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Abstract 

The use of an Elevation Training Mask during resistance training bouts has recently been considered a new 

strategy for providing an effective exercise stimulus. To adequately assess athletic performance and explore the 

effect of training programs, it is necessary to understand the responses produced by body systems to bouts of 

resistance training. The aim of the present study is to evaluate the impact of using Elevation Training Mask 

during resistance training on physiological responses and performance variables. 20 male participants were 

randomly assigned to either a control group or a mask group. Participants underwent pre- and post-intervention 

tests including Cardiopulmonary Exercise Testing, Blood Lactate measurements, vertical jump, and Grip 

strength within 48 h before and after the training protocol. No statistically significant differences were seen in 

vertical jump and Grip strength between the two groups. The Mask group showed a significant increase in 

Oxygen Consumption/ Heart Rate, Minute Ventilation/ Oxygen Consumption, Ventilatory Threshold (p< 0.05), 

Maximal Oxygen Consumption, Maximal Heart Rate, Minute Ventilation (p < 0.001), and Blood Lactate (p< 

0.01) compared to the control group. In conclusion, the current study suggested that an Elevation Training Mask 

enhancesthe physiological responses and the performance in resistance training. 
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Introduction 

Athletes and coaches tried to find innovative methods to improve the performance and to make altitude 

training more accessible (Robertson et al., 2010). Several products, strategies, and techniques have been 

suggested such as nitrogen houses, hypoxia tents, and masks, in addition to special breathing apparatuses 

designed to provide inspired hypoxia during training. These products are developed to simulate the critical 

elements of altitude training (Levine, 2002).  Several relevant concepts have been studied carefully such as " 

Intermittent hypoxic training" (IHT), " living low training high" (LLTH), and " living high training low" (LHTL) 

and these concepts are widely used now as a part of training programs to improve exercise performance 

(Meeuwsen et al., 2001). Currently, in the presence of advanced technology, hypoxia can be simulated by using 

altitude simulation hypoxia masks to obtain the best adaptations for enhancing sea-level performance (Hahn & 

Gore, 2001; Stray-Gundersen et al., 2001).  

 

The Elevation Training Mask (ETM) is one of the products that are designed to simulate altitude training. 

This mask covers both nose and mouth and it comes in different opening sizes and flux valves. To simulate 

different degrees of altitude, the openings and valves of the mask can be adjusted by increasing the resistance of 

respiration that makes breathing more difficult. The multi-level resistance function enables users to simulate 

altitudes from 3,000 ft to 18,000 ft. When elevation exceeds 3,900 ft, acute physiological adaptations occur to 

compensate for the reduced partial pressure of oxygen in the atmosphere (Porcari et al. 2016).  Two 

physiological improvements take place early in the acclimatization process and they have particular importance. 

Firstly, an increase in pulmonary ventilation during rest and at exercise. Secondly, an increase in cardiac output 

in the early stages of altitude exposure at rest and during submaximal exercises due to an increase in heart rate 

(Howarth et al., 2009). 

Although resistance training is important to athletic performance, the skeletal muscle response under the 

impact of hypoxia has not been addressed in detail. Unfortunately, only limited research has been conducted on 

adaptations in strength performance that take place when ETM is used in a resistance exercise program (Kon et 
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al., 2010). An optimization of muscle growth has been reported due to acute hypoxic exposure during resistance 

training. This can be explained by the increased aggregation of certain metabolites and hormones that constitute 

key components in signaling critical anabolic responses (Kon et al., 2010; Schoenfeld, 2010).  Moreover, 

hypoxic exposure combined with resistance training contributes to advanced fiber type recruitment that may lead 

to significant increases in maximal strength (Scott et al., 2014).   The manufacturers of ETM claimed that this 

mask could improve the performance in high- volume and high-intensity resistance training assuming that 

oxygen restriction may lead to adaptations related to improved buffering capacity (Jagim et al., 2018). 

Kon et al.(2010) have suggested that adopting systemic hypoxia in resistance training can be just as effective 

as occlusion training in terms of greater anabolic hormone responses. Researchers have also reported that when 

subjects performed leg press and bench press exercises at 50% and 70% of 1 repetition max (1RM) under 

normobaric hypoxic conditions (FiO2= 13%), greater anabolic hormone response and greater accumulation of 

metabolites were seen compared with normoxic conditions. Further studies are still required to explore whether 

short term and moderate-intensity resistance training applied with systemic hypoxia, can result in greater 

muscular strength. Hence, this study aimed to define the different characteristics of training or acclimatization 

between the control group (CON) and the MASK group before and after eight weeks of resistance training.  

 

Material and Methods 

Participants 

20 participants volunteered for the study (age; 24.11±.274 y, body mass; 74.45±6.24 kg, height; 179.30±8.04 

cm, and BMI; 21.90±1.41 kg/m2) for mask group and (age; 23.96±.231 y, body mass; 71.40±7.12 kg, height; 

176.60±10.20 cm, and BMI 21.20±1.13 kg/m2) for the control group. All students had received moderate 

training before and the participant completed a familiarization session before any testing. Participants were 

excluded if they would suffer from metabolic disease or renal, pulmonary, or cardiovascular problems. Before 

the initiation of any testing or training session, it was required to obtain the oral and written signed consent of 

participants. The study was approved by the Institutional Review Board (275). Table (1) showed the physical 

characteristics of the two groups.  

 

 
 

 

Training program 

Participants were assigned randomly to two groups including 10 participants in each group. None of the 

participants had participated in any resistance training for 4 months at least before the initiation of the study. The 

groups carried out their training program (3 sessions per weeklasting 2h after lunch) for 8 weeks on alternate 

days (Sunday, Tuesday, and Thursday). Experienced physical education instructors were responsible for 

supervising each lab training session.  

The Mask group started with warm-up exercises for 10 min followed by resistance training for 40 min (Table 

2) and ended with cool-down exercises for 10 min. During weeks 1 and 2, masks had set to simulate 3,000 ft and 

6,000 ft during weeks 3 and 4, 9,000 ft during weeks 5 and 6, and 12,000 ft during weeks 7 and 8. Participants in 

the Control group started warm-up exercises for 10 min followed by resistance training without ETM and an 

additional elevation for 40 min and finished with cool-down exercises for 10 min.  

Repetition maximum (1RM) was measured for each subject according to existing references.12 Subjects had 

to perform a warm-up set of 8-10 repetitions at 50% of their estimated 1RM and they had to move to a warm-up 

set of 3-5 repetitions at 85% of their estimated 1RM. Participants performed 1RM attempts during 4-5 trials 

separated by 3 min rest intervals to determine squat 1RM. 1RM was measured again and intensity was 

reestablished after 4 weeks of resistance training. 
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The Physiological Responses Testing 

All participants underwent a Cardiopulmonary Exercise Testing (CPET) on an electronic treadmill using 

(MetaMax 3B, Electrochemical sensor, Bidirectional 19200 Baud, CORTEX, Germany) (breath-by-breath 

system) (Macfarlane & Wong, 2012).  It is noteworthy that (CPET) tests were carried out for one week until 48 

hours before the initiation of the training protocol. The height and weight of every participant were measured 

before each (CPET) test.  

After warming up briefly, participants ran for 2 min. at 9.0 (mph) at 0% grade. The speed was increased every 

2 min by 2 km/h until volitional exhaustion. A Polar H7 belt (Polar, USA) was attached to every participant and 

they were asked to give maximum effort so that they reach their maximal capacity. During the Cardiopulmonary 

Exercise Testing (CPET), data were collected including VO2max, RER, MHR, VE, VT, VCO2. Blood Lactate 

(BL) sample was acquired from the fingertip and was measured by the Accusport device (Peter, 2001). 

 

Performance variables tests 

The athletic performance of the participants was measured by two field tests: The Vertical Jump test (VJ) 

where participants jumped as high as possible and made a chalk mark on the wall that was then measured and the 

best of three trials was recorded to the nearest 1.0 cm. In addition, the Grip strength test were used by usinga 

Jamar hand dynamometer to the nearest kilogram of each participant (Lafayette – Model 78010) (Haff&Triplett, 

2015). 
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Statistical Analysis 

Statistical Package for Social Sciences (SPSS) (version 23.0.) and GraphPad Prism (version 8.4.2. GraphPad 

Software 154 LLC, CA, USA) were used to perform all statistical analyses. This study used a 2-way analysis of 

variance (ANOVA) with repeated measures for each group. Data include 'T' value and mean ± standard 

deviation and the statistical significance level was set at (p < 0.05), (p < 0.01), (p < 0.001). 

 

Results 

The descriptive characteristics of participants are illustrated in Table (1) (age, 24.11±.274 y, body mass, 

74.45±6.24 kg, height, 179.30±8.04 cm, BMI 21.90±1.41 kg/m2) for Mask group and (age, 23.96±.231 y, body 

mass, 71.40±7.12 kg, height, 176.60±10.20 cm, BMI 21.20±1.13 kg/m2) for Control group. 

Figure (1) illustrated pre- and post-testing performance variables between control and mask groups in terms of 

VT, BL, HR, VO2max, RER, VE, GS, and VJ. No statistically significant difference was detected between the 

two groups in terms of performance variables. An increase in a vertical jump by 16.54% and in grip strength by 

10.74% in the control group versus increases in the vertical jump of 17.69% and grip strength by 11.54% in the 

mask group. According to other variables, the Mask group showed better improvement in VO2max (17.65%), 

VO2/HR (20%), VE/VO2 (6.86%), RER (19.6%), VT (6.03%), and BL (16.44%). 

Figure (2) clarified line and scatter charts for the CPET for  physiological responses as follows; Maximal 

Oxygen Uptake (VO2 max), Carbon dioxide production (VCO2), Oxygen Uptake/ Consumption (VO2), 

Ventilatory threshold (VT), Minute Ventilation (VE), Maximal Ventilation (VE), Respiratory Exchange ratio 

(VE peak), Blood lactate (BL), Maximal Heart Rate (MHR), Vertical jump, and Grip Strength. In addition, for 

two group control and Mask in pre- and post-testing. Values are means *P<0.05, P<0.01 and P<0.001 between 

Variables for groups.  

The general linear model (two-way ANOVA) for the Mask group showed a significant effect in (VO2/HR; p 

< 0.05), VE/VO2; p < 0.05), (VE/VCO2; p < 0.05), (VT; p < 0.05) and for BL; p < 0.01) and for (VO2max; p < 

0.001), MHR; p < 0.001), VE; p < 0.001) compared to the control group.  
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Figure 1. VO2max, VO2/HR, MHR, VE/VO2, VE/VCO2, RER, VE, VT, BL, Vertical jump, and Grip 

Strength for control and Mask group in pre- and post-training, *-p<0.05, **- p<0.01, *** - p<0.0005, **** - 

p<0.0001 
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Figure 2. VE, HR, VE/VO2, VT, RER, VE for control and Mask groups pre- and post -training.  

 

Discussion 

The present study sheds light on the probable beneficial effect of using ETM during resistance training on 

physiological responses and other performance variables. After applying the resistance training program for 8 

weeks, the Mask group showed better improvement in VO2max (17.65%), BL (16.44%), VO2/HR (20%), 

VE/VO2 (6.86%), RER (19.6%), and VT (6.03%) compared to the control group. According to the other 

variables, a significant increase in performance variables has been noticedand the mask group has improved 

vertical jump by 17.69% and grip strength by 11.54%. No substantial differences have been detected between the 

two groups.  

Many scientific concerns have been assigned to the mechanisms of physiological responses that have been 

improved after using ETM during resistance training. In addition, several investigations showed that the 

improvements have been noticed with increased anaerobic capacity (Roberts, 2003), increased hypoxic 

ventilatory response(Townsend et al.,2002), reduced blood lactate production (Clark et al., 2004), as well as an 

increase in red blood cell volume (Levine & Stray-Gundersen, 1985). Although other researchers have not 

confirmed all the results of the present study, yet some factors have been proved to improve performance after 

altitude training. Such factors may depend on the duration of hypoxic exposure (Robertson et al.,2010; Stray-

Gundersen& Levine, 2008).  

The present study has reached new observations suggesting that the individual variability that occurred in 

response to resistance training with ETM might be explained by two mechanistic ways: wearing a mask that 

increased VO2max and O2 carrying capacity, training that improved VO2max, and the maintenance of training 

velocity and O2 flux near sea-level values. These findings supported previous observations concerning 

appropriate strategies of altitude training (Levine & Stray-Gundersen, 1985).  Similar results were obtained by 

Dufour et al. (2005) after applying an intermittent hypoxic training program for 6 weeks. After following the 

same training protocols, the hypoxic group has improved VO2max by 4%, whereas the normoxic group has been 

improved by 3%.  However, most literature supports improvement in altitude training groups, 22 it is assumed 

that high-intensity hypoxic training has stimulated peripheral muscle adaptations that led to increasingthe 

performance capacity in hypoxic groups only (Porcari, 2016). 

Increased oxygen usage was considered a teleological adaptation to the shortage of Oxygen in tissues in a 

hypoxic environment. Results that were obtained from independent research groups have shown a 6-20% 

improvement in physiological responses. This was demonstrated by reduced consumption of Oxygen after 

various forms of altitude acclimatization during submaximal exercise (Neya et al., 2007; Manimmanakorn et al., 

2013). Thus, a large number of studies have confirmed the relation between performance and physiological 

responses (Saunders et al., 2004). This guaranteed the ability to enhance VO2max after altitude training. Yet, the 

review that was conducted by Lundby et al. (2007) has not reflected any significant changes in VO2max after the 
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exposure to 4100m for 8 weeks. In spite of a reduction in submaximal VO2 by 15% compared with 3-10% 

significant changes as mentioned above. 

 Levine & Stray-Gundersen,(1985) have used a randomized and well-designed three-armed trial to examine 

whether acclimatization to moderate altitude and training at low altitude (1.250 m) "living high- training low" 

can enhance the sea-level performance of well-trained runners compared to an equivalent altitude or sea-level 

control group (Levine & Stray-Gundersen, (1985). A significant increase in VO2max (5%) in both altitude 

groups has been reported in direct proportion to an increase in the mass volume of red cells (9%). Only 5km 

have been improved by the high-low group in proportion to an increase in VO2max. Consequently, authors have 

concluded that living high-training low for 4 weeks could improve sea-level training performance of well-trained 

runners because of altitude acclimatization increase in VO2max and mass volume of red cells (de Paula 

&Niebauer, 2012). 

As mentioned earlier, both groups have followed the same resistance training protocols and training 

workloads. Consequently, it is assumed that wearing a mask constituted an additional stimulus. It is noticed that 

blood lactate decreased significantly after resistance training in the mask group only. This result suggested that 

resistance training while wearing ETM might improve body lactate metabolism and overall performance at sea-

level alone compared to the control group. This result also referred to an adjustment in skeletal muscle to adopt a 

more oxidative mode of energy provision (Clark et al., 2004). Other studies that included low-intensity 

resistance training (20%1RM) and moderate vascular occlusion have reported greater accumulation of blood 

lactate (Takarada et al., 2000). Kon et al. (2010) have conducted a study demonstrating higher concentrations of 

blood lactate after resistance training that was performed in systemic hypoxic conditions. In 2010, Nishimura et 

al. have found that applying a 6-week program of resistance training (4sets ×10 repetitions at 70% 1RM, 1 min 

rest) in normobaric hypoxic conditions (16% FiO2) has improved arm strength levels (66 vs. 48%, non- 

significant) compared tonormoxic conditions. In addition, researchers have noticed greater blood lactate and 

anabolic hormone responses even though the used load was below the low-limit threshold of the "moderate-load" 

and above the "lower load" (Feriche B, et al., 2017). 

Individual responses have shown that some athletes responded better than others. Moreover, the degree of 

within-athlete variation in response to repeated bouts suggested that ETM should be adjusted carefully under 

other training and competitive conditions. Future research is still needed to consolidate the transfer of these 

benefits to competitive performance. Furthermore, it is required to determine the time-course of advanced 

physiological responses and performance after exposure to hypoxic conditions. The factor of time is very 

important for both athletes and coaches to determine when to start hypoxic exposure before any competition and 

to manage training loads.  

 

Conclusion 

It has been demonstrated that resistance training while wearing an ETM could lead to effective physiological 

responses and an increase in VO2max. The following variables should be kept in mind to reconcile ETM with 

resistance training programs: the number of exercises, length of specific exercises, repetitions per set, sets per 

session, sessions per week, and the relative stress and difficulty of exercises. 
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