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ABSTRACT
Introduction: The continuous improvement of the level of modern sports competition compels con-

tinuous reform and constant updates on sports training theory; sports training research is migrating from 
continuous low-intensity to high-intensity interval, and many studies have shown that high-intensity interval 
training has a good effect on athletes. Objective: Investigate the effect of different recovery modalities during 
high-intensity interval training on the athletic performance of young male runners.  Methods: Using body 
morphological index measurement, high-intensity intermittent exhaustion test, and statistical analysis, forty 
young male long-distance runners from sports schools were randomly divided into active recovery group 
(AR, n=20) and passive recovery group (PR, n=20), maximal oxygen uptake (VO2max) and maximal aerobic 
speed (MAV) were measured by incremental load exercise test, and interval exercise capacity and time to 
exhaustion (ET) were recorded. Results: Compared with pre-training, MAV and ET in both groups increased 
significantly after training (P<0.05); there was no significant difference in MAV on RA group after training 
(P>0.05). Conclusion: High-intensity interval training with active recovery can significantly improve athletic 
ability and performance in young male runners in the long term. Level of evidence II; Therapeutic studies 
- investigation of treatment outcomes.
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RESUMO
Introdução: O aprimoramento contínuo do nível de competição esportiva moderna compele a reforma contí-

nua e constantes atualizações sobre a teoria do treinamento esportivo, a pesquisa esportiva de treinamento está 
migrando de contínuo de baixa intensidade para intervalado de alta intensidade e muitos estudos demonstraram 
que o treinamento intervalado de alta intensidade tem um bom efeito sobre os atletas. Objetivo: Investigar o 
efeito de diferentes modalidades de recuperação durante o treinamento intervalado de alta intensidade no de-
sempenho atlético de jovens corredores masculinos.  Métodos: Usando medição do índice morfológico corporal, 
teste de exaustão intermitente de alta intensidade e análise estatística, quarenta jovens corredores masculinos 
de longa distância de escolas esportivas foram divididos aleatoriamente em grupo de recuperação ativa (AR, 
n=20) e grupo de recuperação passiva (PR, n=20), o consumo máximo de oxigênio (VO2max) e a velocidade 
aeróbica máxima (MAV) foram medidos pelo teste de exercício de carga incremental, e a capacidade de exercí-
cio intervalado e o tempo até a exaustão (ET) foram registrados. Resultados: Em comparação com o pré-treino, 
MAV e ET nos dois grupos aumentaram significativamente após o treinamento (P<0,05); não houve diferença 
significativa em MAV no grupo AR após o treinamento (P>0,05). Conclusão: O treinamento em intervalos de alta 
intensidade com recuperação ativa pode melhorar significativamente a capacidade atlética e o desempenho 
em corredores jovens masculinos em longo prazo. Nível de evidência II; Estudos terapêuticos - investigação 
dos resultados do tratamento.

Descritores: Treinamento Intervalado de Alta Intensidade; Atletas; Esportes.

RESUMEN 
Introducción: La mejora continua del nivel de la competición deportiva moderna obliga a la reforma 

continua y a la actualización constante de la teoría del entrenamiento deportivo, la investigación del entre-
namiento deportivo está migrando de la baja intensidad continua a la alta intensidad interválica y muchos 
estudios han demostrado que el entrenamiento interválico de alta intensidad tiene un buen efecto en los 
atletas. Objetivo: Investigar el efecto de diferentes modalidades de recuperación durante el entrenamiento de 
intervalos de alta intensidad en el rendimiento atlético de jóvenes corredores masculinos.  Métodos: Mediante 
la medición del índice morfológico corporal, la prueba de agotamiento intermitente de alta intensidad y el 
análisis estadístico, se dividió aleatoriamente a cuarenta jóvenes corredores masculinos de larga distancia de 
escuelas deportivas en el grupo de recuperación activa (AR, n=20) y en el grupo de recuperación pasiva (PR, 
n=20), se midió el consumo máximo de oxígeno (VO2max) y la velocidad aeróbica máxima (MAV) mediante 
la prueba de ejercicio de carga incremental, y se registraron la capacidad de ejercicio a intervalos y el tiempo 
hasta el agotamiento (ET). Resultados: En comparación con el preentrenamiento, MAV y ET en ambos grupos 
aumentaron significativamente después del entrenamiento (P<0,05); no hubo diferencias significativas en 
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MAV en el grupo de AR después del entrenamiento (P>0,05). Conclusión: El entrenamiento de intervalos de alta 
intensidad con recuperación activa puede mejorar significativamente la capacidad atlética y el rendimiento de 
los corredores masculinos jóvenes a largo plazo. Nivel de evidencia II; Estudios terapéuticos - investigación 
de los resultados del tratamiento.

Descriptores: Entrenamiento de Intervalos de Alta Intensidad; Atletas; Deportes.
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INTRODUCTION
Due to the continuous improvement of the level of competition in 

the field of modern sports competition, forcing the continuous reform 
and updating of the theory of competitive sports training, in today’s com-
petitive sports research and training hotspots are gradually shifting from 
low-intensity continuous training to high-intensity interval training. Many 
studies have shown that, high-intensity interval training has a very good 
training effect for athletes and the general population, for athletes, HIIT 
can improve the athlete’s maximum oxygen uptake and aerobic capacity, 
maintain the stability of technical movements during competitions, and 
save energy at the same time. training time and improve training efficiency.1 
For the general population, HIIT can increase the activity of oxidase in the 
body of the general population and improve the oxidative capacity of fat, 
compared with LICT, it is a time-saving and efficient exercise method.2,3  

 Studies have shown that active recovery (moderate to low-intensity 
exercise or muscle stretching) between periods of high-intensity training 
is better than passive recovery (complete rest) for athletes’ athletic perfor-
mance and performance, but strong evidence is still lacking, and some 
studies Negative results were obtained, and even conflicting conclusions 
appeared.4,5 Therefore, the author took young male long-distance runners as 
subjects, and the purpose was to compare the effects of different recovery 
methods on VO2max, MAV, time to exhaustion, T90VO2max and T95VO2max 
during 8 weeks of 30s (105-110mv intensity), so as to formulate and improve 
the athletes, the optimal training methods for athletic ability and athletic 
performance provide theoretical and practical basis.6,7

METHOD
Research object

Forty young male long-distance runners from sports schools (the main 
event is middle and long-distance running, all national first-level athletes) 
voluntarily participated in this experiment. They were randomized into an 
active recovery group (AR, n=20) and a passive recovery group (PR, n=20), 
with active recovery (continued low-intensity exercise during the 8-week 
HIIT (30sIT) period) and passive recovery (complete rest during the interval).8 

The author was reviewed and approved by the Ethics Committee 
of xxx University (202103056). This experiment was completed in the 
Sports Human Science Laboratory of the Institute of Sports Science.9 The 
general characteristics of the subjects are shown in Table 1, there were no 
significant differences in baseline variables such as age, height, weight, 
body mass index, body fat percentage, and training years between the 
two groups of subjects before the test (P>0.05). 

Experimental Design
Subjects performed a total of 3 tests and 8 weeks of training. Test 

1: Familiarize yourself with the laboratory environment and testing 
procedures, conduct questionnaires and measure body morphological 
indicators (height, weight, body mass index, body fat percentage, etc.). 
Test 2: The maximal aerobic capacity was determined using an incre-
mental load exercise test, and VO2max and MAV were recorded. Test 3: 
Interval exercise capacity was measured using a high-intensity interval 
failure test. The above adjacent tests are at least 2d apart and completed 
within 2 weeks. Afterwards, subjects performed HIIT for 8 weeks, and the 
above tests were repeated 48 hours after the last training session, all tests 
were performed at 7:00-9:00 am to reduce the influence of biological 
rhythms, the test sequence of subjects was randomized. 

Determination of body morphological indicators
The measurement requires an empty stomach in the morning, 

emptying of urine, light clothing, and bare feet. The height (m) and weight 
(kg) were measured by the physique detection component, and the error 
was accurate to 0.01m and 0.1kg, respectively, and the body mass index 
was calculated = weight (kg)/height (m)2 . Body fat percentage was 
determined by impedance method using a body composition analyzer. 

High-intensity intermittent exhaustion test
Subjects performed repeated high-intensity interval exercise on a 

motorized treadmill until exhaustion. First perform 10 minutes of prepa-
ratory activities (5 minutes of jogging, 3 minutes of stretching, 10 times 
of 10m accelerated sprints), and then start the formal test after 5 minutes 
of rest. Both groups exercised at 105MAV intensity for 30s repeatedly with 
30s interval (the PR group continued to exercise at 50MAV during the 
interval, while the AR group stood on the treadmill to rest completely 
until exhaustion, and the exhaustion time was recorded. 

Statistical analysis
Statistical analysis and processing of data were performed using SPSS 

20.0. The data are expressed as “mean ± standard deviation”, the indepen-
dent samples T test was used for the comparison between AR and PR 
groups, and the paired T test was used for the comparison within the group 
before and after training. P<0.05 was considered significant difference.10

Ethical Compliance 
Research experiments conducted in this article with animals or 

humans were approved by the Ethical Committee and responsible au-
thorities of University of Visayas Graduate School following all guidelines, 
regulations, legal, and ethical standards as required for humans or animals.

RESULTS
Comparison of MAV and VO2max in two groups of incremental 
loading test

MAV: Compared with before training, the MAV of both groups increased 
significantly in the 5th week of training and after training (P<0.05); Com-
pared with the 5th week of training, there was no significant difference in 

Table 1. Comparison of baseline variable characteristics of subjects in the two groups 
before the trial.

AR group(n=20) PR group(n=20)
age(y) 22.5±3.6 21.7±3.2

height(m) 1.81±0.03 1.79±0.04
weight(kg) 63.8±7.9 64.5±6.3

Body mass index(kg/m²) 19.6±25 20.1±2.3
body fat percentage(%) 14.5±2.0 14.7±1.8
Years of training (years) 8.5±1.7 9.0±2.2
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Figure 1. Time course changes of MAV before training, training week 5 and after 
training.
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MAV between the two groups after training (P>0.05); Compared with the 
AR group, there was no significant difference in MAV at each time point in 
the PR group (P>0.05) (Table 2 and Figure 1). VO2max: Compared with before 
training, the absolute value (L/min) and relative value (mL/kg/min) of VO2max 
in AR group increased significantly after training (P<0.05), but there was no 
significant change in PR group (P> 0.05); Compared with the PR group, the 
absolute and relative values of VO2max in the AR group were significantly 
increased after training (P<0.05). (Table 2)

Comparison of ET, T90VO2max and T95VO2max in the high-in-
tensity intermittent exhaustion test between the two groups

ET: Compared with before training, ET in both groups increased 
significantly after training (P < 0.05); Compared with PR group, ET in 
AR group before and after training increased significantly(P < 0.05) 
(Table 3). Absolute values of T90VO2max and T95VO2max: Compared with 
before training, the absolute values of T90VO2max and T95VO2max in AR 
group increased significantly after training (P<0.05), while there was no 
significant change in PR group (P>0.05); Compared with the PR group, 
the absolute values of T90VO2max and T95VO2max in the AR group were 
significantly increased before and after training (P<0.05) (Table 3). 

Relative values of T90VO2max and T95VO2max (ET): Compared with 
those before training, there was no significant change in the relative 
values of T90VO2max and T95VO2max in both groups after training (P>0.05); 
Compared with the PR group, the relative values of T90VO2max and 
T95VO2max in the AR group were significantly increased before and after 
training (P<0.05). (Table 3) 

DISCUSSION
The authors’ main objective was to compare different recovery mo-

dalities (positive recovery vs passive recovery) during the 8-week HIIT 
interval, effects on athletic performance in young male distance runners. 
Several previous studies have reported the acute physiological effects of 
HIIT. In the HIIT program formulated in this study, the exercise intensity 
was 105-110MAV, the exercise time and recovery time were both 30s, and 
the recovery period was passive recovery or active recovery (50MAV). The 
weekly training load was obtained by multiplying the average exercise 
intensity, duration, number of completed sets and exercise frequency 
during HIIT, and the results showed that the training load was basically 
the same between different recovery methods. 

CONCLUSION
The purpose of this study was to observe the long-term physiological 

effects of HIIT (30sIT mode), and to explore the impact of different recovery 
methods on athletic ability and athletic performance in young male long-
distance runners, the results showed that, 8 weeks of training can increase 
the MAV and ET of both groups, but has no effect on the relative values of 
T90VO2max and T95VO2max, there is no significant difference in MAV between 
the two groups, and ET in the AR group is significantly higher than that in 

the PR group, in addition, after training, only the absolute values of VO2max, 
T90VO2max and T95VO2max in AR group increased. Therefore, from a practical 
point of view, if the goal of HIIT training is to improve VO2max, the use of 
active recovery (50MAV) during the interval can significantly improve the 
athletic ability and sports performance of athletes. However, the optimal 
exercise load for HIIT and the optimal training method to improve VO2max 
and exercise performance still need further research to confirm.

All authors declare no potential conflict of interest related to this article

Table 2. Comparison of MAV and VO2max before and after training in the two groups.

AR group PR group

MAV (km/h)
Before training 17.1±1.8 16.6±16
After training 18.1±1.5A 17.3±1.9A

VO2max (L/min)
Before training 3.9±0.6 3.8±0.5
After training 4.3±0.7Ab 3.9±0.5

VO2max (mL/kg/min)
Before training 61.2±5.8 59.3±4.7
After training 65.3±6.0Ab 60.6±5.6

Note: Compared with before training, AP<0.05; Compared with PR group, BP<0.05.

Table 3. Comparison of ET, T90VO2max and T95VO2max before and after training in 
the two groups.

AR group PR group

ET (s)
Before training 1988.5±453.6b 1015.2±388.0
After training 3125.5±836.5Ab 1206.2±510.3

T90%VO2max (s)
Before training 937.8±297.6b 289.7±87.6
After training 1535.5±512.0Ab 316.7±103.6

T90%VO2max (%ET)
Before training 47.6±8.9b 28.6±4.3
After training 49.1±10.1b 26.2±5.8

T95%VO2max (s)
Before training 426.2±115.6b 105.7±26.8
After training 778.5±201.0Ab 116.9±31.2

T90%VO2max (%ET)
Before training 21.9±6.6b 10.3±3.8
After training 24.7±5.3b 9.7±2.9

Note: Compared with before training, AP<0.05; Compared with PR group, BP<0.05. 

Note: Compared with before training, AP<0.05.
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