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Abstract: Background: Intermittent hypoxic exposure (IHE) improves wellbeing and performance by 

modulating physiological processes. Though the effect of IHE on oxygen saturation (SpO2) and submaximal 

exercise performance (SEP) upon deployment of Indian military personnel at high altitude (HA) has not been 

studied yet. Objective: To observe the effect of IHE on SpO2and SEP among Indian military personnel at sea 

level (SL) and upon rapid induction to 3500 m altitude. The data obtained at HA were also compared with age 

and gender matched high altitude natives (HAN) and acclimatized lowlanders (ALR). Methods: Two hundred 

thirty three volunteers (age: 22 – 34 years) participated in the study. 210 participants were enrolled at SL and 

randomly divided into experimental (EXP) or control (CON) group. The EXP group were given IHE at 12% 

FIO2, 4 hrs. every day for 4 days at an altitude of 218 m. Both the groups were inducted to 3500 m by air. After 

IHE at SL and on day 7 at HA heart rate (HR), SpO2 and SEP were evaluated. 8 HAN and 15 ALR were also 

participated and their HR, SpO2 and SEP were evaluated at HA only. Results: At SL significant difference 

between CON and EXP group was noted in resting (HR) and during exercise and recovery (HR and SpO2; 

P<0.05). At HA, HR of CON group during exercise and recovery period was significantly higher than the other 

3 groups (P<0.001). Resting SpO2 of EXP group was higher than other 3 groups but significant difference was 

noted with CON and HAN group (both P<0.001). During exercise and recovery at HA SpO2 of CON group was 

significantly lower than EXP group (P<0.001). Conclusion: Intermittent normobaric hypoxia exposure 

improves SpO2 and exercise performance during initial days of acclimatization at 3500 m altitude.  
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Introduction 

The limited availability of atmospheric oxygen 

due to low barometric pressure is the main 

causative factor for the altitude related problems 

observed at high altitude (HA). Individuals living 

near sea level (SL) when rapidly ascend to HA 

there is a decrease in their physical working 

capacity and chances of developing acute 

mountain sickness (AMS) are high.  It has been 

observed that both maximal and sub-maximal 

exercise capacity reduces upon induction to HA 

[1]. Above 5000 feet maximal aerobic capacity 

(V̇O2max) decreases by about 1.5-3.5% for every 

1000 feet ascent for both trained and untrained 

individuals [2].  

 

It has been reported that while inducting from 

300 m to 3100 m V̇O2max was reduced by 26% 

[3]. At altitude, exercise performance never 

reaches its SL value even after several months 

of acclimatization due to reduced cardiac 

output (CO) and redistribution of blood flow 

to the other tissues [4-5]. During a stay at 

altitude decreased plasma volume (due to low 

thirst, insensible water and fluid loss from 

other routes) and increased total peripheral 

vascular resistance (due to cold) lowers the 

stroke volume (SV) and ultimately diminishes 

both maximal and sub-maximal CO [6].  

 

Arterial oxygen saturation (SpO2), a predictor 

of acclimatization and AMS, has also been 

reported decreased upon induction to HA [7]. 

The causative factor for lowered SpO2 at HA 

might be due to increased dead space 

ventilation which results from hypobaric 

hypoxia induced higher breathing frequency, a 

lower tidal volume and minute ventilation [8].  
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Intermittent hypoxic exposure (IHE) is a non-

invasive, drug free technique reported to improve 

wellbeing and performance in a low barometric 

pressure environment and for the treatment of 

degenerative diseases [9]. This process actually 

initiates physiological adaptations similar to 

altitude acclimatization and ultimately helps to 

increase performance. It has been reported that 

IHE can decrease the incidence and severalty of 

AMS and improve autonomic control [10-11].  

 

IHE is a well-practiced technique to improve 

performance at SL and HA both [12-13]. It has 

also been reported that IHE can improve aerobic 

capacity, endurance performance, and anaerobic 

power [13-16]. Rapid deployment of defence 

personnel at HA by air is required during 

emergency situations. It has been observed that 

upon rapid induction of military personnel at HA 

there is a deterioration of their physical capacity. 

In these circumstances IHE, that has been 

reported to improve performance, can be a good 

strategy to protect the physical capacity of 

military personnel at HA [17].  

 

It is well established that the strength of the 

overall acclimatization process is assessed by the 

decrease in AMS incidence and reduction in heart 

rate (HR) during exercise in association with 

maintenance of SpO2 level. In our earlier study 

we have found that the IHE significantly reduces 

the AMS on acute induction to HA [18]. 

However, the effect of IHE on SpO2 and 

submaximal exercise performance (SEP) upon 

rapid deployment of Indian military personnel at 

HA has not been studied yet. The present study 

was undertaken to observe the effect of IHE on 

SpO2 and SEP of Indian military personnel at SL 

and HA (3500 m). SpO2 and SEP of high altitude 

natives (HAN) and acclimatized lowlanders 

(ALR) in the same altitude were also evaluated at 

HA to observe the effectiveness of IHE with 

them. 

 

Material and Methods 

Participants: A total 233 healthy males 

volunteered for the study.  

 

Inclusion criteria were; 

(i) Healthy and within age range: 21 to 35 years.   

(ii) Medical category SHAPE-I.  

 

Exclusion criteria were; 

(i) Presence of systemic hypertension  

(ii) Any pre-existing/ concurrent illness  

(iii) Under any medication.  

 

Two hundred and ten soldiers from Indian 

Armed Forces recruited for the study at SL. 

They were randomly divided into 2 groups – 

Experimental (EXP) and Control (CON). Age 

and gender matched 8 HAN, who were born 

and brought up at an altitude ranging from 

3000 – 3600 m, and 15 ALR, who are posted 

around Leh area (3100 – 3600 m) for the last 

30 days, were also included in the study. 

 

Flow chart of the randomized controlled trial 

– participant recruitment and study design is 

depicted in figure 1. The study protocol was 

approved by the Institute’s Ethical Committee 

(IEC/DIPAS/09/DIP-251) and informed 

consent from all the participants was taken as 

per Declaration of Helsinki (WMA, 2000). 

 

Experimental Design: The SL study was 

carried out at Delhi (740 mm Hg) where the 

laboratory temperature was maintained 

between 20 and 24
o 

C and relative humidity at 

40-50%. EXP group of subjects were exposed 

to normobaric intermittent hypoxia exposure 

at 12% FIO2 (altitude equivalent to 4350m, 

final SpO2 in blood was around 87-88%) for 4 

hours per day for four consecutive days at an 

altitude of 218m.  

 

CON group of subjects breathed ambient air 

sitting in a separate room for the same 

duration. On the following day, all the 

volunteers were inducted to Leh (altitude 

3,500 m and barometric pressure 483 mmHg) 

in the Western Himalayas, by a pressurized 

aircraft.  At SL arterial oxygen saturation 

level and submaximal exercise data of 210 

participants were recorded after IHE. At 3500 

m altitude resting and exercise testing was 

conducted on day 7, after acclimatization for 6 

days, in the morning hour and in a 

temperature controlled room where the 

temperature was maintained between 20 - 25
o 

C and relative humidity was 40%. Similar 

experiments were also conducted on HAN and 

ALR group at HA.  
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Fig-1: Flow chart of the randomized controlled trial-participant recruitment and study design. IHE: Intermittent 

hypoxic exposure; SL: sea level, HA: high altitude. 
 

 
 

The resting parameters were recorded in sitting 

condition. HR was recorded with a Polar HR Belt 

(T34, Polar Electro OY, Kempele, Finland) and 

monitored at Polar Heart Wrist Receiver (S810i), 

connected telemetrically. SpO2 was recorded 

using digital fingertip pulse oximeter (MD300C1, 

Choicemmed, Europe). Submaximal exercise was 

performed on a wooden stool for a total duration 

of 2 minutes where participants were asked to 

step up and down as rapidly as possible [19]. HR 

and SpO2 were recorded at 1
st
 and 2

nd
 minute of 

exercise. Participants were instructed to sit 

immediately after exercise and recovery data 

were recorded at 1
st
, 2

nd
 and 3

rd
 minute after 

cessation of the exercise. Data were presented as 

Mean ± SD and statistical analysis carried out 

using SPSS (v21.0, SPSS. Inc., Chicago, IL, 

USA). Repeated measure ANOVA has been 

used to test the significant difference (p ≤ 

0.05), followed by Tukey Test to see the pair 

wise differences. 

 

Results 

Mean age, height and weight of the 4 groups 

(CON, EXP, HAN and ALR) are shown in 

Table 1. There was no significant difference 

in age and weight among the 4 groups. 

However significance difference was observed 

in height of HAN group from other groups 

(CON vs. HAN: P<0.001; EXP vs. HAN: 

P<0.001; ALR vs. HAN: P<0.01). 

 

Table-1: Mean Age, Height and Weight of study participants 

Group Age (Years) Height (cm) Weight (kg) 

CON 27.2 ± 4.0 173.2 ± 4.7
*** 

72.9 ± 5.4 

EXP 27.3 ± 3.9 172.2 ± 4.8
# # # 

71.9 ± 5.9 

HAN 26.5 ± 3.4 165.4 ± 3.0
€ € 

68.1 ± 4.3 

ALR 26.7 ± 1.9 172.3 ± 3.7 71.5 ± 7.6 

Values are expressed as Mean ± SD. 

CON: Control group; EXP: Experimental group; HAN: High altitude native; ALR: Acclimatized sea level residents. 

* p<0.05, as compared from CON vs. HAN; # p<0.05, as compared from EXP vs. HAN; €p<0.05, as compared from HAN 

vs. ALR. 
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Table-2: Resting and exercise response of participants of control and IHE group at low altitude 

Heart rate (bpm) SpO2 (%) 
 

CON EXP CON EXP 

Resting 69.0 ± 7.5 67.2 ± 4.8* 98.4 ± 0.5 98.5 ± 0.5 

Exercise     

1 min 116.2 ± 3.2 115.5 ± 3.5 97.7 ± 0.5 97.5 ± 0.5** 

2 min 136.0 ± 2.7 130.1 ± 3.0*** 97.7 ± 0.4 97.5 ± 0.5** 

Recovery     

1 min 110.3 ± 3.4 103.2 ± 1.8*** 97.7 ± 0.5 97.8 ± 0.4* 

2 min 95.0 ± 1.7 92.2 ± 1.5*** 97.7 ± 0.5 97.8 ± 0.4* 

3 min 90.2 ± 2.0 88.7 ± 1.6*** 97.8 ± 0.4 97.8 ± 0.4 

Values are expressed as Mean ± SD. 

CON: Control group; EXP: Experimental group.* p<0.05, as compared from CON vs. EXP. 

 
Table 2 depicts the HR and SpO2 of the CON and 

EXP groups during resting condition, in response 

to SEP and recovery at SL. Resting HR of CON 

group was significantly higher (P<0.05) than EXP 

group. During exercise at 2
nd

 min. and recovery 

period HR of CON group was significantly higher 

(P<0.001) than EXP group. SpO2 of CON group 

was higher during SEP (P<0.01) and recovery 

period (min 1 and min 2: P<0.05) was 

significantly lower from EXP group. HR and 

SpO2 of the CON, EXP, HAN and ALR groups 

during resting condition, in response to SEP and 

recovery at HA were presented in Table 3. No 

significant difference was observed in resting 

heart rate among the 4 groups. Resting SpO2 

of EXP group was significantly higher than 

CON and HAN group (both P<0.001) at HA. 

SpO2 of HAN group was significantly lower 

from CON and ALR groups (both P<0.001). 

SpO2 of ALR group was significantly higher 

from CON group (P<0.05). During 1
st
 min of 

exercise test HR of CON group was 

significantly higher from EXP, HAN and 

ALR groups (all P<0.001). During the same 

time HR of EXP group was significantly 

higher from HAN and ALR groups (both 

P<0.001).  

 

Table-3: Resting and exercise response of participants at high altitude 

Heart rate (bpm) SpO2 (%) 
 

CON EXP HAN ALR CON EXP HAN ALR 

Resting 
76.2 ± 

3.6 

75.0 ± 

6.5 

74.5 ± 

11.2 
75.9 ± 7.5 

95.2 ± 

0.9
*** 

96.1 ± 

0.9@@@ 
93.3 ± 

1.2 $$$ 
95.9 ± 1.4 

€ ¥ ¥ ¥ 

Exercise         

1 min 
134.1 ± 

4.7
*** 

129.7 ± 

8.1@@@ 
109.8 ± 

9.2 $$$  ¥ 
119.1 ± 

16.5# # #  €€€ 
89.3 ± 

1.4
*** 

91.8 ± 

1.2 # # # 
91.0 ± 

0.8 $$ 
93.3 ± 2.2 

€€€ ¥ ¥ 

2 min 
158.5 ± 

5.9
*** 

147.4 ± 

9.0@@@ 
128.9 ± 

12.9 $$$ 

138.4 ± 17.2  
# #  €€€

 

85.3 ± 

1.4
*** 

88.4 ± 

2.0 

89.4 ± 

1.9 $$$ 
89.5 ± 3.0 

€€€ 

Recovery         

1 min 
131.1 ± 

6.4
*** 

122.4 ± 

6.57@@@ 
106.9 ± 

13.6 $$$ 
120.5 ± 16.2 

€€€ ¥ ¥ ¥ 
90.0 ± 

1.1
*** 

91.3 ± 

1.8@ 
93.1 ± 

1.1 $$$ 
90.6 ± 2.6 

¥ ¥ 

2 min 
116.1 ± 

7.8
*** 

108.8 ± 

8.2@@@ 
94.3 ± 

12.3 $$$ 
105.3 ± 12.3 

€€€ ¥ 
93.3 ± 

1.1
*** 

95.0 ± 

1.2 

95.9 ± 

0.8 $$$ 
95.2 ± 1.3 

€€€ 

3 min 
97.8 ± 

5.4
*** 

90.0 ± 

5.2 

87.4 ± 

10.4 $$$ 
89.7 ± 9.2 €€€ 

95.2 ± 

0.9
*** 

96.0 ± 

0.9 

96.1 ± 

1.0 $ 
96.1 ± 1.1 

€€ 

Values are expressed as Mean ± SD. 

CON: Control group; EXP: Experimental group; HAN: High altitude native; ALR: Acclimatized low altitude residents. 

* p<0.05, as compared from CON vs. EXP; @ p<0.05, as compared from EXP vs. HAN; # p<0.05, as compared from EXP 

vs. ALR; $ p<0.05, as compared from CON vs. HAN; €p<0.05, as compared from CON vs. ALR; ¥p<0.05, as compared 

from HAN vs. ALR. 
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HR of HAN was also significantly lower 

(P<0.05) from ALR group. A similar trend was 

also observed in the 2
nd

 min of SEP. HR of CON 

group was significantly higher from EXP, HAN 

and ALR groups (all P<0.001). HR of EXP group 

was significantly higher from HAN (P<0.001) 

and ALR (all P<0.01) groups. During 1
st
 and 2

nd
 

min of recovery, HR of CON group was 

significantly higher from rest of the 3 groups (all 

P<0.001). In the same time HR of EXP group was 

significantly higher (P<0.001) from HAN group. 

In these 2 minutes HR of HAN group was 

significantly lower from ALR (1
st
 min: P<0.001 

and 2
nd

 min: P<0.05) group. In the 3
rd

 min of 

recovery period only the HR of CON group was 

significantly higher from the EXP, HAN and 

ALR groups (all P<0.001).  

 

No significant difference was noted among the 

other groups in this period. In the 1
st
 min of 

exercise test SpO2 of CON group was 

significantly lower from EXP group (P<0.001), 

HAN group (P<0.01) and ALR group (P<0.001). 

SpO2 of EXP group was significantly lower 

(P<0.001) than ALR group. In the 2
nd

 min of SEP 

the SpO2 of CON group was significantly lower 

from the other 3 groups (P<0.001). No significant 

difference was noted among the EXP, HAN and 

ALR groups in this period.  

 

In the 1
st
 min of recovery period SpO2 of CON 

group was significantly lower from EXP and 

HAN groups (P<0.001). In the same time SpO2 of 

EXP group and ALR group was statistically 

lowered from HAN group (P<0.05 and P<0.01 

respectively). In the 2
nd

 and 3
rd

 min of recovery 

period the SpO2 of CON group was significantly 

higher from EXP group (P<0.001), HAN group 

(2
nd

 min: P<0.001 and 3
rd

 min: P<0.05) and ALR 

group (2
nd

 min: P<0.001 and 3
rd

 min: P<0.01). In 

the same periods no significant difference was 

noted among the other 3 groups. 

 

Discussion 

In the present study the effect of IHE on oxygen 

saturation and exercise response were assessed 

both at SL and at HA (3,500 m). Moreover, the 

effectiveness of IHE, on the same parameters, 

was also compared with HAN and ALR at HA. 

The important finding that we observed from this 

study was IHE for 4 days at 12% FIO2 improved 

resting SpO2 and exercise performance at HA. It 

has been reported by various authors that IHE 

improves exercise performance by modifying 

various physiological pathways. 

 

Bonetti et al (2006) reported that following 

intermittent hypoxic training physical 

performance in terms of peak power and 

repeat sprint speed was improved by changing 

the oxygen transport [20]. It has also been 

observed that after 3 weeks of intermittent 

normoberic hypoxic exposure there was an 

improvement in 3-km performance in multi-

sport athletes [12].  

 

It was observed that height of HAN group was 

lowest among 4 groups (4.5% from CON 

group, 3.9% from EXP and 4% from ALR). 

The difference in height might be due to the 

larger leg length of the other 3 groups, 

different food & nutrition pattern, genetic and 

environmental factors [21]. After IHE at SL 

resting HR of CON group was 2.6% higher 

from EXP group. The lower HR of EXP group 

might be due to change in the autonomic 

nervous system towards more 

parasympathetic by IHE [11].  

 

During 2
nd

 min of SEP, HR of CON group 

was increased by 14.6% whereas in EXP 

group it was 11.2% only. During exercise at 

HA, HR of CON group was increased by 75% 

and 108% in 1
st
 and 2

nd
 min respectively. In 

the same period HR of EXP group was 

increased by 72.9% and 96.5%, in HAN group 

47.4% and 73% and in ALR group 56.9% and 

82%respectively. Though there was no 

difference in resting HR at HA between CON 

and EXP group. But during exercise HR of 

CON group was lower than EXP group by 

3.4% and 7.5% respectively. 

 

HR of EXP group, during exercise, was higher 

than HAN and ALR group. During exercise, 

at 1
st
 min SpO2 of EXP was 1.6% higher than 

ALR group. During recovery period the 

difference in HR between EXP and CON 

group was 7.1%, 6.7%, and 8.7% in 1
st
, 2

nd
 

and 3
rd

 min respectively. HR of EXP group 

during recovery period (1
st
 and 2

nd
 min) was 

higher than HAN group only. At HA the 

resting SpO2 of EXP group was highest 

among all the other groups, thus proving the 

effectiveness of IHE for less fall of SpO2 upon 
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rapid induction to HA. Our observation is similar 

with other published reports [10-11, 22].  

 

It has also been reported that at HA assessment of 

SpO2 after light exercise estimates the level of 

acclimatization among healthy subjects [23]. 

During SEP in the present study SpO2 of CON 

group was reduced by 6.2% and 10.4% in the 1
st
 

and 2
nd

 min respectively. Whereas during the 

same time fall of SpO2 in EXP group was 4.5% 

and 8%, in HAN 2.5% and 4.2%, in ALR group 

2.7% and 6.7%. The maintenance of oxygen 

saturation of HAN group during exercise might 

be due to their higher diffusion capacity for 

oxygen [24].  

 

During exercise SpO2 of EXP group was lower 

than the CON group by 2.7% and 3.5% 

respectively. In recovery period also the 

difference in SpO2 between the 2 groups was 

1.4%, 1.8%, and 0.8% in the 1
st
, 2

nd
 and 3

rd
 min 

respectively. It has been proved that those who 

can maintain their resting and exercise induced 

SpO2 at HA do not develop AMS [25].  

 

In this study the higher resting SpO2 at HA and 

lesser fall of SpO2 during exercise test at SL and 

HA both in EXP group than CON group might be 

due to higher arterial oxygen content, total 

haemoglobin mass and haemoglobin 

concentration due to IHE [26]. IHE might also 

increase SV that improves oxygen pulse and 

ultimately exercise performance [12]. Hypoxic 

training can also increase serum erythropoietin 

syntheses which in turn increase the haematocrit, 

synthesis of red blood cells, haemoglobin, 

reticulocytes and ultimately improve supply of 

oxygen to the working muscle during exercise 

and thus improve performance [27-28].  

 

Less increase in HR and fall of SpO2 of HAN 

group during exercise testing might be due to 

their higher gas exchange efficiency with low 

minute ventilation and smaller alveolar-arterial 

partial pressure differences during exercise [29]. 

It has been reported that HAN have significantly 

higher V̇O2max than their SL counterparts and 

decrement of V̇O2max was also smaller with 

increasing altitude. It was also found that during 

exercise HAN people have lower pulmonary 

ventilation and higher SpO2 than SL participants 

[30]. Lower HR and higher SpO2 during 

exercise as observed in the ALR group in 

comparison to CON and EXP groups might be 

due to their higher haemoglobin level that 

may be increased with stay at HA [31].  

 

In recovery period increase in SpO2 in HAN 

group was observed 4.1%, 2.9% and 0.2 % 

and in ALR group 1.2%, 4.8% and 0.9% in 

the 1
st
 2

nd
 and 3

rd
 min respectively. It has been 

reported that though during acclimatization of 

lowlanders at HA there is an improvement in 

pulmonary gas exchange but that always 

remain lower than the HAN people [32].  

 

After IHE at SL resting HR and exercise 

performance of EXP group was better than 

CON group. At HA resting SpO2 of EXP 

group was higher than other 3 groups but their 

exercise performance was better than the 

CON group only. Observing the effectiveness 

of normobaric IHE in the improvement of 

oxygen saturation and exercise performance in 

our study and others [33] it can be concluded 

that IHE could be an effective way to improve 

performance for maintaining operational 

effectiveness for the personnel, such as army, 

mountaineers, trekkers and tourists, who 

require rapid induction to HA. 

 

Conclusion 

Intermittent normobaric hypoxia exposure 

improves arterial oxygen saturation and also 

increases exercise performance during initial 

days of acclimatization at HA, thus can be 

used as a tool during emergency rapid 

induction. Future studies with larger subject 

cohort, other physiological and biochemical 

parameters are required for further analysis on 

the effectiveness of IHE on human health and 

performance.    
 

Acknowledgements 

Sincere gratitude to Director, Defence Institute of 

Physiology and Allied Sciences (DIPAS), Delhi 

for his continuous encouragement and interest in 

the work. The authors are grateful to Dr.SomNath 

Singh, Sc ‘F’, DIPAS, Delhi. Heartfelt thanks to 

all the volunteers who extended their utmost co-

operation in carrying out this study.  

 
Financial Support and sponsorship: Nil          Conflicts of interest: There are no conflicts of interest.  



Al Ameen J Med Sci; Volume 14, No.4, 2021                                                                                                            Halder K et al 

 

 
© 2021. Al Ameen Charitable Fund Trust, Bangalore 275 

 
References

1. Fulco CS, Rock PB, Cymerman A. Maximal and 

submaximal exercise performance at altitude. Aviat 

Space Environ Med, 1998; 69:793-801. 

2. McArdle WD, Katch FI, Katch L. Factors affecting 

physiological function: the environment and special 

aids to performance. In: McArdle WD, Katch FI, Katch 

L. (Eds.) Essentials of exercise physiology, 3rd ed. USA, 

Lippincott Williams & Wilkins, 2003; 541. 

3. Grover RF, Reeves JT. Exercise performance of 

athletes at sea level and at 3100 meters altitude. In: 

Goddard RF. (Ed) The effects of altitude on physical 

performance. Chicago, IL, Athletic Institute, 1967. 

4. Grover RF, Weil JV, Reeves JT. Cardiovascular 

adaptation to exercise at high altitude. Exerc Sport Sci 

Rev, 1986; 14:269-302.  

5. Calbet JA, Boushel R, Radegran G, Sondergaard H, 

Wagner PD, Saltin B. Why is VO2 max after altitude 

acclimatization still reduced despite normalization of 

arterial O2 content?. Am J PhysiolRegulIntegr Comp 

Physiol, 2003; 284(2):R304-316. 

6. Siebenmann C, Robach P, Lundby C. Regulation of 

blood volume in lowlanders exposed to high altitude. J 

Appl Physiol, 2017; 123(4): 957-966.  

7. Roach RC, Greene ER Schoene RB, Hackett PH. 

Arterial oxygen saturation for prediction of acute 

mountain sickness. Aviat Space Environ Med, 1998; 

69:1182-1185. 

8. Savourey G, Launay JC, Besnard Y, Guinet A, Travers 

S. Normo- and hypobaric hypoxia: are there any 

physiological differences?. Eur J ApplPhysiol, 2003; 

89(2):122-126. 

9. Xi L, Serebrovskaya TV, eds. Intermittent Hypoxia and 

Human Diseases. Springer, London, UK, 2012. 

10. Beidleman BA, Muza SR, Fulco CS, Cymerman A, 

Ditzler D, Stulz D, Staab JE, Skrinar GS, Lewis SF, 

Sawka MN. Intermittent altitude exposures reduce acute 

mountain sickness at 4300 m. ClinSci (Lond), 2004; 

106: 321-328. 

11. Taralov ZZ, Terziyski KV, Dimov PK, Marinov BI, 

Kostianev SS. Assessment of the impact of 10-day 

intermittent hypoxia on the autonomic control measured 

by heart rate variability. PhysiolInt, 2018; 105(4):386-

396. 

12. Hamlin MJ, Hellemans J. Effect of intermittent 

normoberic hypoxic exposure at rest on haematological, 

physiological and performance parameters in multi-

sport athletes. J of Sports Sciences, 2007; 25:431-441. 

13. Czuba M, Waskiewicz Z, Zajac A, Poprzecki S, 

Cholewa J, Roczniok R. The effects of intermittent 

hypoxic training on aerobic capacity and endurance 

performance in cyclists. J Sports Sci Med, 2011; 

10:175-183. 

14. Katayama K, Matsuo H, Ishida K, Mori S, Miyamura 

M. Intermittent hypoxia improves endurance 

performance and submaximal exercise efficiency. High 

Alt Med Biol, 2003; 4: 291-304. 

15. Hendriksen IJ, Meeuwsen T. The effect of intermittent 

training in hypobaric hypoxia on sea-level exercise: a 

cross-over study in humans. Eur J ApplPhysiol, 2003; 

88(4-5):396-403. 

16. Holliss BA, Burden RJ, Jones AM, Pedlar CR. Eight 

weeks of intermittent hypoxic training improves 

submaximal physiological variables in highly 

trained runners. J Strength Cond Res, 2014; 28(8): 

2195-203. 

17. Muza SR. Military applications of hypoxic training 

for high-altitude operations. Med Sci Sports Exerc, 

2007; 39(9):1625-1631. 

18. Bhaumik G, Dass D, Ghosh D, Kumar H, Kumar S, 

Kumar U, et al. Effect of  intermittent normobaric  

hypoxia  exposures  on acute  mountain sickness 

during acute Ascent to 3500 m in Indian Army 

personnel. Def Life Sc J, 2018; 3(3): 209-215. 

19. Haas F, Sweeney G, Pierre A, Plusch T, Whiteson 

J. Validation of a 2 minute step test for assessing 

functional improvement. Open Journal of Therapy 

and Rehabilitation, 2017; 5(2):71-81. 

20. Bonetti DL, Hopkins WG, Kilding AE. High-

intensity kayak performance after adaptation to 

intermittent hypoxia. Int J Sports Physiol Perform, 

2006; 1:246-260. 

21. Tripathy V, Gupta R. Growth among Tibetans at 

high and low altitudes in India. Am J Hum Biol, 

2007; 19(6):789-800. 

22. Hetzler RK, Stickley CD, Kimura IF, LaBotz M, 

Nichols AW, Nakasone KT et al. The effect of 

dynamic intermittent hypoxic conditioning on 

arterial oxygen saturation. Wilderness Environ 

Med, 2009; 20:26-32. 

23. Saito S, Shimada H, Imai T, Futamata Y, 

Yamamori K. Estimation of the degree of 

acclimatization to high altitude by a rapid and 

simple physiological examination. Int Arch Occup 

Environ Health, 1995; 67:347-351. 

24. Schoene RB, Roach RC, Lahiri S, Peters RM, 

Hackett PH, Santolaya R. Increased diffusion 

capacity maintains arterial saturation during 

exercise in the Quechua Indians of the Chilean 

Altiplano. Am J Hum Biol, 1990; 2:663-668. 

25. Karinen HM, Peltonen JE, Kähönen M, Tikkanen 

HO. Prediction of acute mountain sickness by 

monitoring arterial oxygen saturation during ascent. 

High Alt Med Biol, 2010; 11(4):325-332. 

26. Prommer N, Heinicke K, Viola T, Cajigal J, Behn 

C, Schmidt WF. Long-term intermittent hypoxia 

increases O2-transport capacity but not Vo2max. 

High Alt Med Biol, 2007; 8(3):225-235. 

27. Knaupp W, Khilnani S, Sherwood J, Scharf S, 

Steinberg H. Erythropoietin response to acute 

normobaric hypoxia in humans. J ApplPhysiol, 

1992; 73: 837-840. 

28. Powell FL, Garcia N. Physiological effects of 

intermittent hypoxia. High Alt Med Biol, 2000; 

1(2):125-136. 

29. Brutsaert TD. Population genetic aspects and 

phenotypic plasticity of ventilatory responses in 

high altitude natives. Respir Physiol Neurobiol, 

2007; 158:151-160. 

30. Brutsaert TD. Do high-altitude natives have 

enhanced exercise performance at altitude?. Appl 

Physiol Nutr Metab, 2008; 33:582-592. 

31. Basu M, Malhotra AS, Pal K, Prasad R, Kumar R, 

Prasad BA, Sawhney RC. Erythropoietin levels in 



Al Ameen J Med Sci; Volume 14, No.4, 2021                                                                                                            Halder K et al 

 

 
© 2021. Al Ameen Charitable Fund Trust, Bangalore 276 

lowlanders and high-altitude natives at 3450 m. Aviat 

Space Environ Med, 2007; 78(10):963-967. 

32. Lundby C, Calbet JA, van Hall G, Saltin B, Sander M. 

Pulmonary gas exchange at maximal exercise in Danish 

lowlanders during 8 wk of acclimatization to 4,100 m 

and in high-altitude Aymara natives. Am J 

PhysiolRegulIntegr Comp Physiol, 2004; 287(5): 

R1202-208. 

33. Sinex JA, Chapman RF. Hypoxic training methods for 

improving endurance exercise performance. J Sport 

Health Sci, 2015; 4(4):325-332. 

Cite this article as: Halder K, Pathak A, Bhaumik G 

and Saha M. Effect of Intermittent normobaric hypoxia 

on sub maximal exercise performance at high altitude 

(3500 m). Al Ameen J Med Sci 2021; 14(4):269-276  

 
This is an open access article distributed under the terms of the 

Creative Commons Attribution-Non Commercial (CC BY-NC 

4.0) License, which allows others to remix, adapt and build 

upon this work non-commercially, as long as the author is 

credited and the new creations are licensed under the identical 

terms.  

 
*All correspondences to: Dr. Kaushik Halder, DRDO-Defence Institute of Physiology and Allied Sciences, Lucknow Road, Timarpur, 

Delhi-110054, India. E-mail: kaushikhalder@dipas.drdo.in  


