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Background: Un-acclimatized individuals may experience acute altitude illness. Thus, the current study investigated the impact of
short-term intermittent normobaric hypoxia (NH) combined with light exercise on the acclimatization of cardiorespiratory function to
altitude in inactive adults.

Methods: This quasi-experimental study recruited 10 inactive university students (age: 26.3 £ 2.53 years). All participants were
instructed to perform light exercise while exposed to intermittent NH (15%) (2 h/d) for 2 weeks continuously. The heart rate (HR),
relative oxygen consumption (VO2 mL/kg/min), minute ventilation (VE), VO2/HR, and respiratory frequency (RF) were measured.
Results: Results illustrated a significant improvement in participants’ cardiorespiratory functions by 10 days after exposure to NH, as
compared to day 1 of exposure, based on their HR, RF, and VE responses at rest and HR, RF, VE, VO2, VO2/kg, and VO2/HR during
light exercise. Resting-state values had returned to the pre-NH exposure levels after 10 days of intermittent NH exposure. Furthermore,
values measured during light exercise were significantly decreased on days 10 and 14 as compared to day 1 of NH exposure.
Conclusion: This study concluded that as few as 10 days of exposure to intermittent NH (pO2 = 15%) combined with light exercise
may improve the acclimation to NH of 15% pO2 in inactive adults.
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Introduction

Moving to altitude, ie, 1500 m or higher above sea level, leads to several physiological changes that reduce physical
performance.' > Due to the lower atmospheric pressure, individuals demonstrate a significant reduction in blood oxygen
saturation, alveolar partial pressure of oxygen, and arteriovenous oxygen difference in the first few days after arrival at
such altitudes, which leads to a decreased of oxygen delivery to tissues.*” Consequently, a substantial reduction in
cardiorespiratory function results in increased resting heart rate, breathing rate, and loss of body water. Consequently,
a significant reduction in aerobic fitness markers, such as oxygen consumption, cardiac output, lactate concentration, and
ventilatory capacity, has been reported.®’

Oxygen consumption capacity (VO2) reflects cardiorespiratory fitness, including aerobic endurance capacity, which
can be improved by endurance training.®’ Sufficient levels of blood hemoglobin (HB) and hematocrit (Hct) improve the
ability of red blood cells to transport oxygen to the working tissues, which enhances aerobic exercise performance.
Higher levels of HB generally indicate better oxygen transport and higher aerobic endurance.'® Numerous studies have
reported elevated HB and Hct concentrations in high-altitude populations.'''?

People who move to higher altitudes for leisure, sports, or tourism may find that it requires additional physical effort
to perform the same physical activity they usually perform at sea level. Un-acclimatized individuals may experience
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acute altitude illness within a few hours of hypoxic exposure above 2500 m'?, which affects their cardiovascular and
respiratory functions.'*'> Moreover, tourists and mountaineers usually experience some illness symptoms or acute
mountain sickness (AMS) at high altitudes.'® AMS is characterized by headache, dizziness, vomiting, anorexia, fatigue,
and insomnia a few hours after reaching a high altitude'’. Tourists and people who plan to visit high-altitude areas are
recommended to prepare for AMS.'® The available evidence indicates that spending 1-2 days at an altitude of 2200 m or
higher may help reduce AMS and improve acclimatization and that physical performance is improved after spending 6
days at the higher altitude.'® Thus, acclimatizing to a higher altitude environment is time-consuming and usually requires
travel expenses, a special geographical location, and special tools and equipment.

One strategy for acclimatizing to altitude is exposure to a hypoxic environment. Such a strategy allows humans to
acclimatize to altitudes, improve physical performance, and reduce altitude illness.® To assist athletes who may need to
perform sports at higher altitudes than that to which they are accustomed, different training modes have been applied to
simulate hypoxic environments. Simulated environmental chambers are usually used to acclimatize athletes to altitude.**"*
Short-term intermittent hypoxic training (STIHT) is a common mode of exposure to normobaric hypoxia (NH) to simulate
altitude acclimatization.”> According to some studies, STIHT can improve physical performance, particularly endurance
capacity, in athletes.””> They concluded that due to the limitations in the quality of studies, the positive effects on improving
exercisers’ VO2max and HB concentration should be approached with caution and need to be verified by further high-
quality research. In a previous study, Bonetti and Hopkins reported that intermittent hypoxic training may enhance the
performance of professional or recreational athletes at sea level.'”

However, the effects of short-term intermittent hypoxia combined with light-intensity exercise on cardiorespiratory
fitness in inactive adults are not clear. Therefore, this study examined the impact of a combination of 14 days of
intermittent exposure to NH in a simulated altitude chamber and light physical activity on cardiorespiratory fitness
biomarkers in inactive adults.

Materials and Methods
Study Design

This study used a quasi-experimental design, as used in similar previous studies,>'**

to evaluate the effect of short-term
intermittent hypoxia combined with light-intensity physical activity on cardiorespiratory fitness in inactive adults, by
explicitly measuring the dependent variables including hypoxia (pO, =15%).

Participants

Ten apparently healthy, inactive male adults (aged 26.3 + 2.53 years) were recruited randomly from the university
students. All participants had lived at about 600 m or less above sea level over the past 6 months. All participants
underwent medical examinations by a certified physician from King Saud University prior to starting the experiments.
We included apparently healthy, non-smoking, inactive adults without any injury, lung or respiratory health problems,
cardiovascular diseases, or any bodily or mental illness. All included participants were deemed inactive as they did not
meet the recommended international physical activity guidelines.? Participants with any of these health conditions, who
were active, or who were living at >600 m above sea level, were excluded.?®

Ethical approval for this study was obtained from the Institutional Review Board of King Saud University. Each
participant was informed about the study process and signed a consent form. Each participant was informed that he could
withdraw from study participation at any time without giving a formal excuse. All participants were asked not to perform
exercise outside the study environment during the course of the experiment, particularly not involving moderate-to-
vigorous-intensity physical activity.

An environmental chamber (6 m x 6 m x 3 m) from Weiss Technik (Loughborough, UK) was used throughout the
present study. A portable indirect calorimetry system (METAMAX 3B, Cortex Biotechnic GmbH, Regensburg,
Germany) was used to evaluate cardiorespiratory fitness markers, including respiratory frequency (RF), oxygen con-
sumption (VO2), minute ventilation (VE), respiratory exchange ratio (RER), and tidal volume (VT), VO2/heart rate
(HR), VE/VO2, and VE/carbon dioxide production (VCO?2).
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Procedures
Participants performed light physical exercise in the environmental chamber during acclimatization for 2 h per day for 14
consecutive days.”” The chamber was maintained at a temperature of 23°C and a relative humidity of 60%. On Day 1, each
participant had a chance to familiarize themselves with using the chamber at an oxygen concentration of 15% which equivalent to
approximately 2500 meters above sea level. The participants trained at an oxygen concentration of 15% for the next 13 days.

The participants were instructed to perform light exercise for two sessions. Each session last in 40 min with 15 min
rest following each 40 min. They were asked to repeat the exercises sequentially. The first exercise included a standing
floor-touch, in which the participant bent his trunk to touch the floor with his hands while keeping his knees straight, for
10s, in three sets. The second exercise was a sitting toe-touch, in which the participant sat on the floor with extended legs,
and reached out to touch first one foot and then the other with his hands, 10 times. The third exercise was the alternate
toe-touch, in which the participant stood with his feet apart, bent at the waist, and reached out to touch his left toe with
his right hand, coming up, and then touching his right toe with his left hand. To assess spinal stretching, each participant
was instructed to stand on hands and knees with his back first arched, and then to lower his chest toward the ground. For
back rotation, each participant was instructed to sit on the floor with his legs extended, while holding a rod over his
shoulders with his arms. He then rotated his upper body in counterclockwise and clockwise directions alternately. In
general, exercise intensity was controlled using heart rate within ~55-60% of HR ..

All procedures were performed at a self-paced rate. All variables were measured at rest for 5 min on the day before

NH exposure and on days 1, 10, and 14 of the study period.***

Statistical Analysis

The Shapiro—Wilk test was performed to evaluate the normality of the data. Repeated-measures analysis of variance was used
to assess the effects of the independent variable on the dependent variables. Tukey’s test was used to determine the significance
of the effects of independent variables on dependent variables. The dependent variables were compared for both resting and
exercise states. All differences with P < 0.05 were considered statistically significant. All statistical analyses were performed
using the IBM Statistical Package for Social Sciences program (SPSS version 26, IBM, Armonk, NY USA).

Results

The aim of the present study was to examine the impact of short-term intermittent hypoxia with light-intensity physical
activity on cardiorespiratory fitness in inactive adults. All participants were inactive adults as they did not meet the
recommended physical activity guidelines.”> Although inactive, resting measurements of their physical characteristics
and physiological variables, shown in Table 1, demonstrate that the participants were apparently healthy young adults.

Table | Physical and Physiological Characteristics of the Participants, at

Rest (n=10)
Measures Mean Standard
Deviation (£SD)
Age (years) 26.3 2.53
Body mass (Kg) 66.63 8.04
Height (cm) 165.1 3.01
Body mass index (kg/m?) 239 3.40
Resting Heart rate (bet/min) 71.6 4.71
Resting respiratory frequency (times/min) 17.41 2.54
Resting Minute Ventilation (L/min) 9.57 1.74
Resting VO, (mL/min/kg) 3.67 0.16
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Figure | Resting heart rate (HR) at | day before exposure to hypoxia and on the Ist, 10th, and 14th day of exposure to hypoxia. * Indicates that data are significantly
different from the day before exposure to hypoxia (pre-exposure to hypoxia) (P < 0.05).

Resting-state data from the 1% day before starting the experiment (pre-hypoxia) were compared with those of the
first day, the 10th day, and the 14th day. The resting HR was significantly higher on the first day of exposure to hypoxia
(84.30 + 6.85 bpm) as compared to pre-hypoxia exposure (71.60 + 4.71) (P < 0.001). Figure 1 illustrates the significant
decrease in resting HR after 10 days (72.86 + 4.69) and 14 days (71.81 + 3.88) of exposure to hypoxia, as compared to
the first day (all P < 0.001).

Similar results were observed for resting RF and resting VE. In Figure 2, resting RF increased significantly on the
first day of exposure to hypoxia (23.24 + 2.71 time/min) as compared to pre-exposure to hypoxia (17.41 + 2.54 times/
min), but the RF value returned to the pre-hypoxia exposure level on day 10 (18.36 + 2.65 times/min) and day 14 (17.75
+ 2.82 times/min) (all P < 0.001).

Mean resting respiratory frequency RF per Min.
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Figure 2 Resting respiratory frequency (RF) on | day before exposure to hypoxia and during exposure to hypoxia on the Ist day, 10th day, and |4th day. * Indicates that data
are significantly different from the day before exposure to hypoxia (pre-exposure to hypoxia) (P < 0.05).
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Figure 3 Resting minute ventilation (VE) on | day before exposure to hypoxia and during exposure to hypoxia on the Ist, 10th, and I4th day. * Indicates that data are
significantly different from the day before exposure to hypoxia (pre-hypoxia exposure) (P < 0.05).

Furthermore, Figure 3 also illustrates that resting VE significantly increased on the first day of exposure to hypoxia
(12.17 £ 2.40 L/min) as compared to the day before exposure to hypoxia (9.57 £ 1.74 L/min) and then returned to the
pre-hypoxia exposure level on day 10 (9.83 + 1.31 L/min) and day 14 (9.58 + 2.38 L/min) (all P < 0.001).

Table 2 illustrates that all physiological variables measured during light exercise were significantly decreased on days
10 and 14 as compared to day 1.

Discussion
The main aim of the current study was to examine the effects of exposure to NH (low oxygen partial pressure at pO2 =
15%) combined with light physical activity on acclimatization in inactive young adults. Hypoxic acclimatization was
defined as the hypoxia tolerance threshold.>® An NH method was used in the hypoxic chamber by decreasing the inspired
oxygen content to pO2 = 15% in the chamber atmosphere, while maintaining a regular and constant barometric pressure.
We showed that exposure to intermittent NH under these conditions had acclimatizing effects on all measured
cardiorespiratory variables during both resting and exercise states over a period of 10 days.

The extent of acclimatization to NH was between 10.70% and 33.49% in the present study. For instance, resting HR
decreased significantly by day 10 and day 14, by 13.57% and 14.82%, respectively, relative to day 1 of exposure to NH.
Furthermore, HR decreased significantly during light exercise by both days 10 and day 14, by 10.70% and 11.69%,

Table 2 Comparison of the Mean of the Physiological Measurements During Light Exercise at Low
Oxygen Partial Pressure (pO2 = 15%) on Days 10 and 14 with That of Day | (n = 10)

Exercise Session Mean (£SD)
Days . .
HR Respiratory Minute VO, VO,/HR
Frequency RF | Ventilation VE | (mL/min/kg)
| 105.61 (3.94) | 30.01 (2.14) 22.85 (3.42) 9.82 (1.18) 6.14 (1.02)
10 9431 (4.79)%F | 24.79 (2.12)* 16.12 (2.41)** 7.05 (0.61)* 4.72 (0.87)*
14 93.26 (4.98)** | 24.77 (2.16)* 15.84 (2.19)** 6.81 (0.58)** 4.74 (0.81)*

Notes: ** Indicates that data are significantly different as compared with the first day of exposure to hypoxia (pO2 =

Indicates that data are significantly different as compared with the first day of exposure to hypoxia (pO2 = 15%) at P < 0.05.
Abbreviations: HR, Heart rate; VO2, Oxygen consumption; VO2/HR, Oxygen pulse.

15%)at P<0.01).*
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respectively, as compared to day 1 of exposure to NH (P <0.05). NH is a practical and safe method, and is less costly than
hypobaric hypoxia (HH) for improving acclimatization of physical fitness components. A recent study found no
significant differences in resting (P = 0.397) and exercise (P = 0.790) HR between HH and NH.*' Moreover,
a significant reduction in HR recovery (calculated as the difference between the peak HR and the resting HR after
a 2-min rest) was seen in both the HH and NH groups across a training program (P < 0.05).*?

Some hematological changes occur during exposure to altitude or a simulated environment, such as an NH
chamber, including an increase in Hb and a decrease in Hb—O2 affinity.**** The initial increased in Hb is due to the
reduction in plasma volume. After a couple of weeks, the Hb concentration increases with red blood cell production.
The reduced pO, of inspired air reduces the pO, of the arterial blood (PaO;). The low level of O, in the blood is
countered by increasing the cardiac output and/or blood—O, capacitance coefficient, which requires an increase in
HR, therefore in cardiac output.®> The current study protocol improved the participants’ resting HR resulting in
acclimatization within 10 days. The elevation in Hb and Hct levels begins within a few days (3—4 days) after initial
exposure to hypoxia, which may lead to an increase in the PaO, and O, content of the blood.*® The increase in HR
and cardiac output during the first few days after exposure to hypoxia, combined with increasing RF and VE, meets
the demand for O, in body tissues.'®

The present study reported a significant improvement in the RF during rest and light exercise. Resting RF
decreased significantly by 21.01% and 23.62%, respectively, by days 10 and 14, as compared to day 1 of exposure
to hypoxia. Moreover, RF during light exercise was reduced by 17.39% and 17.44% on days 10 and 14, respectively,
as compared to the first day of exposure to hypoxia. Although a few studies have investigated RF acclimatization to
hypoxia, some have not found significant changes in RF between normoxia and NH in healthy men.’” However,
these studies used short periods (ie, 10 min) of exposure to NH (pO2 = 10%).>® Our study showed that young
individuals, even if they have inactive lifestyles, may acclimatize to hypoxia within 10—14 days if light physical
activity is performed.

Resting VE in the current study decreased by 19.23% and 21.28% by days 10 and 14, respectively, as compared
to day 1 of exposure to NH. Similarly, during light exercise sessions, VE decreased by 29.06% and 30.68%, respectively,
by days 10 and 14 as compared to the first day of exposure to NH. In a previous study,’® investigators measured VE
during 10 hours of exposure to simulated altitude (normobaric hypoxia and normoxic hypobaria). They found that VE
was not significantly different between normobaric hypoxia and normoxic hypobaria. However, after 3 hours, normobaric
hypoxia was higher than altitude by 39% and higher than normoxic hypobaria by 41% (P<0.01).

Ventura et al investigated the physiological responses to short-term intermittent exposure to hypoxia at a simulated
altitude of 4000 m, which progressively increased to 5500 m over 17 days, in a study that included low-intensity exercise
over 7 days to acclimatize to altitude.”® All participants experienced a significant increase in maximal pulmonary
ventilation within a few days (P < 0.05). Using a protocol based on exposure to 6000 m for 5 h/day on 3 consecutive
days, followed by exposure to 8000 m for 1 h/day in trained adults, they found increased ventilation and PaO2, and
decreased PaCO2, without significant changes in red blood cell counts.*! On the other hand, our study demonstrated that
exposure to NH (pO2 = 15%) for only 2 h/day for 10 days may help acclimatization to altitude by improving
physiological parameters, such as pulmonary capacity and VE.

The results of the current study showed a significant increase in VO, during light exercise, with an improvement
by 28.21% and 30.65% on days 10 and day 14, respectively (both P < 0.01), as compared to the first day of
exposure to hypoxia. No significant differences between the reported VO, on days 10 and 14 were found compared
with the same workload in normal ambient air (normoxia) (P = 0.29). Furthermore, oxygen pulse (VO,/HR) also
improved by 23.13% and 22.80% on days 10 and day 14, respectively (both P < 0.01), as compared to the first day
of exposure to hypoxia. Eroglu and Aydin examined the impact of intermittent hypoxic interventions on the aerobic
and anaerobic performance of elite athletes. They concluded that no significant changes in performance occurred,
including VO,, in the hypoxic group. The differences in the study findings may be due to the methods used, as the
hypoxia group in their study was exposed to hypoxia for 4 weeks, 3 days/week. Each session lasted 60 min/day;
thus, participants were exposed to normal ambient air (normoxia) for 5 min, followed by 5 min of hypoxia (pO, =
15%).** Furthermore, differences in the study findings may be partly related to the participants’ fitness levels, as all
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of the participants in the previous study were elite athletes. In the present study, hematological blood parameters,
such as Hb or Hct, were not measured. However, the reported improvement in VO, and VO,/HR in the present
study could be attributed to the significant increase in Hb concentration as well as the improvement in the stroke
volume induced by enhanced contractility during light exercise.*’

Although the findings of the present study were consistent with those of previous studies, which reported that hypoxic

7:212243 cautions should be taken as some similar

exposure significantly improved some physiological parameters,
findings may refer to different factors. Moreover, the present study was not randomized control trial (RCT). Thus,

more studies are recommended using RCT protocol to enhance more precise findings.

Study Limitations

The current study was a quasi-experimental study, and did not use a control group to compare their data with the
experimental group. In addition, the sample size was small, as the nature of the study protocol, which included exposure
to hypoxia, made it difficult to recruit participants. The current study did not measure some important physiological
parameters, including hematological and cardiovascular variables, which may help to explain some of the reported
results. The study is not placebo controlled. There were no measurements done during exercise in normoxia.

Conclusion

In conclusion, whereas research on acclimatization during rest and light exercise has not been well studied, this study
revealed that combining light exercise with intermittent exposure to NH (pO2 = 15%) for as little as 2 h per day for 10
days may improve some important cardiovascular capacities in inactive adults. The protocol used in this study may help
to improve acclimatization in adults when they visit high altitudes (approximately 2500 m above sea level). This may
help untrained adults or tourists who would like to visit such places to use this protocol. Further research is required to
examine the impact of similar protocols on different populations.
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