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Abstract. The purpose of this study was to investigate the exercise intensity of 

endurance training of altitude training under the plain and plateau by means of the fixed 

maximal oxygen expenditure. Eight middle and long distance runners voluntarily 

participated in this study, the ergmeter bike and telemetry cardiopulmonary function 

system were used in the endurance test in Chengdu and Kangding, and the oxygen 

uptake, heart rate, power output, oxhemoglobin saturation by pulse oximetry (SPO2) , 

and blood lactic acid were tested. The results indicated that the altitude training can 

reduce the power output and SPO2,  the power output and heart rate were significant 

affected under long term altitude training, and the heart rate and blood lactic acid seem 

have not been affected by training environmental factors. The findings of this study 

revealed that taking the heart rate as monitor criteria in moderate altitude training was 

an appropriate way, and the power output criteria may under- or over-estimate the 

exercise intensity in altitude training.  

Introduction 

Altitude training have been widely used in sports training, in the recent literature, the 

main method are live low and train high, and live high and train low. The coach can 

make their train program according to the requirement of training protocol.  

In the recent literature, the authors reviewed some former findings of some 

researchers. Diebel et al. estimated the impact of altitude training on BL changes 

immediately following an incremental treadmill test and during recovery before and 

after 10-day altitude training at approximately 1828 meters. Their findings indicated 

that a 10-day altitude intervention at 1828 meters may benefit varsity cross-country 

runners. The higher post-exercise BL may be attributed to more anaerobic contributions. 

Lower HR may suggest a larger stroke volume and/or more efficient O2 carrying 

capacity [1]. Woods et al. determined whether 4 weeks of 

classical altitude training affects RMR in middle-distance runners. Ten highly trained 

athletes were recruited for 4 weeks of endurance training undertaking identical 

programs at either 2200m in Flagstaff, Arizona or 600m in Canberra, Australia . The 

findings determined that the altitude exposure may increase RMR and enhance training 

adaptation.[2] Stickford et al. determined if select kinematic variables changed in a 

group of elite distance runners after 4 wks of altitude training.  The study indicated that 

the running mechanics are not affected by chronic altitude training in elite distance 

runners. The data suggest that either chronic training at altitude truly has no effect on 

running mechanics or completing the live high-train low model of altitude training, 
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where higher-velocity workouts are completed at lower elevations, mitigates any 

negative mechanical adaptations that may be associated with chronic training at slower 

speeds. [3] Warren et al. investigated the effects of an elevation training mask (ETM) 

on the VO2max of male Reserve Officers Training Corps cadets. This study concluded 

that the ETM did not cause a significant increase in VO2max under the training 

conditions of this study. [4] Bor-Kucukatay et al. investigated the possible alterations in 

hemorheological parameters in response to altitude training. The results of this study 

show that, living (LHC) and training at altitude (LHTH) seems more advantageous in 

hemorheological point of view. [5] Carr et al. examined effects of 

low altitude training and a live-high: train-low protocol (combining both natural and 

simulated modalities) on haemoglobin mass, maximum oxygen consumption 

(VO2max), time to exhaustion, and submaximal exercise measures. We recommend 

low altitude (1380 m) combined with sleeping in altitude tents as one effective 

alternative to traditional altitude training methods, which can improve Hbmass.[6] 

Siewierski et al. estimated changes in blood morphology caused by participation of 

record-seeking swimmers in a high altitude training camp at 2,300 m above sea level 

and to assess their performance during major competitions before and after the camp. 

The response of the examined swimmers from the Polish Olympic Team to the 

high altitude training (at 2,300 m above sea level) was represented by an almost 

three-fold increase in blood reticulocyte count during the first micro-cycle of training as 

well as by an elevated erythrocyte count, and haemoglobin and haematocrit levels 

estimated after completion of the training, as compared to the results obtained before 

the camp. Six out of eight subjects improved their performance in major competitions 

organized after the training camp, and four of them broke their personal bests. [7] 

Suchy et al tested the influence of a ten day altitude training camp on performance in 

well-trained adolescent cross-country skiers. In the model we were testing, the ten 

day altitude camp was to verify a positive effect on adolescents in acute improvement 

of their performance ten days after their return to low altitude. [8] McLean et al. 

examined changes in 2000-m time-trial running performance (TT), hemoglobin mass 

(Hbmass), and intramuscular carnosine content of elite Australian Football players after 

a preseason altitude camp. A preseason altitude camp improved TT performance and 

Hbmass in elite AF players to a magnitude similar to that demonstrated by elite 

endurance athletes undertaking altitude training. The individual responsiveness of both 

TT and Hbmasswas approximately half the groups mean effect, indicating that most 

players gained benefit. The maintenance of running performance for 4 wks, despite 

Hbmass returning to baseline, suggests that altitude training is a valuable preparation 

for AF players leading into the competitive season. [9] Garvican et al determined the 

time course of hemoglobin mass (Hbmass) to natural altitude training,  Their results 

suggest that in elite cyclists, Hbmass increases progressively with 3 weeks of 

natural altitude exposure, with greater increases expected as exposure persists. [10] 

Robach, P. & Lundby, C. examined the relevance of live high-train low 

altitude training for elite athletes with already high total hemoglobin mass. They 

mentioned that LHTL was adopted in training programs of sport federations and is 

accepted as the most effectivealtitude training regime. They assert that LHTL may only 

increase total hemoglobin mass in athletes with an initial total hemoglobin mass 

value.[11] Saunders et al quantified physiological and performance effects of hypoxic 

exposure, a training camp, the placebo effect, and a combination of these factors. 

Overall, 3-wk LHTL simulated altitude training for 14 h/d increased Hbmass and VO2 

peak, but the improvement in treadmill performance was not greater than 
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the training camp effect. [12] Nummela & Rusko investigated the benefits of living 

high and training low on anaerobic performance at sea level, eight 400-m runners lived 

for 10 days in normobaric hypoxia in an altitude house and trained outdoors in ambient 

normoxia at sea level. demonstrate improved 400-m performance after 10 days of living 

in normobaric hypoxia and training at sea level. Furthermore, their study provided 

evidence that changes in the acid-base balance and lactate metabolism might be 

responsible for the improvement in sprint performance. [13] 

In the present study, the authors adopted the 75% VO2max  exercise intensity to 

exercise for 45min and then to increase the exercise intensity to 90%  VO2max  and up to 

exhausted exercise, by means of the comparison of the oxygen uptake, heart rate, power 

output, and  oxhemoglobin saturation by pulse oximetry, blood lactic acid etc. in plain 

and plateau and make an attempt to give some suggestion for coaches and athletes on 

exercise intensity of altitude training.  

Method 

Participant 

Eight middle and long distance runners in collegiate team affiliated Chengdu Sport 

University; the basic demographic information was listed in table 1. 

Experimental Design 

1) maximal oxygen uptake test: the test have been performed on June 4 to 7,2016 in Key 

laboratory of Chengdu Sport University(503m above sea level). The individual VO2max 

was obtained  using progressive increment of load (15W/min.)  to the exhausted  level.  

Within two weeks after the VO2max, the endurance tests have been carried out in 

Chengdu and Kangding.  

2) Physiological and biochemical index test: during endurance test the oxygen uptake, 

heart rate, power output, and oxhemoglobin saturation by pulse oximetry, blood lactic 

acid were obtained. 

Data Analysis 

All collected data were analyzed using IBM SPSS Statistics 22.0,  the description 

statistics, one-way ANOVOA, LSD multiple comparison were used in the analysis, and 

significant level was set at 0.05. 

Results  

SPO2 Differences in Plain and Plateau   

As listed in table 2, the results indicated that (1) the SPO2 value  at all points were 

significant lower in Kangding plateau than that in Chengdu plain during the 75% 

VO2max for 45min and the following 90% VO2max to exhausted endurance test, (2) the 

SPO2 value after exhausted endurance test was significant lower than that at 5 min. In 

Chengdu, however, the result was opposite in Kangding, (3) in general, the SPO2 values 

in Chengdu were significant lower than that in Kangding. 
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Heart Rate Differences in Plain and Plateau 

As listed in table 3, the result indicated that (1) at 5min., 25min.,45min.,and exhausted 

time, there were insignificant differences in heart rate in endurance test,(2) both in 

Chengdu and Kangding, there were significant higher at 25min.,45min.,and exhausted 

time than that at 5min.       

Power Output Differences in Plain and Plateau  

As listed in table 4, the result indicated that (1) the power output at 25min. and 45min. 

were significant lower than that at 5min. both in Chengdu and in Kangding , and  (2) the 

power output at any point in Kangding were lower than that in Chengdu. 

Blood lactic Acid Differences in Plain and Plateau 

As listed in table 5, the result indicated that there was no significant difference  in blood 

lactic acid before endurance test both in Chengdu and in Kangding, the  improvement of 

blood lactic acid was significant difference between pre- and  post endurance test, 

however, there was no significant difference between Chengdu and Kanding post 

endurance test. 
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Conclusions 

(1) The altitude training can reduce the power output and SPO2,  the power output and 

heart rate were significant affected under long term altitude training. 

(2) Heart rate and blood lactic acid seem have not been affected by training 

environmental factors.  

(3) The findings of this study revealed that taking the heart rate as monitor criteria in 

moderate altitude training was an appropriate way, and the power output criteria may 

under- or over-estimate the exercise intensity in altitude training.   
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