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In order to remain competitive, athletes and coaches are constantly looking
for ways to enhance performance. The aim of this study was to investigate
the effect of HIFT training and hypoxia mask on maximum oxygen
consumption and respiratory efficiency of the players of Iran's men's national
ice hockey team. In this semi-experimental study, 14 players of the Iranian
national ice hockey team were divided into two HIFT and HIFT exercise with
hypoxia mask groups, then both HIFT groups and HIFT exercise with hypoxia
mask, performed HIFT training sessions with 30 seconds repetition and five
sets for about an hour, three sessions a week for six weeks. maximum oxygen
consumption (VO2max) and respiratory efficiency (VE/VCO2) were measured
using gas analyzer. The results showed that HIFT and HIFT with hypoxia mask
have an increasing effect on VO2max, but there was no difference between
the effect of HIFT and HIFT with hypoxia mask on VO2max (P=0.390).
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Extended Abstract

Athletes are always looking for a way to gain an edge over their opponents. Some of the
methods adopted by elite and amateur athletes alike are altitude and respiratory muscle
training (1). These training methods increase aerobic capacity (VO2max), endurance,
ventilatory threshold and power output, lung function, and overall performance in
athletes (2). Respiratory muscle training can be performed using an altitude training
mask designed to simulate altitude training conditions during training at sea level (3).
Findings by Segizbaeva and Aleksandrova (2018) demonstrated improved physiological
properties and functional reserve of respiratory muscles while wearing a training mask
during a six-week high-intensity interval training (HIIT) program (4). However, Faghy et
al. (2021) showed that pulmonary function did not differ between groups before the
intervention and was unchanged after training (5 km time trial and six weeks of HIIT (3
sessions per week at a speed equivalent to 95% of V'O2 peak) and altitude training
mask intervention in men (6).

High-intensity functional training (HIFT) is also a training method that emphasizes
functional and multi-joint movements that can be adapted to any level of physical fithess
(8). Studies evaluating the effectiveness of HIIT programs have documented
improvements in metabolic and cardiorespiratory adaptations (9,11). Ice hockey is a
high-intensity interval team sport that is performed during continuous skating at different
speeds, as well as different directions and paths (14). The effects of various training
methods and functional tools on improving the performance and respiratory system of
ice hockey players have been less studied. Therefore, the present study aims to
investigate the effect of HIFT and hypoxia mask training on the respiratory system
performance of Iranian men's national ice hockey team players.

Method

In this semi-experimental study, 14 players of the Iranian national ice hockey team
(Age: 26.6+4.4 years; weight: 86.17+0.8 kg and body mass index: 27.6+1.4 kg/m2)
were divided into two HIFT and HIFT exercise with hypoxia mask groups, then both
HIFT groups and HIFT exercise with hypoxia mask, performed HIFT training sessions
with 30 seconds repetition and five sets for about an hour, three sessions a week for six
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weeks. Before and after the training session, anthropometry, body composition,
maximum oxygen consumption (VO2max) and respiratory efficiency (VE/VCO2) were
measured using Body composition analysis device and gas analyzer. The data were
analyzed using the analysis of covariance test at the P<0.05.

Results

The results showed that HIFT exercise and HIFT exercise with hypoxia mask have an
increasing effect on VO2max in elite ice hockey men, but there was no difference
between the effect of HIFT exercise and HIFT exercise with hypoxia mask on VO2max
(P=0.390). After the training, VE/VCO2 decreased in both groups, but there was no
difference between the effect of HIFT training and hypoxia mask on vE/VCO2 in elite ice
hockey men (P<0.05).

Conclusion

The results of the present study showed that HIFT training had an increasing effect on
VO2 max in elite male ice hockey players. Also, after the HIFT training period, the
VE/VCO2 index of elite male ice hockey players decreased. It can be said that the
effectiveness of exercise training is due to the improvement of respiratory muscle
strength and endurance, reduction of inflammation and subsequent reduction of airway
resistance. These factors reduce the apparent resistance of ventilation and will allow for
increased efficient ventilation with less effort. Increasing respiratory muscle strength and
reducing airway resistance during exercise is effective in improving pulmonary function.
Bronchodilation caused by exercise reduces airway resistance and improves ventilation
(17). It has been suggested that high-intensity aerobic exercise increases VO2 max and
activates inactive alveoli. The extent of the effects of exercise on respiratory volumes
depends on age group, race, gender, and intensity and type of exercise, as well as
physical fitness level (19). The mechanism of the improvement in aerobic performance
following HIFT is not well understood, however, several physiological factors may
contribute to this improvement in aerobic performance. Adaptation after HIT training is
usually due to an increase in the structure and function of peripheral vessels, which
leads to improved O2 delivery to tissues and subsequently an improvement in the a-
vO2 difference (9). The improvement in pulmonary function and VO2max after HIFT
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training in the present study supports previous studies in that a high-intensity training
regimen helps improve pulmonary function and VO2max in elite male ice hockey
players. Ice hockey is high-intensity interval team sport performed during continuous
skating at various speeds, as well as in different directions and paths (14). In order to be
successful in international competition, athletes in this sport must be able to meet their
energy needs from both the oxidative and glycolytic systems. Athletes in this discipline
must also have high strength, power, and flexibility to meet the technical skills and
agility required to skate, shoot, and pass the hockey puck (15). These abilities can be
achieved through HIFT training. HIFT uses constantly varied functional exercises and
different durations of activity (21,22). As the results of the present study show, HIFT
training can help improve respiratory function by increasing VO2 max and decreasing
the VE/VCO2 index. Given the lack of studies in this field, more studies are needed to
investigate the effective mechanisms of this type of training on changes in these
indices. The results of the present study also showed that HIFT training with a hypoxia
mask has an increasing effect on VO2 max in elite male ice hockey players. After the
HIFT training period with a hypoxia mask, the vE/VCOZ2 index was associated with a
decrease. Consistent with the results of the present study, several studies have shown
that training with an altitude training mask increases VO2max, endurance, lung function,
and overall performance in athletes (5,23,24). The mechanism of changes in respiratory
function under altitude training mask conditions has been investigated. Altitude training
masks cover the nose and mouth, restricting airflow and making it more difficult for the
athlete to breathe. The device also allows for adjustment of the amount of oxygen
delivered to the mask (24). Altitude training masks induce hypoxic conditions in the
body; acclimatization to altitude occurs when the body increases red blood cell count,
which has been shown to improve running performance at sea level. Hypoxia stimulates
the production of erythropoietin in the kidneys, which increases red blood cell
production. This increases the oxygen-carrying capacity of the blood and is associated
with increased endurance performance (1).

Studies suggest that altitude training masks may be beneficial for endurance
performance by training the respiratory muscles and making it harder for the athlete to
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inhale and exhale (25-27). It appears that the body undergoes physiological changes to
adapt to lower oxygen levels. This adaptation may lead to increases in VO2max,
ventilatory threshold, and power output over time (28,29). A limitation of the present
study is the small sample size, so a similar study measuring these parameters in a
larger sample size is recommended. Future studies should also consider a longer time
period to examine the pulmonary function response to HIFT and altitude training masks.
In summary, the results of the present study showed that six weeks of HIFT and HIFT
training with hypoxia mask improved VO2max in elite male ice hockey players. Based
on the results of the study, it appears that both HIFT and HIFT training with a hypoxia
mask may be able to help improve respiratory function in elite male ice hockey players.
Therefore, given the similar respiratory performance benefits, elite male ice hockey
players could benefit from HIFT training.

Keywords: HIFT exercise, Hypoxia mask, Respiratory System, Ice hockey
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