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INTRODUCTION
Inspiratory muscle weakness is associated with slow oxygen uptake 
kinetic, lower limb muscle weakness, and exercise intolerance [1]. 
It has also been identified as a limiting factor for exercise performance 
in patients and sedentary individuals [2,3]. Respiratory muscle train-
ing (RMT) has been introduced as a clinical approach for those with 
chronic heart failure or cardiopulmonary disease, as well as the el-
derly, to improve their inspiratory muscle strength, exercise tolerance, 
and quality of life [4,5]. RMT is designed to reduce perceived breath 
effort and breath work, which results in the delay of respiratory 
muscle fatigue and attenuation of the respiratory muscle metabore-
flex [6]. RMT is known to provide health benefits for haemody-
namic and autonomic regulation, which may result in decreasing 
resting sympathetic activity in addition to baroreceptor sensitivity 
and sympathovagal balance improvements [7].

Traditionally, RMT is performed at rest and mainly applied to 
patients for improvements in disease outcomes or quality of life [4,5], 
but in recent years exercise scientists have begun to consider the 
role of RMT during exercise and its value in providing a synergetic 
benefit with improvements in health and performance. The Elevation 
training mask (ETM 2.0, Training Mask LLC, Cadillac, Michigan, 
USA) was introduced in the commercial fitness market and is pur-
portedly designed for the simulation of altitude training. The adjust-
able resistance cap provides different inspiratory resistance loads 
that are claimed as “altitude resistance” which ranges from 914 m 
to 5,486 m. A previous study reported that additional RMT training 
(2 times/week) combined with conventional training improved row-
ing performance in female competitive rowers, both in a 6 min all-out 
and a 5,000 m trial [8]. Even though RTM combined with training 
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as follows: 1) participants who were aged 20-40 years, 2) able to 
participate in cycling exercise, and 3) body fat percentage under 
30%. If participants fell outside these parameters and/or had car-
diopulmonary-related diseases, they were excluded. This study was 
approved by the university’s Institutional Review Board (IRB) and all 
participants received information of the study procedure, benefits, 
and risks of the experiment before providing written consent. During 
the study period, five participants dropped out for personal reasons. 
Therefore, 15 participants (male, n=9, female, n=6) completed this 
study. Participants’ basic characteristics are presented in Table 1.

Study Design
This study was conducted in a randomized and crossover design. 
Participants reported to the human performance laboratory three 
times during the study period. In the first visit, participants’ height, 
body weight, body fat percentage, respiratory function, and VO2peak 
were measured to assess basic characteristics. In the second and 
third visits, participants randomly completed two trials of cycling 
exercise protocols with or without an ETM. Forty minutes of the 
cycling exercise protocol was divided into 10 minutes of 1) resting, 
2) 50% of VO2peak cycling, 3) 70% of VO2peak cycling, and 4) recov-
ery, with a seven-day interval between trials. During this seven-day 
interval, participants were asked to carry on their normal activities 
and not to change any exercise habits. Heart rate, blood pressure, 
SPO2, heart rate variability, self-perceived fatigue and self-perceived 
breath efforts were measured at each phase. The study procedure is 
shown in Figure 1.

Methodology
Height, body weight, and body fat percentage. Height and body 
weight were measured to the nearest 0.1 cm and 0.1 kg, respectively, 

showed performance improvement, the different equipment 
(i.e., manufacture or model) may have caused different outcomes in 
performance improvement. Recently, two studies that utilized the 
ETM 2.0 device during high-intensity cycling exercise or physical 
training did not show aerobic performance improvement in healthy 
adults and Reserve Officers’ Training Corps (ROTC) cadets, respec-
tively [9,10]. Although many athletes in American football, various 
types of martial arts, and CrossFit use this equipment during high‑in-
tensity aerobic or resistance training, it is still unclear whether this 
equipment truly provides synergetic benefits for health and perfor-
mance.

In this context, we believe that understanding about the physio-
logical responses to wearing an ETM during exercise is important 
not only to assess its potential as a prospective ergogenic aid, but 
also to design ETM-utilizing exercise protocols. Heart rate variability 
(HRV) assessments would provide information on how cardiac auto-
regulation is altered by wearing the ETM at rest, during exercise, and 
recovery because HRV indices reflect the extrinsic regulation of heart 
rate that involves sympathetic, para-sympathetic activities, and sym-
pathovagal balance [11]. Therefore, the purpose of this study was 
to examine the acute effects of the ETM on haemodynamics and 
HRV at rest, during cycling, and recovery. It was hypothesized that 
the ETM would show significant differences in blood pressure, oxygen 
saturation level (SPO2), and HRV responses compared to a control 
trial without the ETM.

MATERIALS AND METHODS 
Subjects
Initially, 20 healthy male and female adults enrolled in this study. 
All participants were recruited by advertisements such as flyers and 
oral presentations in the university. Inclusion criteria of this study are 

Fig. 1. The study procedure.
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with a stadiometer (PAT #290237, Novel Products, Rockton, USA) 
and a digital scale (HD-366, Tanita, Tokyo, Japan). Three sites of 
skinfold thickness were measured by one trained researcher using 
Lange skinfold calipers (Beta technology, Santa Cruz, CA, USA) to 
estimate body fat percentage. The three sites of males were chest, 
abdominal, and thigh, while for females they were triceps, supraili-
ac, and thigh. Each site was measured three times at the right side 
of the body, and the average score was recorded. Body density was 
calculated using the Jackson Pollock method [12] and body fat per-
centage was estimated by the Siri equation [13].

Respiratory function. The respiratory function test was measured 
using an electronic spirometer (MicroLab, CareFusion, USA). The 
test is purportedly performed to examine respiratory diseases such 
as asthma and chronic obstructive pulmonary disease (COPD). If any 
subjects had symptoms of airflow obstruction (i.e., ratio of forced 
expiratory volume in one second (FEV1) / forced vital capacity (FVC) 
< 0.7, FEV1 % predicted < 80%), they were excluded from the 
study [14]. Participants first sat in a chair for 5 minutes before they 
started the test. After 5 minutes, participants put on a nose clip and 
a spirometer mouthpiece. The respiratory function test consists of 
1) three normal breaths, 2) a maximal deep inhalation followed by 
a 3) forceful exhalation, and 4) three more normal breaths. All par-
ticipants were tested three times, and the highest scores of FEV1 and 
FEV1/FVC were recorded.

Blood pressure and SPO2. Blood pressure and SPO2 were measured 
once at rest, during cycling (50% and 70% of VO2peak), and during 
recovery. Blood pressure was measured with a mercurial sphygmo-
manometer (BMS 12-525, Graham Field Inc., USA) by a trained 
technician, and SPO2 was measured with a pulse oximetry saturation 
analyzer (Checkmate, Israel). The values were recorded as mmHg 
and percentages, respectively.

Peak oxygen uptake test. Participants performed a VO2peak test 
on a cycle ergometer (894E, Monark, Sweden) while interfaced with 

a True-One 2400 metabolic cart (ParvoMedics, East Sandy, Utah, 
USA) to accurately prescribe exercise intensities for the cycling ex-
ercise. Participants performed cycling with an initial work rate equal 
to 60 W (1 kp ) and a pedalling rate of 60 revolutions per minute 
(RPM) for 2 minutes. Thereafter, the work rate increased by 30 W 
(0.5 kp) every 2 minutes until the participant reached exhaustion. 
VO2peak was determined when participants met at least 2 of the 
following conditions; (a) inability to keep up the pedalling rate of 
60 rpm for more than 5 seconds with verbal encouragement, (b) re-
spiratory exchange ratio (RER) 1.10, (c) rating of perceived exertion 
(RPE) ≧19 (Borg 6–20 scale), or (d) volitional fatigue.

Fig. 2. The application of ETM and the HRV measures.

TABLE 1. Basic characteristics of participants (mean ± s).

Variables Total (N=15) Male (N=9) Female (N=6)
Age (years) 27.0 ± 1.14 28.1 ± 1.52 25.3 ± 1.63
Height (cm) 171.3 ± 2.60 176.4 ± 3.02 163.6 ± 2.46
Weight (kg) 72.7 ± 4.04 80.1 ± 4.90 61.6 ± 3.96
Body fat percentage (%) 16.4 ± 2.40 11.7 ± 2.00 24.7 ± 1.71
Systolic BP (mmHg) 118.1 ± 3.28 125.4 ± 2.69 107.0 ± 4.16

Diastolic BP (mmHg) 70.3 ± 1.86 72.9 ± 2.13 66.3 ± 2.86

FVC (%) 91.0 ± 2.26 91.6 ± 3.07 90.2 ± 2.26
FEV1/FVC ratio 0.9 ± 0.02 0.9 ± 0.02 0.9 ± 0.04
VO2peak (ml/kg/min) 34.1 ± 1.29 36.1 ± 1.64 31.1 ± 1.50

BP; blood pressure, FVC; forced expiratory volume in one second, FVC/FEV1; forced vital capacity/forced expiratory volume in one-
second ratio.
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Elevation training mask. The elevation training mask (ETM 2.0, 
Training Mask LLC, Cadillac, Michigan, USA) is a device on the 
commercial fitness market that claims to improve athletic performance 
by simulating training at altitude via restricting airflow. The ETM 
covers the nose and mouth with a neoprene band and flux valves 
that adjust the resistance of the respiration. There are four different 
types of plastic resistance caps (i.e., 8, 4, 2, and 1-hole open caps) 
with the smaller air hole caps in the flux valves causing increased 
resistance, making it more difficult to breathe while wearing the mask 
and thereby simulating higher altitude. In the current study, the ETM 
mask was adjusted to simulate an altitude resistance of 1,829 m.

Statistical analysis
Statistical analyses were performed with SPSS software version 25.0 
(SPSS Inc. Chicago, IL, USA). All data are expressed as means and 
standard errors. The Kolmogorov-Smirnov test was used to analyze 
the normal distributions of dependent variables. If any dependent 
variables were not normally distributed, a natural logarithmic trans-
formation was performed to meet the assumptions of parametric 
statistical analysis. 2 (trial) x 4 (time) factorial analysis of variances 
(ANOVAs) for repeated measures were used to assess the effects of 
wearing an ETM on blood pressure, SPO2, heart rate variability, and 
self-perceived fatigue and breath effort. If any significant interaction 
or main effects were detected, Tukey’s HSD post-hoc test was applied. 
Effect sizes were reported as partial eta-squared (η2

p) indicating a 
small effect =.01, medium effect =.06, large effect =.14 [18]. The 
significance level was set at.05 for all tests.

RESULTS 
Changes in haemodynamics
The changes of blood pressure and SPO2 are presented in Table 2. 
There were no significant interaction effects for group by time on 
blood pressure, p >.05. However, the systolic BP was greater in the 
MASK than the CON trial at rest (p=.035, η2

p=.279). Regarding 

Heart rate variability. Participants were instructed not to drink 
any caffeine-containing products for at least 24-48 hours before any 
of the tests. An Acti-Cardio monitor (CamNtech, UK), which traces 
the electro cardiograph (ECG), measured the HRV variables using 
two electrodes adhering to the participant’s upper chest (5th inter-
costal space and 10 cm away on the left side near lead fours and 
five) (Figure 2) [15,16]. Sample rate and resolution were set at 
1,024 Hz and 10-bit. Participants’ ECGs were recorded for 40 con-
tinuous minutes for all phases of the test. For HRV analysis, a 5-min-
ute period of each phase free of noise was selected according to the 
task force criteria of the European Society of Cardiology [17] and 
data were analyzed using the Activewave-Cardio Analysis software 
program (version 3.0.8, CamNtech, UK). The HRV variables re-
ported with time included average heart rate, inter-beat interval (IBI), 
standard deviation of the IBI interval (IBISD), and root mean squared 
successive difference (RMSSD). Those reported with frequency do-
mains included low-frequency (LF) and high-frequency (HF) compo-
nents, and the ratio between LF and HF components (LF/HF ratio).

Self-perceived fatigues and breath effort. To measure perceived 
muscle fatigue and breath effort, subjects’ subjective feelings were 
evaluated at the end of each phase using Borg’s 6-20 rating of 
perceived exertion scale (RPE) for overall fatigue and a modified scale 
(range from 0 to 10) for the rate of perceived breath effort (RPBE). 
The number ‘0’ indicates that the participant perceived no breathing 
effort at all while ‘10’ indicates the maximal effort of breathing.

Cycling exercise. Prior to cycling exercise, participants sat qui-
etly on a chair for 10 min as a rest phase, then performed the cycling 
exercise (Monark 894E, Sweden) for 20 min at two different inten-
sities: 50% of VO2peak for the first 10 min and 70% of VO2peak for 
the next 10 min. The average loads of 50% and 70% VO2peak were 
1.4 ± 0.37 kp and 2.1 ± 0.55 kp, respectively. Participants main-
tained a pedalling rate of 60 RPM during cycling. After completion 
of cycling, participants sat on the chair for 10 min as a recovery 
phase.

TABLE 2. Changes in blood pressure and SPO2 at rest, during cycling, and recovery (mean ± s).

Rest 50% Cycling 70% Cycling Recovery
F-value [η2

p]

Group Time G x T

Systolic BP
(mmHg)

CON 110.1 (2.15) 130.3 (5.87) 147.1 (8.47) 114.5 (3.10) 5.43*

[.279]
45.92*

[.766]
0.89

[.060]MASK 114.5+ (3.42) 136.0 (5.95) 160.4 (7.91) 118.5 (2.43)

Diastolic BP
(mmHg)

CON 68.4 (1.94) 72.0 (3.26) 71.0 (3.09) 67.9 (2.68) 0.12
[.009]

1.32
[.086]

0.15
[.011]MASK 69.6 (1.98) 73.1 (3.02) 72.5 (3.11) 68.7 (2.40)

SPO2 (%)
CON 97.7 (.21) 97.3 (.18) 97.0 (.14) 97.3 (.25) 7.98*

[.363]
11.96*

[.461]
3.74*

[.211]MASK 97.9 (.19) 96.9 (.19) 96.1+ (.17) 97.0 (.17)

BP; blood pressure, G x T; group x time; +p<.05, significant different between the groups; *p<.05, significant main or interaction 
effects.
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SPO2, there was a significant interaction effect for group by time 
(p=.033, η2

p=.211). SPO2 level was significantly lower in the MASK 
than the CON trial during high-intensity cycling (70% of VO2peak).

Changes in heart rate variability
Table 3 presents the changes of HRV indices with time and fre-
quency domains. The HRV indices were not significantly different 
between trials at rest and during cycling. However, heart rate (p=.047, 
η2

p=.253.) was significantly greater while IBI (p=.05, η2
p=.233) 

was lower in the MASK than the CON trial during recovery. Regard-
ing frequency domains, the lnLF/HF ratio was significantly lower in 
the MASK than the CON trial during recovery (p=.01, η2

p=.373). 
However, no significant interaction or group effects were observed in 
lnLF and lnHF. The HRV indices including time and frequency domains 
were significantly changed across time in both trials (p<.001).

Changes in self-perceived fatigue and breath effort
There were no significant interaction effects for group by time on RPE 
and RPBE during the study. RPE (F=24.43, p<.001, η2

p=.636) 
and RPBE (F=70.83, p<.001, η2

p=.835) increased significantly 
as cycling intensity increased in both trials, but the RPBE was great-
er in the MASK than the CON trial across time (F=40.18, p<.001, 
η2

p=.742).

DISCUSSION 
Elevation training masks have been widely used in the athletic and 
recreational communities. Although the company claims that the 

increase in respiratory load, known as ‘altitude resistance’, improves 
respiratory muscle weakness and aerobic performance, it is unknown 
how cardiovascular function is altered in response to wearing an ETM 
during exercise and recovery. This study examined the acute effect 
of wearing the ETM on haemodynamics and HRV at rest, during 
cycling, and during recovery in healthy adults. The main findings of 
the study were as follows; 1) a greater response in systolic BP was 
observed at rest while SpO2 was lower during high-intensity cycling 
(70% of VO2peak) in the MASK trial compared to the CON trial, 2) the 
HRV indices were not different between trials during cycling, but 
heart rate was greater and IBI was lower in the MASK than the CON 
trials during recovery, 3) sympathovagal balance (lnLF/HF ratio) was 
lower in the MASK than the CON trial during recovery, and 4) per-
ceived breath effort was greater in the MASK than the CON trial 
across all time points.

Haemodynamic changes
In the present study, a greater response in systolic BP was observed 
at rest while SPO2 was lower during high-intensity cycling (70% of 
VO2peak) in the MASK than the CON trials. Cardiovascular functions 
are interactively adjusted in response to respiratory function chang-
es, such as breath frequency. The increase in respiratory load re-
duces the breath frequency rate, and this change influences the kinet-
ics of oxygen consumption and CO2 expiration [19]. It is commonly 
accepted that acute exposure at high altitude (>3,000 m) immedi-
ately increases the ventilation and decreases the arterial partial pres-
sure of oxygen due to the low partial pressure of oxygen [20].  

TABLE 3. Changes in HRV indices with time and frequency domains at rest, during cycling, and recovery (mean ± s).

Rest  50% Cycling  70% Cycling Recovery
F-value [η2

p]

G T G x T

Ti
m

e 
do

m
ai

n

Heart rate 
(beat/min)

CON 74.5 (3.34) 129.3 (5.89) 157.4 (4.61) 99.5 (4.25) 4.86*

[.253]
332.42*

[.964]
1.04

[.030]MASK 78.4 (2.20) 131.7 (4.49) 164.0 (4.53) 106.7+ (3.61)

IBI
(sec)

CON .826 (.035) .477 (.021) .384 (.012) .610 (.023) 3.97*

[.233]
299.28*

[.958]
1.01

[.103]MASK .773 (.021) .462 (.016) .370 (.010) .570+ (.017)

IBISD
(sec)

CON .082 (.009) .022 (.002) .012 (.002) .089 (.043) .56
[.038]

9.61*

[.407]
1.20

[.079]MASK .088 (.006) .024 (.006) .009 (.001) .040 (.005)

RMSSD 
(sec)

CON .07 (.011) .02 (.004) .01 (.002) .03 (.007) .26
[.018]

35.53*

[.717]
1.02

[.068]MASK .10 (.041) .01 (.003) .01 (.002) .03 (.006)

Fr
eq

ue
nc

y 
do

m
ai

n

lnLF
CON 6.4 (.33) 3.0 (.39) 0.8 (.33) 4.9 (.27) .02

[.001]
120.66*

[.896]
3.10

[.181]MASK 6.9 (.22) 2.6 (.34) 0.2 (.38) 5.3 (.32)

lnHF
CON 5.4 (.39) 1.6 (.44) 0.01 (.42) 2.9 (.44) 2.84

[.169]
83.25*

[.856]
2.48

[.150]MASK 6.1 (.20) 2.3 (.47) -0.4 (.47) 4.2 (.36)

lnLF/HF
CON 1.2 (.07) 1.9 (.41) 0.7 (.78) 2.2 (.29) 8.34*

[.373]
5.53*

[.283]
1.55

[.100]MASK 1.1 (.03) 1.1 (.41) -0.5 (.26) 1.3+ (.09)

G; group, T; time, G x T; group x time, IBI; inter beat interval, IBISD; standard deviation of the IBI, RMSSD; root mean squared 
successive difference, lnLF; natural logarithm of low frequency, lnHF; natural logarithm of high frequency; +p<.05, significant different 
between the groups; *p<.05, significant main or interaction effects.
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maximal inspiratory pressure increased HR and blood pressure in 
healthy males [24].

Regarding frequency domains, the lnLF and lnHF powers decreased 
as cycling intensity increased in both trials, but the variables were 
not different between the MASK and CON trials in the present study. 
Traditionally, LF power represents both sympathetic and parasym-
pathetic modulation while HF power indicates parasympathetic ac-
tivity [11]. It has been demonstrated that autonomic transition oc-
curred toward sympathetic dominance when shifting from rest to 
exercise, such as cycling [25]. Previous studies also reported that 
frequency domains including LF and HF powers decreased as exer-
cise intensity increased until the heart rate reached 120 to 180 beat/
min [25,26], and this change continued until the first ventilation 
threshold [27]. Moreno’s study also supports our result that fre-
quency domains of HRV (i.e., LF, HF) are reduced while HR in-
creases during moderate-intensity exercise (60% of VO2peak) [28]. 
However, while the lnLF/HF ratio increased from rest (1.2) to mod-
erate-intensity cycling (1.9) in the CON trial, this score did not change 
in the MASK trial (1.1 at rest and moderate-intensity cycling) in this 
study. It was believed that the sympathetic dominance during mod-
erate-intensity exercise caused the increase in LF/HF ratio (sympa-
thovagal balance) due to HF power withdrawal concomitant with 
increased LF power [29]. As respiratory variation is a primary factor 
for vagal modulation, it was assumed that an ETM-induced longer 
respiration phase might not diminish the vagal activity. After cycling 
exercise, lnLF/HF ratio was lower in the MASK than the CON trial in 
this study and this particular finding may be due to the restoration 
of the HF power from the cycling exercise. Although there was no 
significant difference in lnHF power between the trials during recov-
ery, the mean lnHF power was greater in the MASK than the CON 
trial (4.2 vs 2.9), whereas the mean lnLF power showed similar 
values (5.3 vs 4.9). Nevertheless, it is premature to definitively 
conclude that our result is directly related to parasympathetic pre-
dominance, but perhaps it is because other physiological variables, 
including heart rate and IBI, were greater in the MASK than the CON 
trial despite the lower sympathovagal balance during recovery. We 
carefully assumed that even though extrinsic controls of heart rate 
(i.e., sympathetic and parasympathetic control) are changed by the 
ETM, the intrinsic controls of heart rate such as SA node might in-
crease to compensate the changed autonomic regulations to remove 
the metabolic by-products after exercise. The present study confirms 
that wearing an ETM delays the cardiac-autonomic recovery from 
cycling exercise.

Perceived fatigue and breath effort
Rate of perceived exertion is a practical method to measure fatigue 
rate during exercise. In the present study, perceived fatigue did not 
differ between trials, but perceived breath effort was greater in the 
MASK than the CON trials across time. It was assumed that increased 
respiratory load decreased ventilation, and decreased ventilation 
might be associated with psychological discomfort. Our assumption 

In contrast to altitude exposure, Grandos and colleagues reported 
that an increase in respiratory load during steady state exercise did 
not increase the ventilation rate, but increased respiratory load may 
change metabolic CO2 in the respiratory tract without significant 
changes in oxygen consumption kinetics [19]. The author assumed 
that the increased respiratory load might influence the ventilatory 
equivalents, leading to a decrease of the peripheral oxygen saturation 
level during exercise. The present study also found a similar result, 
as a greater decrease in O2 saturation level was found in the MASK 
trial than the CON trial during cycling, but the difference was only 
observed during high-intensity (70% of VO2peak) cycling. The differ-
ences between the present and previous studies may be associated 
with various factors such as different altitude resistance (1860 m vs 
2743 m, 4572 m), subjects (both male and female vs male alone), 
exercise type (cycling vs treadmill), and intensity (50% and 70% vs 
60% of VO2peak). Additionally, it was assumed that respiratory func-
tion may not be a limiting factor for peripheral oxygen carrying capac-
ity at rest or during moderate-intensity cycling in healthy adults 
despite the loaded respiration. However, the increased respiratory 
load during high-intensity cycling may be less sufficient for the kinet-
ics of oxygen consumption to meet the exercise demands in working 
muscle (i.e., metabolic demands); thus it can be postulated that 
wearing an ETM during high-intensity cycling induces modest arte-
rial hypoxaemia in healthy adults. Despite the ETM inducing modest 
arterial hypoxaemia, it is difficult to confirm that this device could 
provide similar beneficial effects of altitude training on haemato-
logical changes such as increased red blood cell and  
erythropoietin concentrations. A previous study reported that exposure 
to hypoxic conditions with an ETM for 60 minutes per week for  
6 weeks was not sufficient to change the haematological variables [9]. 
Another study also revealed that 6 weeks of physical training  
with an ETM did not improve aerobic capacity in ROTC  
cadets [10].

Heart rate variability
The present study hypothesized that wearing an ETM during cycling 
would greatly influence HRV compared to not wearing an ETM. Al-
though the HRV indices were not different between the trials at rest 
and during cycling, the heart rate was greater while the IBI was 
lower in the MASK than the CON trial during recovery. It has been 
demonstrated that respiration plays an important role in modulating 
HRV as well as the baroreflex [21]. The increase in respiratory re-
sistance changes the inspiration process from passive to active, which 
results in recruiting an additional respiratory muscle group (i.e., 
sternocleidomastoid) [22]. Along with the additional muscle recruit-
ment, slow oxygen consumption kinetics with loaded respiration may 
change the signalling in the central cardiovascular centre, which 
results in increasing heart rate and blood pressure. Another explana-
tion may involve the intensive activation of the diaphragm metabore-
flex, which can lead to increased sympathetic activity [23]. In agree-
ment with our results, McConnell and Griffiths found that 30% of 
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is supported by a previous study which found that perceived breath 
effort is positively associated with ventilation [30].

Limitations
Some limitations should be considered in this study. First, breath 
frequency rate was not measured in the present study. Even though 
previous studies demonstrated that the increase in respiratory load 
reduced the breath frequency rate [19], the absence of breath fre-
quency rate measurement may limit explanation of the association 
between breath frequency rate and HRV in this study. Secondly, this 
study only tested in one condition with altitude of resistance of 1,829 
m, even though the company introduces various altitude resistance 
conditions (914 m to 5,486 m). Therefore, applying different altitude 
resistances during exercise may result in different outcomes.

CONCLUSIONS 
Our findings suggest that wearing an ETM (altitude resistance, 
1,829 m) during high-intensity cycling (70% of VO2peak) induces 
modest hypoxaemia. Although this device does not affect HRV 
changes during cycling, it seems to delay the cardiac-autonomic 
recovery from exercise. Based on this study, healthy adults may be 
able to follow an ETM-utilizing exercise programme to simulate a 

hypoxic environment, but future studies are needed to investigate 
whether repeated exposure to this condition provides similar benefits 
as altitude training in healthy adults.

Practical applications
The elevation training mask has been used in the health and ath-
letic communities to improve performance. Although the company 
claims the beneficial effect of ETM on aerobic performance, the 
evidence is still debatable. Based on our results, wearing an ETM 
during high-intensity exercise (≥ 70% VO2max) simulates modest 
hypoxaemia, but future studies are needed to determine whether this 
modest hypoxic condition can provide performance improvement. 
Additionally, professionals should consider the psychological discom-
fort (i.e., perceived breath effort) and delayed cardiac-autonomic 
recovery when designing an ETM-utilizing exercise programme for 
healthy adults.
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