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ARTICLE 

Abstract: High-intensity interval training is used to improve maximum oxygen intake 

and aerobic functional capacity of school children. So far, it has been discovered that 

high-intensity interval training (HIIT) is effective in improving anaerobic capacity.  Aim 

of the study was to determine the effectiveness and impact of HIIT training on the 

improvement of VO2 in schoolchildren based on a systematic review of a large number 

of studies that have addressed the impact of high-intensity interval training. Following 

electronic databases were searched: Google Scholar, PubMed, Web of Science and 

Research Gate, using all papers available by April 30, 2020. The following keywords 

were used: "high-intensity interval", "training", "HIIT", "training". The search was mostly 

related to English and original scientific papers from available journals. In the first phase 

of the search, the relevance of the titles and abstracts of the identified papers was 

checked. In the second phase of the search, the complete papers were downloaded and 

considered for inclusion. References from all collected papers were reviewed to obtain 

more research that studied this area.  Total of 10 studies met the criteria and were 

included into the systematic review. High-intensity interval training leads to the 

improvement of VO2, VO2max, O2 and other physiological parameters in school children 

by applying various high-intensity interval training programs. Programs in duration 

of six, ten and twelve weeks lead to the improvement of physiological parameters of 

school children, while the seven-week program of high-interval training proved to be the 

best program in relation to the duration and intensity of the program. Based on the 

analysis and discussion of the papers observed in the systematic research, it can be 

concluded that, according to the duration of the program, the minimum period 

where VO2 and VO2max and other physiological abilities can improve is six weeks, and 

the usual weekly load is two to three workouts per week. 

Keywords: HIIT, VO2, VO2max, O2, school children. 
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1. Introduction

An active lifestyle, as well as its benefits, have been well researched and

documented (Blair & Morris, 2009; Joyner & Green, 2009). The connection of these 

benefits is observed in higher level of cardio-respiratory condition (VO2 max) which 

has protective effects (Joyner, et al. 2009; Lee, Artero, Sui & Blair, 2010). High-

intensity interval training (HIIT) has recently gained in popularity (Garber, 

Blissmer , Deschenes, Franklin, & Lamont, 2011 ). Strength training is associated 

with muscle hypertrophy and increased strength-building ability, while endurance 

training is associated with improved capacity for aerobic energy metabolism and 

fatigue resistance. (Baar, 2006; Egan & Zierath, 2013; Hawley, Hargreaves, Joyner & 

Zierath, 2014). HIIT training comes in a variety of forms, from aerobic interval 

training to sprint interval training. Since the beginning of the 20th century, aerobic 

interval training achieved by long-term continuity of high and moderate intensity 

(90–110% VO2 max), with passive or active recovery periods of equal duration, is 

usually used for the purpose of improving aerobic power (maximum oxygen intake, 

VO2 max), (Billat, 2001). The importance of HIIT training is reflected in the 

stimulation of the secretion of catecholamine, epinephrine (Williams, Zelt, Castellani, 

Little, Jung, et al. 2013), norepinephrine (Peake, Tan, Markworth, Broadbent, 

Skinner, et al. 2014) and growth hormone (Shen, Heymsfield, Reyes-Vidal, Geer, et al. 

2008), which accelerate fat breakdown (Bracken & Brooks, 2010; Zouhal, Jacob, 

Delamarche, & Gratas-Delamarche, 2008). Also, HIIT training leads to depletion of 

muscle glycogen (Sperlich, De Marées, Koehler, et al. 2007). It plays an important 

role in improving cardio-pulmonary fitness (MacInnis & Gibala, 2017). The 

maximum oxygen consumption VO2 max represents the largest amount of oxygen 

that the body can receive i.e., consume during one minute of maximum intensity 

load. The VO2 max value can be directly measured or estimated depending on the 

technical characteristics of the equipment used, the test protocol, the time and 

duration of the load (Armstrong, Welsman & Winsley, 1996). Previous research has 

shown that high-intensity interval training (HIIT) effectively affects the 

improvement of maximum oxygen intake (VO2 max), as well as overall measures of 

cardiorespiratory fitness or aerobic functional capacity of a person. (Riebe, et al. 

2018; Baquet, et al. 2002; Lau, et al. 2014; Baquet, et al. 2001; Tjønna, et al. 2009). 

Recent studies indicate that higher exercise intensity is more effective in improving 

VO2 max than moderate-intensity exercise (Gomley, et al. 2008), as well as in 

improving anaerobic capacity than continuous work methods (Pery, et al. 1998). 

Future research should also identify the optimal time for high-intensity exercise to 

improve the physical, physiological, and cognitive health of young children. This 

systematic review study will include a large number of high-intensity tests (Shuttle 

runs (100–130% MAS)), after applied HIIT training programs, as well as parameters 
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related to duration. Aim of the research was to determine the effectiveness and 

impact of HIIT training on the improvement of VO2 in school children based on a 

systematic review of a large number of studies which dealt with the impact of high-

intensity interval training. 

2. Methods

Review and analysis were performed in accordance with PRISMA (Preferred

Reporting Items for Systematic Reviews and Meta-analyzes) guidelines (Moher, D., 

Liberati, A., Tetzlaff, J., & Altman, D.G., 2009). 

Rearch strategy 

Searches were conducted in the following electronic databases: Google Scholar, 

PubMed, Web of Science and Research Gate, using all papers available until April 30, 

2020. The following keywords were used: "high-intensity interval", "training", 

"HIIT", "training". The search was mostly related to English and original scientific 

papers from available journals. In the first phase of the search, the relevance of the 

titles and abstracts of the identified papers was checked. In the second phase of the 

search, the complete papers were taken over and considered for inclusion. 

References from all collected papers were reviewed to obtain more research that 

studied this area. 

Inclusion criteria 

For the selection of papers to be included in the final analysis, the following 

inclusion criteria were defined: (1) original scientific papers; (2) papers based on 

longitudinal design; (3) papers written in English; (4) sample of respondents – 

school children; (5) experimental treatment under HIIT training conditions; (6) a 

minimum of two groups of respondents (1 experimental – 1 control group or 2 or 

more experimental groups); (7) papers covering the impact of HIIT training; (8) 

papers containing tests for VO2; (9) papers where only school children were tested. 

Exclusion criteria 

Based on the following criteria, the papers were excluded from further analysis: 

(1) papers based on transversal design; (2) inadequate sample of respondents; (3) 

papers with a lack of a control group or other experimental group; (4) papers in 

which the experimental treatment was not realized in the conditions of HIIT 

training; (6) papers in which the results are not adequately presented or the 

parameters required for further analysis are missing; (7) papers based on case 

studies. 
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Data extraction 

Papers selected to be used in this research are presented in Table 1. Each 

research paper is represented with the following parameters: research (first author 

and year of publication of the paper), sample of respondents (number of 

respondents (N), age and groups (E and K)), experimental treatment (monitored 

variables, program and duration of research) and results. Data extraction, as well as 

verification of extracted works, was realized independently by the author. 

3. Results

Table 1. Results overview 

 Author 
Age 

Sample 

of 

respon

dents Experimental 

program 

Measuring 

instrumen

ts (sample 

of tests 

and 

measures) 

Dura

tion 

Results 

Baquet, 

et al. 

2002 

8-11 

N = 53 

M=23 

F=30 

K=20 

E=33 

Shuttle runs 

(100–130 % 

MAS) 

VO2 7 

K Δ= -0.01 ± 0.13 

E Δ= 0.14 ± 0.13 

P= < 0.001 (14.1) 

Baquet, 

et al. 

2004 

8-11 

N=100 

M=46 

F=54 

E=47 

K=53 

Shuttle runs 

(100–130 % 

MAS) 

SBJ, 

SAR, 

SHR, 

SUP, 

MS. 

7 

K Δ= -0.04 ± 0.14 

E Δ= 0.15 ± 0.11 

P= < 0.001 (14.4) 

Nourry, 

et al. 

2005 

9-10 

N=18 

M=11 

F=7 

E=9 

K=9 

Shuttle runs 

(100–130 % 

MAS) 

VO2peak 

VO2 

Rpeak 

8 

VO2peak= 43.2 ± 

7.6↑  

VO2=1.75 ± 

0.44↑  

Rpeak=103 ± 

25↑  

Baquet, 

et al. 

2010 

9,6±1

,0 

N= 77 

M=43 

F=34 

MAV(km.h-1) 

22.22m 

(100%MAV) 

24.44m 

(110%MAV) 

26.66m 

(120%MAV) 

MAV, 

O2 
7 

CGΔ=0.1±0.4 

CTGΔ=0.9±0.4 

ITGΔ=0.7±0.5 

P<0.001 (15.5) 

Sperlich, 

et al. 

2011 

13,5 

± 0,4 
M=19 

HIIT -90% 

HVT- 60-75% 

O2max 

1000 m 
5 

HRmax 

HIIT-17,4± 1,5↑  

HVT-12,2± 0,6 
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De 

Araujo, 

et al. 

2012 

8-12 
N=30 

ET-15 

HIIT-15 

ET-80%HR 

HIIT-100%HR 
VO2 

VO 2 

ET-3,1% 

HIT- 14,6%↑  

Lau, et 

al. 

2015 

10,4 

± 0,9 

N=48 

M=36 

F=12 

K=12 

LIIE= 21 

HIIE=15 

Running 

LIIE- 100% MAV 

HIIE-120% MAV 

SWOC 6 

MAS 

(km·h−1) 

K= 10.8 ± 0.4 

LIIE=10.9 ± 0.1 

HIIE=10.9± 0.1 

Lambric, 

et al. 

2016 

8-10 
N=55 

M=32 , 

F=23 

Games for kids 

(average 93% 

max. HR) 

VO_ 2 peak, 

Brzina 

trčanja 

6 

VO2 peak 

(F(1,51)=5.60, P 

< .05), 

Running 

speed(F(1,51) = 

7.01, P <.05; 

Huerta, 

et al. 

2017 

13± 
0,6 

N=28 

K=14 

E=14 

20mSRT VO2max 8 

VO2max(mlO2·K
g-1·min-1) 

K=0.015 

E=0.245↑  

Baker, et 

al. 2020 

15,4 

± 0,7 

N=57 

M=47  

F=10 

HIT=17 

(high 

int.) 

MOD =40 

(moderat

e int.) 

20 MSFT, 

CMJ, 

505 agility test 

10 m sprint. 

VO2max 
7 

MOD 

20MSFT 26.8 %↑  

CMJ 7.3↑  

HIT 

20MSFT 8,3↑  

CMJ 5,1% ↑  

Spring 10 m 

1,5% ↑  

505agilnom 5%↑  

Significantly different code before the test at p <0.05; Δ- difference between post-and pre-training; P 

differs significantly from the previous test (p <0.001); MAV-maximum aerobic velocity; CTG- continuous 

training; CG-control group; ITG or CG- occasional training group; SBJ- High jump; SAR-sit-and-reach; 

SHR-10 x 5 meter shuttle ride; SUP-sit-ups; MS- maximum shuttle speed; GXT- max aerobic capacity; 

LIIE and HIIE- Intermittent exercises with lower and higher intensity; CMJ- countermovement jump; ↑  

improvement; 20mSRT- test Course Navette; ET- endurance training; HIIT-high-intensity interval 

training; VO2- Oxygen consumption; CO2- carbon dioxide output; HR- Heart rate; VO2peak - Maximum 

oxygen consumption; 

4. Discussion

This study was conducted with the aim of systematically presenting studies that 

dealt with high-intensity interval training in school children. The main finding of this 

study is that high-intensity interval training is effective for improving aerobic 

performance in school children. A total of 403 relevant studies were identified by 

searching the relevant databases. After removing the duplicates, 214 studies 

remained. Based on a review of the title and abstracts, 40 studies were rejected 

(after analyzing the title 17 and 23 after analyzing the abstract). The complete text of 

189 remaining papers was subjected to detailed analysis. Each study was read and 

selected based on the characteristics of the study, information about the 
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respondents, a description of the training program and the results of the study. 

According to the inclusion criteria, 42 studies were excluded because they failed to 

meet the inclusion criteria, while 10 studies that met the inclusion criteria were 

included in the systematic review. All the studies that met the inclusion criteria were 

original scientific studies published in English between 2002 and April 2020. The 

total number of samples was 485, male and female respondents. The age of the 

respondents ranged from 8 to 15. Studies performed on a seven-week program 

(Baquet, et al. 2002) showed that high-intensity aerobic training twice a week in 

boys and girls leads to significant increase in VO2, which is associated with an 

increase in aerobic performance. The same collaborators (Baquet, et al. 2004), two 

years later, developed a high-intensity intensive running program that also showed 

a significant improvement in aerobic performance in children of both sexes. Also, 

well-individualized continuous and intermittent sessions affect a significant increase 

in O2 maximum aerobic velocity. So, by applying adequate combinations of high-

intensity exercises, they can significantly influence the increase of aerobic fitness 

(Baquet, et al. 2010). The seven-week HIIT program is a time-efficient way to 

improve health components. Given the short duration of physical education classes, 

HIIT training may be a good choice for the health education of children and 

adolescents (Baker, et al. 2020). In a study (Huerta, et al. 2017) conducted over an 

eight-week period of high intensity, it was observed that children who are physically 

active for several hours a week have a progressive increase in VO2 max and a 

maximum heart rate. Also, (Nourry, et al. 2005) conducted an eight-week training 

program with intense running that improved vital capacity and VO2 max. In pre-

pubertal children, occasional high-intensity running training caused changes in lung 

function at rest and altered exercise ventilation. During exercise ventilation becomes 

slower and deeper which enables better efficiency. These beneficial effects were 

obtained after a short training period (8 weeks) that could easily be integrated into 

the endurance cycle of physical education classes for school children. The findings 

show that HIIT (6 times a week) significantly reduces body fat (skin folds), increases 

aerobic capacity and functional ability of walking in overweight children. 

Consequently, the effectiveness of occasional running exercises may be more 

attractive to overweight children compared to traditional continuous running 

exercises. Also, exercise with intermittent running of lower and higher intensity can 

contribute to behavior modification in two ways: time efficiency and the perception 

of tolerable physical effort. The effectiveness of intermittent running exercises may 

be more appealing to overweight children and may result in improved exercise 

programs (Lau, et al. 2014). Lambrick, et al (2016) also applied a six-week program 

of high-intensity exercise in the form of games, which can improve cardio-

respiratory performance and anthropometric measures in boys and girls aged 8 to 

10. In particular, this study showed improvements in maximum functional capacity
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(VO2 max and maximum running speed, reduced O2 consumption during sub-

maximal exercise, and improved body composition indices) for those children who 

are active in the exercise program. A game-based high-intensity exercise 

intervention can increase the sense of enjoyment and intriguingly motivate children 

to continue exercising after the program is over. A HIIT of five weeks of training 

procedure should be considered an effective method of training in football games 

when the training procedure time is short. However, care should be taken against 

the potential risk of overtraining or injury (Sperlich, et al. 2011). By investigating the 

differences between HIIT and endurance training, they are equally effective in 

improving important health parameters (e.g., aerobic fitness, insulin sensitivity, 

BMI) in obese children (De Araujo, er al 2012). 

5. Conclusion

High-intensity interval training leads to the improvement of VO2, VO2 max, O2

and other physiological parameters in school children by applying various high-

intensity interval training. Programs of six, ten and twelve weeks, lead to the 

improvement of physiological parameters of school children, while the seven-week 

program of high-interval training proved to be the best program in relation to the 

duration and intensity of the program. This systematic review provides evidence of 

the beneficial effects of high-intensity interval training. The application of the HIIT 

program leads to positive changes in the results of tests for aerobic and anaerobic 

abilities. Based on the analysis and discussion of the papers observed in the 

systematic overview it can be concluded that according to the duration of the 

program, the minimum period where VO2 and VO2 max and other physiological 

abilities can improve is six weeks, and that the usual weekly load is two to three 

trainings per week. The analyzed studies have confirmed that this type of training is 

suitable for improving the ability of school children who apply plyometric training in 

addition to the main training. HIIT training can contribute a lot, as a regular training 

program, to improving physiological abilities that are very important for proper 

growth and development. Plyometric training is easy to organize, and there is a wide 

range of programs and exercises, as well as tests to assess VO2 and VO2max. 

Significance of research 

The significance of this research is that it provides information on the impact of 

HIIT exercise programs in school-age respondents, i.e. what changes occur in the 

values of VO2 and VO2 max using HIIT training, based on a systematic review of 

papers that had the same or similar research goals. Previous research contains the 

necessary information on gender, age of respondents, program duration, exercise 
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intensity and effects achieved. Based on these data, the analysis of the results 

provided information on which program is best for improving VO2 and VO2 max in 

school children of both sexes, whether the effects differ in relation to the beginning 

of testing and after the applied HIIT training program. 
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