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Abstract 49 

 50 

The Hypoxico Everest Summit II Altitude Generator produces normobaric hypoxic 51 

conditions, which are commonly used in altitude acclimation. Despite being used 52 

routinely within applied sport science, this system is yet to be independently validated. 53 

Thus, the aim of this study was to explore within- and between-day inter- and intra-54 

machine reliability and validity. Two Hypoxico Everest Summit II Altitude Generators 55 

were investigated for six altitude settings in a randomised order (0.5, 3.0, 5.5, 8.0, 56 

10.5, 12.0). Following institutional ethics approval, Hypoxico generated air was 57 

sequentially pumped into three Douglas bags, each with a 1-min collection period. 58 

Samples were collected on eight occasions, measuring inter- and intra-machine 59 

reliability, both within-day (9AM – 2PM) and between-day (48-h) with samples 60 

analysed to determine FiO2 (%) and volume (L·min-1). Coefficient of variation (CV) was 61 

calculated for FiO2 and volume for each altitude setting. Mean CV for FiO2 did not 62 

exceed 0.42% within-day, 0.49% between-day, and 0.81% inter-machine. Volume 63 

mean CV did not exceed 0.85% within-day, 0.91% between-day, and 1.17% inter-64 

machine. One-sampled t-tests were conducted comparing Hypoxico reference values 65 

with collected samples using equivalent FiO2 for each altitude setting with a Bonferroni 66 

corrected significance set at P < 0.004. Settings 3.0, 5.5, 8.0, 10.5, and 12.0 all 67 

produced significantly different (P < 0.001) FiO2 concentrations than the reference 68 

values stated (-0.51, -0.97, -0.72, +0.41, and +0.40%, respectively). Altitude setting 69 

and 1-min volume had an inverse relationship. All settings produced a significantly 70 

lower (P < 0.001) volume by 21.80 to 35.40 L·min-1 as compared to the company’s 71 

claim of 126.6 L·min-1. The Hypoxico Everest Summit II produced a reliable and 72 

consistent air feed; however, the manufacturer’s reference values demonstrated poor 73 

agreement with machine produced FiO2 and volume. Therefore, it is recommended 74 

that athletes, practitioners and researchers self-validate the altitude generator post-75 

warm-up using an accurate oxygen sensor for accuracy and safety purposes. 76 
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1. Introduction 83 

The recent rise in the popularity of extreme sports tourism and altitude training has 84 

resulted in an increased demand for altitude simulation devices. These devices create 85 

normobaric hypoxia, where hypoxic air is produced through a decrease in the fraction 86 

of inspired oxygen (FiO2).[1] This method of hypoxia production offers a more 87 

logistically and economically viable approach to altitude training and acclimatisation 88 

as opposed to its hypobaric alternative. A variety of normobaric hypoxia altitude 89 

machines are now available to the general public for purchase. 90 

One publicly available altitude generator that produces normobaric hypoxia is the 91 

Hypoxico Everest Summit II. This machine is designed to allow breath-by-breath 92 

exposure, intermittent hypoxic training and hypoxia for altitude chambers/tents. The 93 

device offers 24 altitude settings ranging from 0.5 – 12.0 with a claimed peak altitude 94 

of 3962 m at the setting of 12.0.[2] The settings represent altitude increments of various 95 

magnitude, and to the authors’ knowledge do not represent any specific geographical 96 

altitude training locations. The manufacturers also claim the machine to have an 97 

airflow of 7600 L·h-1, equating to an equivalent 126.6 L·min-1.[3] 98 

The Hypoxico Everest Summit II is an altitude simulator that has been used within 99 

research to produce hypoxic conditions.[4-7] Spurling, Zammit and Lozewicz[4] 100 

employed the Hypoxico to produce normobaric hypoxia in the evaluation of at-risk 101 

patients during air travel. The product is also available for public consumption with 102 

Hypoxico’s wider clientele including Olympic committees, universities, and the US 103 

army.[8] Despite the machine’s use in research and its public availability, the Hypoxico 104 

has yet to be deemed reliable and independently validated from empirical research. 105 

Moreover, the reference values provided by Hypoxico for both FiO2 and volume are 106 

unvalidated.  107 

To the authors’ knowledge, the only current independent data regarding the Hypoxico 108 

is provided by the Spurling, Zammit and Lozewicz study,[4] stating at an unspecified 109 

altitude setting, the Hypoxico demonstrated a constant output of 15 ± 0.1% FiO2 for 110 

more than 1 hour. This data demonstrates consistency in output, but provides no test-111 

retest measures or specific reference-value testing. Whilst it is acknowledged that the 112 

machine’s output is likely to be monitored by academic institutions for research and 113 



training, the general public is unlikely to monitor hypoxic conditions. The plethora of 114 

risks associated with hypoxia are addressed by Hull,[9] who states excessive exposure 115 

can induce altitude sickness, and in serious cases, cause pulmonary or cerebral 116 

oedemas. Although rare, the likelihood of these risks is increased without prior 117 

authentication of the available system, and small variations in FiO2 may make the 118 

difference between safe and dangerous normobaric hypoxic conditions. Validation of 119 

the system’s functionalities and manufacturer’s claims will provide unbiased objective 120 

evidence for use by both practitioners and the general public.  121 

Therefore, the aim of this study was to explore the reliability and validity of the 122 

Hypoxico Everest Summit II Altitude Generator. This research set three objectives: 123 

explore within- and between-day inter- and intra-machine reliability, examine the 124 

validity of machine-provided reference values, and validate the altitude simulator for 125 

personal and research utilisation. 126 

 127 
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2. Method 140 

2.1. Study Design 141 

A correlational test-retest study design was employed investigating two Hypoxico 142 

Everest Summit II Altitude Generators. Machine number, time of testing and day of 143 

testing were selected and FiO2 (%) and volume (L·min-1) produced by the Hypoxico 144 

were measured. Equivalent FiO2 values for each altitude setting were attained from 145 

the Hypoxico altitude to equivalent oxygen calculator,[10] with calculated 146 

concentrations used as the reference values for the validity component of the study. 147 

The six tested altitude settings corresponded to the following FiO2 values; 0.5: 20.5%, 148 

3.0: 18.8%, 5.5: 17.0%, 8.0: 14.9%, 10.5: 12.9%, 12.0: 12.7%.  149 

2.2. Data Collection: Protocol 150 

Prior to commencing the study, ethical approval was granted by the host University’s 151 

Ethics Committee. Two Hypoxico Everest Summit II Altitude Generators (The Altitude 152 

Centre, UK) were tested over six altitude settings (0.5, 3.0, 5.5, 8.0, 10.5, 12.0). The 153 

settings refer to an equivalent altitude of 162, 884, 1707, 2761, 3886, and 3962 m, 154 

respectively. These settings were chosen to allow the investigation of reliability and 155 

validity at a multitude of points over the range of hypoxic intensities produced by the 156 

generator at altitudes similar to those commonly utilised for acclimatisation and altitude 157 

training purposes. Data were collected from each machine over the tested settings on 158 

four separate occasions. These samples were taken within-day (9AM and 2PM) and 159 

between-day (48-h) with the protocol shown in Fig. 1. The order of altitude settings 160 

sampled was randomised every session using the WINPEPI Software.[11] 161 

*INSERT FIGURE 1 HERE* 162 

Figure 1. Study protocol demonstrating the manner in which within-day, between-day, 163 

and between-machine comparisons were made. The randomised order of altitude 164 

settings tested is presented in brackets next to each testing period.  165 
 166 

Prior to each data collection session, atmospheric conditions, such as temperature 167 

(°C) and atmospheric pressure (mmHg), were noted to ensure the standardisation of 168 

measurements. All testing was completed in a laboratory that was at an altitude of 12 169 



m, thus minimising the effect of a lower ambient barometric pressure on machine FiO2. 170 

Furthermore, temperature was measured to ensure temperature’s influence on 171 

volume could be accounted for as per Charles’ Law. 172 

Firstly, the Gas Analysis System (1440D, Servomex, UK) was calibrated according to 173 

the operator’s guidelines.[12] The system was initially baseline zeroed using a 99.9% 174 

N solution (BOC Gases Ltd, UK). Subsequently, a further solution containing 15% O2, 175 

5% CO2 and 80% N (BOC Gases Ltd, UK) was used to calibrate mid-level readings. 176 

Finally, ambient air was pumped through the system to verify the calibration 177 

procedure. This process was completed prior to the beginning of each data collection 178 

session, and after three altitude settings had been tested within a session. Preceding 179 

data collection, the Douglas bag was also thoroughly checked to ensure collection 180 

bags remained sealed and stopcocks were fully functional. The system was manually 181 

attached using adhesive and checked using a Dry Gas Meter (Harvard Apparatus, UK) 182 

to confirm a complete seal prior to each data collection session.  183 

Whilst calibration and equipment checks occurred, the Hypoxico underwent a 10-min 184 

warm-up at the chosen altitude setting as suggested by Hypoxico.[2] Following the 185 

warm-up, Hypoxico generated air was sequentially pumped into three Douglas bags, 186 

each with a 1-min collection period manually timed via a stopwatch. The duration (s) 187 

of sample collection was noted for each bag to ensure volume could be corrected and 188 

accurately compared against Hypoxico’s claim of a 126.6 L·min-1 airflow.[3] The bags’ 189 

contents were individually analysed using the gas analyser, from which FiO2 (%) was 190 

calculated. Following this, the generated air was vacuumed using the Air Evacuation 191 

Unit. Simultaneous measurement of each bag’s evacuated volume (L·min-1) and 192 

temperature (°C) occurred via the Harvard Dry Gas Meter. 193 

2.3. Statistical Analysis   194 

Statistical analysis was conducted using Microsoft Excel 365 (Microsoft, USA) and 195 

SPSS, version 24 (IBM, Germany). Descriptive data was presented as mean ± 196 

standard deviation (SD). Coefficient of variation (CV) was calculated for each altitude 197 

setting within- and between-day, for inter- and intra-machine. One-sampled t-tests 198 

were used to compare collected FiO2 to Hypoxico’s claimed reference values at each 199 

altitude setting, as well as the volume compared to Hypoxico’s claim of a 126.6 L·min-200 



1 output.[3] Due to conducting multiple analyses on this data set, the Bonferroni 201 

correction was employed with statistical significance set at P < 0.004.[13]  202 
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3. Results 226 

Mean atmospheric pressure during data collection was 762 ± 6 mmHg, mean room 227 

temperature was 17.5 ± 0.6°C, and mean bag collection time was 59.89 ± 0.11 s.  228 

3.1. Reliability Results   229 

Table 1 demonstrates machine 1 and 2’s respective CV at varying altitude settings for 230 

intra-machine within- and between-day reliability. Table 1 also provides a between-231 

day, inter-machine CV, utilising all samples collected throughout testing. 232 



Table 1. Machine 1 & 2 coefficient of variation data 233 

Altitude 

Setting 

Within-Day 

Day 1 

Machine 1 

CV (%) 

Within-Day 

Day 2 

Machine 1 

CV (%) 

Between-Day 

 

Machine 1 

CV (%) 

Within-Day  

Day 1 

Machine 2 

CV (%) 

Within-Day  

 Day 2 

Machine 2 

CV (%) 

Between-Day  

 

Machine 2 

CV (%) 

Between-Day 

 

Machine 1 & 2 

CV (%) 

 FiO2 Volume FiO2 Volume FiO2 Volume FiO2 Volume FiO2 Volume FiO2 Volume FiO2 Volume 

0.5 0.27 0.49 0.00 0.52 0.22 0.57 0.27 0.27 0.00 1.15 0.22 0.92 0.54 1.14 

3.0 0.30 1.06 0.28 0.45 0.28 1.01 0.22 0.39 0.30 0.58 0.31 0.63 0.78 1.05 

5.5 0.00 0.19 0.32 0.26 0.31 0.42 0.34 0.38 0.93 1.26 0.97 0.93 1.06 1.38 

8.0 0.00 0.50 0.37 1.10 0.35 0.81 0.00 1.06 0.36 0.26 0.27 0.83 1.07 0.97 

10.5 0.39 0.80 0.00 0.59 0.37 0.85 0.82 1.62 0.31 0.91 0.67 1.15 0.64 1.33 

12.0 0.83 0.74 0.00 0.59 0.98 1.27 0.31 0.53 0.62 0.91 0.51 0.98 0.76 1.17 

Mean ± 

SD 

0.30 ± 

0.31 

0.63 ± 

0.30 

0.16 ± 

0.18 

0.58 ± 

0.28 

0.42 ± 

0.28 

0.82 ± 

0.31 

0.33 ± 

0.27 

0.71 ± 

0.52 

0.42 ± 

0.32 

0.85 ± 

0.37 

0.49 ± 

0.29 

0.91 ± 

0.17 

0.81 ± 

0.22 

1.17 ± 

0.16 

234 



3.2. Validity Results  235 

Following the low level of variance in FiO2 and volume found within each altitude 236 

setting, the validity component of this research was conducted by combining the data 237 

from the two machines on the four collection dates. A Bland-Altman plot was used to 238 

compare the altitude settings as shown below in Fig. 2, where reference values 239 

overestimated produced FiO2 in mid-range altitude settings, yet underestimated FiO2 240 

in higher altitude settings. 241 

*INSERT FIGURE 2 HERE* 242 

Figure 2. Bland-Altman plot of the limits of agreement between the Hypoxico collected 243 

samples and the Hypoxico reference values. The solid black line represents the mean 244 

difference in FiO2 and the dashed lines represent the upper and lower 95% limits of 245 

agreement.  246 

Results of a one-sampled t-test demonstrate several altitude settings had a 247 

significantly different FiO2 compared to their corresponding reference values with full 248 

details shown below in Table 2. Setting 0.5 had a non-significant (P = 0.283) mean 249 

difference of -0.02%. Setting 3.0 had a significant (P < 0.001) mean difference of -250 

0.51%. Setting 5.5 had a significant (P < 0.001) mean difference of -0.97%. Setting 251 

8.0 had a significant (P < 0.001) mean difference of -0.72%. Setting 10.5 had a 252 

significant (P < 0.001) mean difference of +0.41% and setting 12.0 had a significant 253 

(P < 0.001) mean difference of +0.40%. 254 

Table 2. FiO2 reference value one-sampled t-tests 255 

Altitude 
Setting 

Mean FiO2 
(%) 

Machine 
Reference 
FiO2 (%) 

One-Sampled t-test   Reference Value 
Difference (95% CI) 

(%) 

0.5 20.48 ± 0.11 20.5 t(23) = -1.100, P = 0.283 -0.02 (-0.07, 0.02) 

3.0 18.29 ± 0.14 18.8 t(23) = -17.634, P < 0.001* -0.51 (-0.57, -0.45) 

5.5 16.03 ± 0.17 17.0 t(23) = -27.875, P < 0.001* -0.97 (-1.04, -0.90) 

8.0 14.18 ± 0.15 14.9 t(23) = -23.509, P < 0.001* -0.72 (-0.79, -0.66) 

10.5 13.31 ± 0.09 12.9 t(23) = 23.769, P < 0.001* +0.41 (0.38, 0.45) 

12.0 13.10 ± 0.10 12.7 t(23) = 19.818, P < 0.001* +0.40 (0.36, 0.45) 

* denotes a statistically significant Bonferroni corrected P value (< 0.004) 256 



A low level of variance in measured volume was seen within each altitude setting; 257 

however, produced volume linearly decreased with an increase in altitude. This 258 

occurred despite the Hypoxico claimed volume of 126.6 L·min-1.[3] The average 1-min 259 

volume produced by the Hypoxico at an altitude setting of 0.5 was 104.80 ± 1.20 L·min-260 

1, whereas at an altitude setting of 12.0, only 91.20 ± 1.07 L·min-1 was produced (Fig. 261 

3). 262 

*INSERT FIGURE 3 HERE* 263 

Figure 3. Hypoxico mean 1-min volume at altitude settings of 0.5, 3.0, 5.5, 8.0, 10.5 264 

and 12.0 with a linear regression line (solid black line). Error bars represent ± 1SD.  265 

One-sampled t-tests were conducted using the samples collected at each altitude 266 

setting. These were compared against the claimed volume of 126.6 L·min-1, with full 267 

results displayed in Table 3. Setting 0.5 had a significant (P < 0.001) mean difference 268 

of -21.80 L·min-1. Setting 3.0 had a significant (P < 0.001) mean difference of -24.25 269 

L·min-1. Setting 5.5 had a significant (P < 0.001) mean difference of -26.55 L·min-1. 270 

Setting 8.0 had a significant (P < 0.001) mean difference of -29.74 L·min-1. Setting 271 

10.5 had a significant (P < 0.001) mean difference of -33.14 L·min-1 and setting 12.0 272 

had a significant (P < 0.001) mean difference of -35.40 L·min-1. 273 

Table 3. Volume reference value one-sampled t-tests 274 

Altitude 
Setting 

Mean 
Volume 
(L·min-1) 

One-Sampled t-test Reference Value 
Difference (95% CI) 

(L·min-1) 

0.5 104.80 ± 1.20 t(23) = -89.049, P < 0.001*  -21.80 (-22.30, -21.29) 

3.0 102.35 ± 1.07 t(23) = -110.991, P < 0.001* -24.25 (-24.71, -23.80) 

5.5 100.05 ± 1.38 t(23) = -94.355, P < 0.001* -26.55 (-27.14, -25.97) 

8.0 96.86 ± 0.94 t(23) = -155.404, P < 0.001* -29.74 (-30.14, -29.35) 

10.5 93.46 ± 1.24 t(23) = -130.530, P < 0.001* -33.14 (-33.66, -32.61) 

12.0 91.20 ± 1.07 t(23) = -162.354, P < 0.001* -35.40 (-35.86, -34.95) 

* denotes a statistically significant Bonferroni corrected P value (< 0.004)  275 

 276 
 277 
 278 



4. Discussion 279 

Firstly, this research set the objective of exploring within- and between-day inter- and 280 

intra-machine reliability. The machine’s production of FiO2 at each altitude setting was 281 

consistent, with Table 1 showing an overall average CV of < 1%. Mean CV ranged 282 

from 0.00 – 0.93% amongst settings within-day, 0.22 – 0.98% between-day, and 0.54 283 

– 1.07% inter-machine. Due to the design of this study, a true within-day inter-machine 284 

comparison was not conducted and, therefore, between-day differences may provide 285 

a confounding variable in inter-machine comparisons and reliability. Regardless, inter-286 

machine CV remained low. With an average CV value of 0.81 ± 0.22% and no 287 

individual setting CV exceeding 1.07% in FiO2, an excellent level of consistency and 288 

reliability was demonstrated. The increase in between-day CV is likely a result of acute 289 

alterations within the ambient environment, such as atmospheric pressure. 290 

Furthermore, the marginally larger difference in inter-machine comparisons may be 291 

accounted for by the between-day confounding variable, and small variations in 292 

manufactured hypoxia-producing components, such as the pressure swing adsorption 293 

chamber and carbon molecular sieve. 294 

Moreover, the volume of the air produced by the Hypoxico was also consistent. An 295 

average CV of < 1.2% was found throughout all testing. Mean CV ranged from 0.19 - 296 

1.62% amongst settings within-day, 0.42 – 1.27% between-day, and 0.97 - 1.38% 297 

inter-machine. The minimal variation throughout demonstrates a steady, consistent 298 

production of normobaric hypoxia.  299 

The second objective of this research was to examine the validity of the machine-300 

provided reference values. As shown in Fig. 2, acceptable agreement was seen in 301 

setting 0.5, but within mid-range settings a higher hypoxic intensity than the 302 

corresponding reference values was produced. However, this shifted to a lower 303 

hypoxic intensity in comparison to reference values within higher altitude settings. The 304 

FiO2 collected at settings 3.0, 5.5, and 8.0 were significantly lower (P < 0.001) than 305 

the Hypoxico reference values by 0.51%, 0.97%, and 0.72%, respectively. Conversely, 306 

FiO2 collected at settings 10.5 and 12.0 were significantly higher (P < 0.001) than the 307 

Hypoxico reference values (0.41% and 0.40%, respectively). This shift in agreement 308 



may be a consequence of the altitude generator attaining a maximum output, stunting 309 

the expected increase in hypoxic intensity within higher altitude settings. 310 

The largest disagreement between collected and reference FiO2 values was seen in 311 

settings 5.5 and 8.0 with differences of -0.97% and -0.72%, equating to an equivalent 312 

increase in altitude of approximately 473 and 389 m, respectively. Assuming this mid-313 

setting overestimation of FiO2 exists in all machines, a much greater hypoxic stimulus 314 

than anticipated may be delivered. However, as this disagreement occurs in the mid-315 

range altitude settings, during short periods of use the previously discussed risks of 316 

hypoxia are unlikely to be of concern. Nonetheless, this is a large discrepancy to exist 317 

in equipment that may be used without supervision for extended lengths of exposure, 318 

with Hypoxico recommending use of the machine for 7 – 9 hours per night in a live-319 

high train-low approach.[14] Furthermore, whilst the underestimation in FiO2 at higher 320 

altitude settings is not a safety concern, a lower hypoxic intensity than anticipated may 321 

diminish the effectiveness of acclimation and altitude training programmes. 322 

The exact cause of the extent of disagreement within the moderate altitude settings is 323 

unknown, although this may possibly arise from the pressure swing adsorption method 324 

of hypoxia production. Within settings 3.0 – 8.0, the greater hypoxic intensity is likely 325 

caused by an excess in chamber pressure, resulting in greater carbon filtration and 326 

consequently a lower produced FiO2. This may be caused by an overestimation in 327 

pressure requirements for carbon filtration or a lack of internal calibration. The 328 

magnitude of difference between settings may not replicate in setting 0.5 due to the 329 

minimal increase in chamber pressure required to produce an FiO2 of 20.5%, limiting 330 

the influence of any overestimation in pressure requirements. Furthermore, within 331 

settings 10.5 – 12.0, it is likely that carbon filtration reaches a near-maximal rate due 332 

to a peak pressure being attained, resulting in a plateau in FiO2 and hypoxic intensity. 333 

It would appear this plateau has not been accounted for within the Hypoxico altitude 334 

settings, consequently explaining the transition from reference values overestimating 335 

FiO2 concentration in mid-range settings, to underestimating FiO2 in higher settings.  336 

The local altitude at which the unit is operated may also further impact hypoxic 337 

intensity, with air intake at higher altitudes possessing a lower barometric pressure 338 

than that found at sea-level.[1] Whilst this study was completed at a local altitude of 12 339 

m, machine use at higher altitudes may result in a greater overestimation in the 340 



pressure requirements for carbon filtration, reducing produced FiO2 and likely 341 

decreasing machine volume output. To the authors’ knowledge, a supplementary table 342 

to help account for adjusted machine output in different altitudes is not currently 343 

supplied, and thus the use of an O2 concentration device prior to hypoxic exposure is 344 

recommended to accurately monitor FiO2.  345 

In relation to volume, Table 3 demonstrates that each of the altitude settings produced 346 

a significantly lower value (P < 0.001) than the Hypoxico claim of 126.6 L·min-1.[3] The 347 

mean volume ranged from 21.80 – 35.40 L·min-1 lower than the reference value. Data 348 

collection commenced directly after the Hypoxico instructed 10-min warm-up and 349 

subsequently, a longer warm-up period may be required to increase volume output. 350 

Furthermore, due to the limitation of a small Douglas bag capacity, this comparison 351 

was made by dividing the 1-h Hypoxico claim to provide a value for 1-min. Assuming 352 

a constant output when compared to the 7600 L·h-1 claim, amongst settings this 1-min 353 

difference amounts to a ~1308 – 2124 L·h-1 shortfall in volume. However, a limitation 354 

of this study design is any FiO2 or volume fluctuation following the first 3-min of 355 

collection would have gone unnoticed. A large difference in volume output was also 356 

seen between altitude settings. Setting 0.5 produced a mean volume of 104.80 ± 1.20 357 

L·min-1, while setting 12.0 produced a mean volume of 91.20 ± 1.07 L·min-1, indicative 358 

of an inverse relationship. This is assumed to be a consequence of greater oxygen 359 

retention via the altitude generator’s molecular sieve technology at higher altitude 360 

settings to decrease FiO2. Assuming a constant external air feed, output volume would 361 

expectedly lower with an increase in altitude setting. 362 

These findings have different consequences depending on the modality of machine 363 

use. Whilst a lower volume than stated may not implicate hypoxic exposure in 364 

moderate breath-by-breath use, during high intensity exercise minute ventilation can 365 

exceed >100 L·min-1.[15] Consequently, breath-by-breath exposure at high workloads 366 

may elicit minute ventilations that exceed the rate of the altitude generator’s hypoxic 367 

air production and thus, possibly flaw the hypoxic stimulus. This may also be further 368 

exacerbated by the acute hyperventilation that typically occurs in response to hypoxic 369 

exposure.[16] Insufficient volume may also disrupt hypoxic supply to an altitude tent 370 

system; however, a minimal output of 90 L·min-1 is likely sufficient to maintain an 371 

appropriate volume production in a moderately sized altitude tent during rest or light 372 



exercise. Conversely, disagreement in FiO2 output is likely to be greater in an altitude 373 

tent system in comparison to breath-by-breath use. The design of the Hypoxico 374 

altitude mask enables an immediate evacuation of expired air via a one-way valve, 375 

ensuring a constant supply of fresh hypoxic air, an unviable feature in the altitude tent. 376 

The large tent volume and method of hypoxic delivery in an altitude tent results in the 377 

hypoxic stimulus being a product of both generated air and previously expired gases 378 

containing a naturally lower FiO2 concentration. As such, greater variation in FiO2 379 

output may also be present during altitude tent use, with the magnitude of 380 

disagreement in FiO2 values likely to be dependent on many factors, including the tent 381 

size, ventilation rate, hypoxic volume production rate and hypoxic intensity utilised.   382 

From a practical perspective, the altitude generator is reliable, but the reference values 383 

lack validity in both FiO2 and volume. As discussed, a lower volume output and mid to 384 

high-range significant differences in FiO2 production may impact the machine’s 385 

practical function. Therefore, the applications of this research are as follows; 386 

researchers, practitioners and general consumers should purchase or ensure the use 387 

of an accurate oxygen concentration measurement device prior to hypoxic exposure. 388 

The FiO2 concentration should be measured following the warm-up period prior to use 389 

to avoid any fluctuations. Based on the results of this study, after an altitude setting is 390 

tested once, users can be confident of a reliable future output. Finally, the reliability of 391 

the altitude generator should be measured over an extended period and in line with a 392 

typical hypoxic training intervention, as suggested by Wright et al.[17] 393 

It is suggested future research investigates the remaining untested reference values 394 

to further understand the machine’s validity. Should the reference values continue to 395 

lack agreement with the produced conditions, they may require amendment.  396 

 397 
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5. Conclusion 408 

The Hypoxico Everest Summit II Altitude Generator produces stable FiO2 and volume 409 

values over a range of altitude settings. However, the machine demonstrates limited 410 

validity in comparison to the provided altitudes, particularly in the mid-range settings. 411 

Furthermore, assuming a consistent output, produced volume is significantly lower 412 

than the manufacturer’s claim. It is highly recommended that athletes, practitioners 413 

and researchers use an accurate oxygen sensor following the 10-min machine warm-414 

up to self-validate the equipment for both accuracy and safety purposes.  415 
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 558 

Figure 1. Study protocol demonstrating the manner in which within-day, between-day, 559 

and between-machine comparisons were made. The randomised order of altitude 560 

settings tested is presented in brackets next to each testing period.  561 
 562 

 563 

 564 

Figure 2. Bland-Altman plot of the limits of agreement between the Hypoxico collected 565 

samples and the Hypoxico reference values. The solid black line represents the mean 566 

difference in FiO2 and the dashed lines represent the upper and lower 95% limits of 567 

agreement.  568 



 569 

Figure 3. Hypoxico mean 1-min volume at altitude settings of 0.5, 3.0, 5.5, 8.0, 10.5 570 

and 12.0 with a linear regression line (solid black line). Error bars represent ± 1SD.  571 


