s test [41]. The Trim and Fill method was used to estimate the stability of the
overall effect, and funnel plots were examined for asymmetry [42,43].

To test the robustness of our findings, sensitivity analysis was conducted by removing one primary
included study each time from the meta-analysis. Subgroup analyses were conducted to examine the
effect of modification based on their theoretical or empirical relation to changes in cardiorespiratory
fitness, including intervention duration, exercise modality, work and rest ratio, and total bouts [33,44],
and quality of included studies.

3. Results

3.1. Search Result

A search of electronic databases and a scan of article reference lists revealed 576 relevant studies
and the screening process is shown in flow chart (Figure 1). Key study characteristics were extracted,
including: country, size and source of study population, age, sex, weight status (normal weight,
overweight or obesity), type of control group (endurance training), experimental group exercise mode,
and intensity and length of intervention. Two effects were calculated and included from a study if the
experimental design included a normal weight group and obese group, and the data for these two
groups could not be combined [15]. After removal of duplicates and elimination of papers based on
inclusion and exclusion criteria, a total of 17 studies were identified in this meta-analysis (Table 1).



Int. |. Environ. Res. Public Health 2019, 16, 1533 40f 13

S
=
£ Records identified through database Additional records identified
§ searching through references list
9‘5 (n=1573) n=13)
=
%)
=
[
| N
Y A 4
'S
Records after duplicates removed
o (n=534)
=
=
)
£ .
2 Records excluded by titles and
> abstracts
(n = 495)
| N
Y
Full-text articles assessed
£ for cligibility
-?s (n=39)
S
=
Full-text articles excluded, with
> reasons
(n=22)
'SR
Not assessment of CRF (n=4)
= \ 4 Not MICT control group (r=15)
3 Studies included in Not English article (#=3)
= o L
= qualitative and quantitative
= synthesis (meta-analysis)
(n=17)
—

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta Analyses) Flow
diagram of the study selection process.
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Table 1. Characteristics of 18 included studies examining the effect of high-intensity interval training on cardiorespiratory fitness.

50f13

. . Exercise
Study Year Sample Population Duration Group (n) Modal{ty/ Repeated Bouts/ Work/re?t Time per CRF Outcomes
(week) Intensity Frequency W/R Ratio .
Week (min)
I(\j/[;l:;[::??s Ce}tli?ﬂl.a [18] 2004 schozl f};édren,' 8 HIIT (10) Cycling (all-out) Bouts: 7 30s/165s 10.5 VOomax
ye b B MICT (15) Cycling (85% HRmax) (3 times weekly) 0.18 60 (mL.kgfl.m'mfl)
Study design: RCT (25 boys; 10.3 + 0.5 years)
Sg;t;:;; ég r[al 291]1 . schozl fh;(l)dren; " HIIT (15 Running (100% VOapeat) Bouts: 3-6 605/ 180's 6-18 VOhmax
: = : o i _ Jo~Limin=1
Study design: RCT (9 boys; 10.4 + 0.9 years) MICT (15) Running (80% HRpeak) (2 times weekly) 0.33 60-120 (mL-kg™"-min™")
| hil Running (80-90%
Iégﬁg:ra etT?lm[;: ] 013 Obesz ¢ égdre“' " HIIT (14) VOomax) Bouts: NR 1205/ 60's NA VOommax
v - MICT (15) Running (60-70% (3 times weekly) 2.00 NA (mL.kg—l.mjn—l)
Study design: RCT (29 boys; 13.0 + 0.8 years) VO )
2max
Farah et al. [16] obese children; . o ) .
Country: Brazil 2013 n=19 24 Mhllg ((?())) l?zuuﬁig ((18%?’//0\>{FT)) 3 fﬁ‘éifiﬁ ) NA Eﬁ L\lZO_zlm min!
Study design: RCT (9 boys; 15.1 + 1.2 years) & 1070 y (mL-kg™"-min™)
g‘(’;rn‘i; a,l'];fez]ium 013 Obess C_h;zdren; 5 HIIT (17) Running (110% VT) Bouts: 10 155/45s 5 VOnmn
y: bleg - MICT (15) Running (100% VT) (2 times weekly) 0.33 60 (mL-kg~L-min~1)
Study design: RCT (9 boys; 17.0 + 3.0 years)
. . Cycling (90-95%
gt;rllr‘l‘t’rff ?tlj‘é'AIzO] »ol4 ObESZ C_h;;lre“' ) HIIT (14) APMHR) Bouts: 10 1205/60's 60 VOhmax
Yo . MICT (13) Cycling (65-70% (3 times weekly) 2.00 90 (mL-kg~!-min~1)
Study design: RCT (10 boys; 14.7 + 1.5 years) APMHR)
Eiiittfl Eilea 2015 SChozl f};(l)dre“" 1 HIIT (10)  Running (>80% HRR) Bouts: NR 305/30s NA VOimax
¥ - MICT (10) Running (<40% HRR) (3 times weekly) 1.00 NA (mL-kg~l-min~T1)
Study design: RCT (NR; 15.3 + 2.2 years)
g‘:ﬁt};}y’,‘?&&[m - °bess C_hilgdre“; A HIT(6)  Cycling (80-90% HRmax) Bouts: 10 605/120's 30 VOnma
: = . % . e L
Study design: RCT (3 boys; 13.7 + 2.0 years) MICT (7) Cycling (65% HRmax) (3 times weekly) 0.50 90 (mL-kg™ -min™")
Iéizuile; ;t ?:;1[},23] po16 obess c_h;lodren; 3 HIIT (10) Running (100% VOZmaX) Bouts: 6 40s/300s 12 VOZmax
: = . o) ¥ i To~Lomin—1
Study design: RCT (30 boys; 13.7 + 2.0 years) MICT (20) Running (70% VOamax) (3 times weekly) 0.13 120 (mL-kg™"-min™")
Iézflgrf‘trrfyaf?rszal"l\]w (5] 2016 Sd“’zl fk;(l)dre“" g HIIT (10)  Running (60-90% HRR) Bouts: 8-10 2405/120's 96-120 VO
: = i —70% i — o1 1
Study design: RCT (NR; 12.2 + 1.5 years) MICT (10)  Running (60-70% HRR) (3 times weekly) 2.00 150-180 (mLkg~t-min~1)
Iéi;ﬁifa.r?r:; al.-OB [15] 2016 obes;z ih;lodren,' g HIIT (10) Running (60-90% HRR) Bouts: 8-10 240s/120's 96-120 VOZmax
Y - MICT (10)  Running (60-70% HRR) (3 times weekly) 2.00 150-180 (mL-kg~!min~1)

Study design: RCT

(NR; 12.3 + 1.3 years)
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Table 1. Cont.

60f 13

. . Exercise
Study Year Sample Population Duration Group (n) Modal{ty/ Repeated Bouts/ Work/re?t Time per CRF Outcomes
(week) Intensity Frequency W/R Ratio .
Week (min)
Martinez et al. [24] school children; HIIT (38) Running and jumping Bouts: NR 10-20's /NR 40 VO
Country: Spain 2016 n =94 2 MicT (56) (NR) (2 times weekly) NA 40 (mLkg-l-min~1)
Study design: RCT (52 boys; 8.2 + 0.7 years) Aerobic exercise (NR) &
Ige“lter ?té’l' [25] 2016 ADHD aflglsesce“ts s HIIT (14) NR (95% HR peqi) Bouts: 4 2405/ 180's 48 VO
ountry: \sermany n= MICT (14)  Mixture (<70% HR,cax) (3 times weekly) 1.33 180 (L-min~1)
Study design: RCT (28 boys; 11.0 + 1.0 years) P
Qs et al. AESltraha ol Obes;: C_hi;dre“; " HIT (25)  Cycling (85-95% HRpmax) Bouts: 4 2405/180's 18 VOhma
y: £ = MICT (22)  Cycling (60-70% HRmay) (3 times weekly) 1.33 132 (mL-kg~L-min~1)
Study design: RCT (31 boys; 12.2 + 2.1 years)
?()guﬂtit .alNEiﬂ, . So1s obess c_hélllldren; 1 HIIT (17) Cycling (85-95% HRmax) Bouts: 4 240s/180s 48 VOZmax
Yo y = MICT (24)  Cycling (60-70% HRpax) (3 times weekly) 1.33 132 (mLkg™'min"1)
Study design: RCT (21 boys; 12.0 + 2.3 years)
Cvetkovic et al. [27] obese children; HIT (11)  Running (100% MAS) Bouts: 5-10 10-20s/10-20 7.5-15 Yo-Yo test
Country: Serbia 2018 n=21 12 MICT (10) Running (NR) (3 times weekly) s 180 distance
Study design: RCT (21 boys; 11-13 years) & y 1.00
. . . Running (90-95 %
Ig[c?égtsrs?y;rtailc.e[zg] 2018 Obesz C—h;9drenl 12 HIIT (16) HRimax) Bouts: 4-6 120-150/90's 24-45 20mSRT bouts
v . MICT (13) Running (60-70 % (3 times weekly) 1.33-1.66 120-180
Study design: non-RCT (8 boys; 15.2+1.4 years) HRomax)
max
gﬂf;‘tft _aéo[jtﬂ Africa 2018 ne SZC?ZZOéghg‘irlell‘; 08 5 HIIT (29)  Running (>80% HRpmay) Bouts: 10 605/75s 30 VOomax
Y = ys; AL =0 MICT (29)  Running (65-70% HRmay) (3 times weekly) 0.80 99 (mLkg 1-min~1)

Study design: RCT

years)

APMHR, age predict maximal heart rate; CRF, cardiorespiratory fitness; HIIT, high-intensity interval training; HRpeak, peak heart rate; HRmax, maximal heart rate; HRR, heart rate reserve;
MAS, maximal aerobic speed; MICT, moderate-intensity continuous training; NA, not applicable; NC, no changes P > 0.05; NR, not report; Ppeak, peak power; Vieak, peak velocity; VOamax,
maximal oxygen uptake; VT, ventilatory threshold.
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3.2. Characteristics of Included Studies

Study characteristics are presented as mean + SD unless otherwise stated. Eighteen effects
from 17 RCTs [11-16,18-28] of 563 participants were included in the review (Table 1). Of the 17
included studies, 10 enrolled obese subjects [11-13,16,20,21,23,26-28], 1 included normal weight and
obese subjects [39], and 6 included normal weight subjects [14,18,19,22,24,25]. Five studies included
boys only [13,18,23,25,27], 2 studies did not reported gender [15,22] and the 10 remaining studies
included both boys and girls [11,12,14,16,19-21,24,26,28]. Five studies enrolled children under 12 years
old [14,18,19,24,25], and the other studies enrolled children aged 12 years old and older [11-13,15,
16,20-23,26-28]. Sixteen studies were RCTs [11-13,15,16,18-27] and a 1 was a non-RCT [28]. Five
studies were conducted in a school setting [14,18,19,22,24], and 12 studies were conducted in a clinical
setting [11-13,15,16,20,21,23,25-28]. The duration of interventions of the included studies lasted from
3 weeks [23,25] to 24 weeks [16]. The intervention duration of included studies lasted 4 weeks [21],
5 weeks [14], 6 weeks [20], 8 weeks [15,18], 12 weeks [11,13,19,22,24,26-28], and 15 weeks [12]. Exercise
training sessions were implemented twice a week in 3 studies [12,19,24] and 13 studies reported 3
sessions per week [11,13,14,16,18,20-23,25-28]. Kargarfard et al. reported 3 sessions per week in the
HIIT group and 5 in the MICT group [15]. The mode of HIIT for interventions primarily involved
running (11 studies) [12-16,19,22-24,27,28]; 5 studies administered a cycling protocol [11,18,20,21,26],
and in one remaining study, exercise modality was not reported [25].

3.3. Risk of Bias

Methodological ‘risk of bias’ scores are provided in Table 2. Three studies were considered to
have a high risk of bias [12,13,22], whereas thirteen [14-16,18-21,23-28] were moderate and one [11]
was considered to have a low risk of bias.

Table 2. Quality assessment / risk of bias of 18 included studies.

Study Year n Age 1 2 3 4 5 6 7 8 Total RiskofBias
McManus etal. [18] 2004 25 10306 + X v X X A 72 4 4 Medium risk
Corte et al. [19] 2012 30 10409 v + N x 7 4?2 4 5 Medium risk
Koubaa et al. [13] 2013 29 130+08 x x X X X X ? X 0 High risk
Farah et al. [16] 2013 19 15112 + 4 V x x ? ? 4 Medium risk
Boer et al. [12] 2013 32 17.0£3.0 + X ? X x4 2 ? 2 High risk
Starkoffetal. [20] 2014 27 147+15 + + + X X « « & 6 Medium risk
Lee et al. [22] 2015 20 153£22 + + 4 x ? ? x X 3 High risk
Murphy etal. [21] 2015 13 13720 + 2 + x X + 2 4/ 4 Medium risk
Lazzer et al. [23] 2016 30 168+07 + v v X A A x4 6 Medium risk
Kargarfard etal. [15] 2016 20 124x13 + + + X + + x 6 Medium risk
Martinez etal. [24] 2016 94 8207 + + v X + x 2 4/ 5 Medium risk
Messleretal. [25] 2016 28 11.0+1.0 + + + X « 2 2 4 5 Medium risk
Dias et al. [11] 2017 47 122x21 + N N x A A AW 7 Low risk
Inguletal. [26] 2018 41 120433 v v + x v + x v 6  Medium risk
Cvetkovicetal. [27] 2018 21 11.0-13.0 + + v X « « 2?2 6 Medium risk
Morissey etal. [28] 2018 29 152+14 + X + X v v A 6 Medium risk
Bilionetal. [14] 2018 58 11108 v x v x + v v + 6  Medium risk

Criteria: (1) Eligibility criteria were specified; (2) Participants were randomly allocated to groups; (3) The groups
were similar at baseline regarding the primary outcome(s); (4) There was blinding of all assessors who measured the
primary outcome(s); (5) Data for primary outcome(s) were analyzed by ‘intention to treat’; (6) Dropout for primary
outcome(s) was described, with <20% dropout of participants; (7) Conducted the sample size calculations and the
study was adequately powered to detect changes in the primary outcome(s); and (8) Summary results for each
group plus estimated effect size (difference between groups) and its precision (e.g., 95% CI) were reported. Coding:
‘clearly described’ (v/), ‘absent’ (X) or ‘unclear or inadequately described’ (?).

3.4. Findings

The meta-analyzed effect of HIIT, when compared to MICT may have a moderate beneficial effect
on CRF (SMD = 0.51, 95% CI = 0.33-0.69, P < 0.01) with high consistency of effects (I? =0.00, P = 0.79)
(Figure 2). Visual Egger’s test results showed no significant publication bias (P = 0.48), but the funnel
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plot exhibited asymmetry (Figure 3). Further analysis was undertaken using the trim and fill method
to test the stability of the combined results. Four potential missing studies were added/filled; however,
the random effect analysis showed no significant difference (0.51, 95% CI = 0.33-0.70 before filling
versus 0.60, 95% CI = 0.43-0.76 after filling) and the combined results were still stable (Figure 4).
Intervention duration (P = 0.34), exercise modality (P = 0.99), work and rest ratio (P = 0.26) and total
bouts (P = 0.92) did not significant modify the effects of HIIT on CRF (Table 3).

Study (year) SMD (95% CI) % Weight
McManus et al. (2004) [18] " 0.38(-043,1.19)  5.17
Corte etal. (2012) [19] __’_'_ 0.19(-0.53,0.90)  6.55
Koubaa et al. (2013) [13] T T 130049, 2.11) 5.18
Farah et al. (2013) [16] ™ 0.71 (-0.22, 1.64)  3.88
Boer et al. (2013) [12] 1 o 0.64 (-0.08,1.35)  6.64
Starkoff et al. (2014) [20] B 0.49(-0.27,1.26)  5.73
Lee et al. (2015) [22] 7 0.33(-0.551.21) 432
Murphy et al. (2015) [21] - 0.06(-1.03,1.15)  2.83
Lazzer et al. (2016) [23] -1 0.18 (-0.68, 1.04)  4.58
Kargarfard et al. (2016) NW [15] o 0.67(-0.23,1.58)  4.13
Kargarfard et al. (2016) OB [15] * 0.34 (-0.54,1.22)  4.32
Martinez et al. (2016) [24] P 0.79(-0.13,1.70)  4.04
Messler et al. (2016) [25] - 0.17(-0.58,091)  6.12
Dias et al. (2017) [11] — - 0.79 (0.19. 1.39) 9.50
Ingul et al. (2018) [26] B 0.79(-0.12, 1.71)  4.04
Cvetkovic et al. (2018) [27] * 0.21(-0.65, 1.07)  4.57
Morrissey et al. (2018) [28] — ™1 0.24 (-0.50,0.97)  6.25
Biljon et al. (2018) [14] - 0.61(0.08,1.13)  12.15
Overall (7 = 0.0%, P = 0.902) < 0.51(0.33,0.69)  100.00
T : T
211 favours MICT o favours HIIT 2.11

Figure 2. Forest plot for comparing the effects between HIIT and MICT interventions on CRF in children

and adolescents by pooling 18 included studies.
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Figure 3. Funnel plot of standard difference in means versus standard error of 18 included studies.
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Figure 4. Results of trim and fill method (included 18 studies and 4 added studies).

Table 3. Subgroup analysis of the effects comparison of HIIT and MICT interventions on CRF in
children and adolescents.

No. of Trials/  Subjects o Favors Favors P for
Subgroup T No. ) o) SMD G5% €D gyrr mictr P V21" pnteraction
All studies 18/18 (100) 563 051(0.33,0.69) : 0.00
Modality of INT ;o
Cycling 5/17 (29) 153 0.54(0.16,0.92) . 0.04 001
Running 1217 (71) 382 053(0.31,075) - 0.00 :
INT duration :
<8 weeks 8/18 (44) 212 041(0.14,0.68) - 0.01
>8 weeks 10/18 (56) 351 0.59(035,0.84) L 0.00 023
Work: rest ratio i'_H
<1 8/17 (47) 207 038(0.10,0.66) e 0.08 ot
>1 9/17 (53) 252 0.60(0.35,0.86) : 0.00 :
Total bouts e
<180 8/14 (57) 242 046 (0.20,0.71) b 0.01 001
>180 6/14 (43) 149 0.44(0.11,0.76) : 0.01 :
Risk of bias P
high 3/18 (17) 4 0.42 (021, 0.63) P 0.00
Medium 14/18 (77) 497 077(0.19,123) ' 0.00 0.75
Low 1/18 (6) 25 0.79(033,1.39) 050 oso 1s0 001

CREF, Cardiorespiratory fitness; HIIT, high-intensity interval training; MICT, moderate-intensity continuously
training; INT, intervention.

4. Discussion

This meta-analysis aimed to directly compare effects of HIIT and MICT training protocols for
improvement on cardiorespiratory fitness in children and adolescents. Our results revealed, firstly,
that HIIT is more effective (SMD = 0.51, 95% CI = 0.33-0.69, P < 0.01) in improving CRF of children and
adolescents aged 6 to 17 years when compared to MICT. Secondly, the overall effect was not significantly
modified by intervention duration, exercise modality, ratio of work and rest, and total bouts.

The findings of this study were consistent with a review that examined the effect of HIIT on fitness
of obese children, which reported statistically significant effects for VOomax in their meta-analysis
ranging from 1.6 to 3.7 mL-kg~!-min~! [45]. Our results are similar to previous meta-analyses which
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have demonstrated that HIIT improves CRF with large effects in normal weight and overweight/obese
adults [33]. A previous study showed that the improvement of CRF by 1 mL-kg™!-min~", as assessed
by a maximal bike test, reduced the risk for developing overweight or obesity by 10% in 6 years [46].
Therefore, in summary, we considered that HIIT shows promise as a time-efficient training method,
yielding similar or greater improvements in CRF compared to MICT.

As noted in the subgroup analyses, the effects of HIIT were consistent, with average CRF
improvements of 38-79% when compared with MICT, irrespective of modality, duration, work and
rest ratio, total bouts, and risk of bias. The consistency of these results suggest that the findings of this
meta-analysis are robust.

4.1. Potential Mechanism

Some of explanations might be given regarding why the effect of HIIT on CRF was better than
MICT. First, mitochondrial adaptations to short-term training is a possible mechanism. In the study
by Maclnnis et al. [45], participants performed six training sessions with each leg over two weeks,
with one leg performing HIIT and the other leg performing MICT, and the volume of training was
identical for each leg. The results showed that HIIT compared to MICT elicited a greater increase in
mitochondrial content, and HIIT induced greater increases in citrate synthase maximal activity, type 11
fiber activation, adenosine monophosphate activated protein kinase activity [47] and mass-specific Jop
(oxygen flux) relative to MICT may be a contributing factor [48]. Second, previous studies indicated
HIIT protocol was more effective on central adaptation, such as maximal stroke volume, cardiac output
and blood volume, which are important components of CRF [49-52].

4.2. Strengths and Limitations

Some limitation also need to be considered. First, this review was not pre-registered on PROSPERO
and we did not contact key experts in the field. Secondly, the evidence of change in CRF is largely
limited by differences in measurement methods; CRF assessment methods varied across studies, which
might generate heterogeneity and bias of overall effect estimation. However, the results of sensitivity
analyses indicated that such differences are unlikely to affect the overall results. Thirdly, participants
in each group performing different “doses” of exercise may another limitation. Fourthly, a publication
bias was possible, caused by excluding studies published in other languages and grey literature
(e.g., theses, dissertations), though statistical tests do not suggest a publication bias in the present
meta-analysis. Finally, this meta-analysis has combined the findings from the most comprehensive and
up-to-date literature.

5. Conclusions

This meta-analysis review indicates that HIIT is a better training methodology to improve
cardiorespiratory fitness among healthy children and adolescents compared to MICT. Considering
its characteristics of effectiveness and efficiency, HIIT may be an effective approach to achieve
improvements in CRF among healthy children and adolescents. Future studies also need to further
analyze the effect of HIIT on other domains of physical fitness (e.g., sprint capacity, running performance
and countermovement jump, etc.), in order to enhance its efficiency on health-related outcomes among
children and adolescents.
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