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Introduction

Altitude or hypoxic training has been adopted by elite ath-
letes in their training programmes all over the world and has 
been proven to be effective. However, sport specialists are still 
discussing various issues related to training at altitude. The re-
sults of multiple investigations on the effects of altitude training 
on athletic performance in elite athletes have been reviewed in 
previous studies [1-11].

Many sport scientists have reported that training under 
natural or artificial hypoxia enhances endurance performance 
through the influence of specific factors. Nevertheless, a thor-
ough analysis of relevant studies has shown a lack of valid data 
related to the positive effect of hypoxic training on top sport re-
sults [6, 7]. There are several factors which may be responsible 
for this phenomenon: 

First of all, even when statistics show no valid positive al-
terations in an experimental group compared with a control 
group, explaining the results can be much more complicated. 
For instance, if 10 athletes performed similar hypoxic training, 
it might have been very effective for 2-3 of them and exerted a 
negative effect on the other 2-3 persons, while 4-5 athletes dem-
onstrated insignificant positive changes in performance tests [1, 
8]. 

Many unforeseen factors may influence sport performance 
outcomes, which makes the results of comparative studies less 
reliable [12].

Positive changes have been observed in the respiratory and 
cardiovascular systems after training at the altitude of 2,200-

2,500 m, while to improve local factors, training should be held 
at an altitude of up to 3,100 m (provided training is of maxi-
mal and submaximal intensity). However, even top athletes can 
hardly reach the maximal intensity of muscular contraction in 
sport-specific exercises at such an altitude. Consequently, pro-
longed training in that regimen hampers athletic performance 
[2, 5, 6]. 

Uniform training loads and identical characteristics of sub-
jects are crucial issues in any study in sport science. These re-
quirements are unrealistic when we study elite athletes prepar-
ing for athletic competitions.

Furthermore, many hypoxia-induced adaptive changes in 
the human organism are similar to those resulting from sea-
level athletic training. Thus, it is very difficult to distinguish the 
effect of altitude training on sport performance in elite athletes. 
Such a complex task cannot be solved with the help of statistical 
techniques. 

In light of the above, the aim of our work was to study the 
effect of natural hypoxia applied by elite athletes in the course 
of common training. Data were collected during joint Russian-
Chinese research on the training of elite athletes, who were 
members of the Russian and Chinese national teams. 

Methods
Subjects
The participants of the study were 12 female rowers from 

the 2016 Chinese Olympic team (R-team) and 8 male biathletes 
from the Russian national team (B-team). All the athletes regu-
larly participated in the World Cup and domestic competitions 
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at the national level. The research was approved by the ethics 
committees of the Shanghai University of Sport, and all partici-
pants gave their written informed consent. The characteristics 
of the subjects are presented in Table 1.

Table 1. Subject characteristics

Team Height (cm) Weight (kg) Age (y)

Rowers 180.9 ± 2.70 74.1 ± 2.50 23.8 ± 1.50

Biathletes 176.2 ± 4.48 72.6 ± 4.91 25.9 ± 1.51

Schedule of training camps and control tests
The study was held in the preparatory period, which lasted 

4-5 months. The duration of the training camps, the altitudes 
at which they were held, and the schedule of control tests are 
presented in Figures 1 (R-team) and 2 (B-team).

The preparatory period in each team was divided into two 
stages. In the R-team, in the first stage, a training camp was or-
ganised at sea level (SL) (200 m, November-January, 57 days); 
in the second stage, an altitude camp (AC) was held at 2,280 
m (January-March, 40 days). In the B-team, in the first stage, 

two training camps were held: the first one at 1,100 m (AC, 
June-July, 19 days) and the second one, a sea level camp (SLC), 
at 140 m (July-August, 31 days). Thus, the second control test 
was preceded by 31-day-long training at SL. In the second stage 
(September-October), three training camps were held: the first 
one at 1,100 m (AC, 19 days), the second one at 150 m (SLC, 13 
days), and the third one at 1,100-2,800 m (AC, 11 days). The “live 
low – train high” (LLTH) strategy was applied in the third AC: 
the athletes stayed at 1,100 m and completed 5 aerobic workouts 
at 2,800 m. The training load between the two ACs was low due 
to the athletes’ participation in a competition and the following 
6-day-long rest. Therefore, the second stage in the B-team can 
be regarded as altitude training (similarly as in the R-team). 

Both teams underwent three control tests. The first one 
took place prior to the first training stage, the second one was 
conducted at the end of the first training stage, and the third 
one was carried out 6-8 days after the end of the second training 
stage. All control tests were performed at SL.

Monitoring of training loads
Similar parameters of training loads were recorded daily in 

both teams during the pre-altitude and altitude training camps 
(SLCs and ACs). 

Figure 1. Schedule of sea level and altitude camps of B-team  

Figure 2. Schedule of sea level and altitude camps of R-team 
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Table 2 presents average training loads per week in the 
R-team during the SLC (first stage) and AC (second stage). Av-
erage training loads completed weekly by B-team in the first and 
second training stages are presented in Table 3.

The distribution of endurance and strength training loads 
in the first and second stages is illustrated in Figure 3. 

Control tests
Control testing was planned by Russian and Chinese spe-

cialists, and a uniform test protocol was implemented. 
The testing procedure in the R-team included a 5-step grad-

ed exercise test until exhaustion on a Concept II rowing ergom-
eter. The duration of each step was 4 min; the intervals between 
the steps, during which blood lactate was measured, lasted 30 
seconds. Initial workload was set at 150 W and increased pro-
gressively by 50 W at each step. Heart rate was measured dur-
ing the test. Capillary blood was collected (Chronolab systems, 
Spain) at the 3rd, 5th, and 15th minutes of recovery after the test. 
The maximal value of La was taken into account.

The graded exercise test provided data for plotting the 
power-La and power-HR graphs. The graphical method made it 
possible to determine HR at a standard workload of 250 W and 
power output at 4 mM La (the onset of blood lactate accumula-
tion, OBLA). The first parameter (HR) helped assess changes 
in the cardiovascular system, and the second one was used to 
evaluate the changes in power at OBLA. 

A maximal 2-km ERG test was performed on the Concept II 
rowing ergometer before and 2 weeks after AC (not concurrently 
with the graded exercise test). Time was recorded. A standard 

15-min warm-up preceded the test. Blood lactate was measured 
after the test.

The first test in the B-team was completed two days before 
the first training stage, the second one two days before the sec-
ond training stage, and the final one seven days after the third 
AC. Аll athletes were tested in the same laboratory at an altitude 
of 130 m above sea level. The standard battery of tests included 
anthropometric measurements and assessments of the strength, 
force-velocity, and power output characteristics of the subjects. 
Apart from that, the athletes performed two graded exercise 
tests to determine ventilation anaerobic thresholds (VentAnT): 
(1) arm work – on a ski ergometer (Concept II SkiErg) and (2) 
running with ski poles on a standard treadmill. The order and 
duration of the tests administered are presented in Figure 4.

As far as the testing procedure is concerned, a standard 
warm-up on a ski ergometer and stretching exercises preced-
ed the first graded exercise test. The SkiErg test started with 
a 2-minute warm-up phase at 80 W; then the workload increased 
progressively by 15 W every minute. Gas analysis parameters 
were measured continuously with the use of MetaLyzer (Cortex, 
Germany) and displayed on a computer. At 1.5-2 minutes after 
the onset of typical changes in the dynamics of ventilation pa-
rameters (RQ, VE-VCO2, VO2-VCO2, and VE-HR) and HR, which 
evidenced reaching the aerobic-anaerobic transition zone (or 
the end of the isocapnic buffering phase), the test was stopped. 
The athletes then underwent tests which made it possible to de-
termine power output and force-velocity characteristics. 

A 10-15-minute-long active rest period preceded the final 
treadmill test – running with ski poles of comfortable length 

Figure 3. Volumes of endurance and strength exercise in R-team and B-team in first and second training stages
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at increasing speed. The treadmill incline was set at 10%. After 
a 2-minute warm-up at the initial speed of 6 km/h, the speed 
was progressively increased by 0.5 km/h every minute. The load 
was chosen in such a way that the athlete reached the AnT ap-
proximately on the 11th-13th minute of the test. Similarly as in the 
first graded exercise test, the athletes stopped as soon as they 
reached the speed of AnT.

The graded exercise tests (ski ergometer and treadmill) 
provided sufficient data to determine the so-called ventilation 
anaerobic thresholds (VentAnT) using the VE-HR method (Fig. 
5). According to this method, AnT is a point of intersection be-
tween the VE-HR curve and a straight line parallel to a linear 
portion of this curve and passing through a point located 10% 
above the point of AeT (i.e. value of VE at the point of deflec-
tion of the VE-HR curve). However, the shape was not typical 
in 10-15% of the curves. To compensate for random errors, the 
following techniques were used:

Linear and nonlinear sections of the VE-HR curve (Fig. 5) 
were automatically approximated by linear and non-linear func-
tions, respectively.

To verify the location of AeT and AnT points, the follow-
ing graphs were analysed simultaneously: VCO2-VO2 (V-slope 
method), HR-VO2 (Conconi method), and PetCO2-VO2, VE/VO2 
vs. load, and VE/VCO2 vs. load (method of ventilator equiva-
lents). Breath frequency/VO2 vs. load and VE-VO2 graphs were 
automatically plotted for visual analysis. In the course of these 
examinations, the most likely AeT and AnT points were selected.

The graphs were analysed by at least two independent ex-
perts.

To estimate physiological characteristics related to endur-
ance, we used AnT and stroke volume index (SV index) that was 

calculated using the HR value registered at a standard oxygen 
consumption of 40ml/kg/min during the treadmill test.

Absolute assessment of specific preparedness in the prepar-
atory period is impossible in winter endurance sports, because 
it requires specific tests or control competitions so that meas-
urements can be performed in natural snow conditions. There-
fore, to monitor athletes’ specific preparedness in the prepara-
tory period, we used an integral index of specific preparedness 
(ISCI or performance index). The calculation of ISCI was based 
on an assumption that sport-specific athletic capacity is deter-
mined by a set of common physical characteristics. The tests 
which were used in this research provided about 30 parameters 
related to physical fitness. To calculate ISCI, we used only those 
N variables which had a significant positive correlation with 
the athlete’s official rank in the Russian Biathlon Union (RBU). 
Mathematical ISCI is an arithmetic mean of individual physical 
fitness indicators normalised using a Z-scale and expressed as 
a percentage of model characteristics of the Russian national 
team members. The formula for calculating the ISCI index was 
as follows:

where Yi = 100−(Xi − Mi)/SDi*3*100, Yi is the percentage 
relative to model value in i-th test, Xi stands for the percentage 
relative to model value in the i-th test, Mi is the model (refer-
ence) value in the i-th test for Russian biathletes, and SDi is the 
standard deviation of results in the i-th test for Russian biath-
letes.

The athletes’ state throughout the pre-altitude and altitude 
training camps was monitored using biochemical parameters 
including hemoglobin and hematocrit, which reflected changes 
in the oxygen-carrying capacity of the blood at altitude. Blood 
parameters were measured in the morning with an empty stom-
ach 4-6 times during a training camp (blood samples were col-
lected from the finger).

Statistical analyses
All data are presented as mean ± SD or percentage change. 

All samples were tested for normal distribution of indicators 
according to the criteria of asymmetry (As) and excess (Es), as 
well as for equality of dispersion. Based on the results, it was 
decided that means would be used to characterise groups. Dif-
ferences between samples were determined using the Mann-
Whitney-Wilcoxon (MWW) U-test. Statistical significance was 
set at the level of 0.05. All statistical analyses were made in IBM 
STATISTICA version 10.0 (StatSoft Inc, USA). As all athletes in 
the R-team and the B-team used similar training plans and per-
formed nearly the same training load, it was found impossible to 

Figure 4. Order and average duration of standard tests procedures used to measure physiological characteristics and motor abilities of male biathletes 
(B-team) (WU – warm-up, AnT – anaerobic threshold test)`

Figure 5. Determination of aerobic (AeT) and anaerobic (AnT) 
thresholds using VE-HR method
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Figure 6. Dynamics of hemoglobin and hematocrit (mean values) 
during two training stages (B-team) 

assess the significance of differences. Our practical experience 
has shown that if a difference in training volume exceeds 10%, it 
might be considered significant. 

Results
Training loads
The total volume of endurance exercise performed by the 

R-team at SL differed from that performed at AC by only 2% 
(Tab. 2). The B-team performed a considerably greater volume 
of endurance exercise during AC than SLC (12% difference), 
which was primarily due to exercise of low and moderate inten-
sity (+12% in zone 1 and +27% in zone 2) (Tab. 3). The amount 
of high-intensity training was also considerably higher (+35% in 
zone 5) in the B-team. When training at altitude, athletes of the 
R-team performed exercises mostly in the third intensity zone 
(OBLA zone) and excluded high-intensity workouts from their 
training plans (zones 4 and 5). Both teams performed a signifi-
cantly greater volume of strength training at SL (R-team: +79%; 
B-team: +40%). However, the B-team had a less important de-
crease in the volume of strength exercise at AC (39%) than the 
R-team.

Changes in exercise test
Power output at OBLA (4 mmol/l, R-team) and VentAnT 

(B-team) increased considerably. The average value of OBLA in 
the final test on the rowing ergometer in the R-team was 11.4% 
higher than that in the initial test (p < 0.05). Average values of 
VentAnT registered in the final tests in the B-team increased by 
(a) 11.6% (p < 0.05) in the SkiErg test and (b) 6.6% (p < 0.05) in 
the treadmill test compared with initial test results.

Table 2. Training loads (average per week) in R-team during sea level and altitude camps 

Training camp
Endurance 

training 
(km)

Strength 
training 

(min)

 Core 
training 

(min)
Stretching 

(min)
Aerobic 

training in 
zone 1 (km)

Aerobic 
training in 

zone 2 (km)

Aerobic- 
anaerobic 
threshold 

(zone 3, km)

Oxygen 
transportation 
(zone 4, km)

Anaerobic 
training 

(zone 5, km)

Sea level camp  (1st stage) 183 247 28 185 181 0.4 0.2 1.2 0

Altitude camp (2nd stage) 179 153 0 240 176 0.66 2.3 0 0

Delta (%) 2.4 61.1 280.0 -22.9 3.1 -40.0 -91.4 120.0 0.0

Intensity zones were determined as percentages of maximal HR and blood lactate: zone 1 – 70-75% (< 2 mmol/l), zone 2 – 75-85% (2-3.5 mmol/l), zone 3 – 85-90% (3.5-4 mmol/l), zone 
4 – 90-100% (4-6 mmol/l), and zone 5 – HRmax (6-10 mmol/l).

Table 3. Training loads (average per week) in B-team during first and second training stages

Training camp Endurance  
training (h)

Strength 
training 

(h)

 Core 
training 
(sets)

Stretching 
(h)

Aerobic 
training in 
zone 1 (h)

Aerobic 
training in 
zone 2 (h)

Aerobic-
anaerobic 
threshold 
(zone 3, h)

Oxygen 
transportation 

(zone 4, h)

Anaerobic 
training 

(zone 5, h)

1st stage (AС + SLC) 18:37 2:10 19 1:50 12:09 4:22 1:38 0:24 0:03

2nd stage (AС + SLC + AС) 21:15 1:33 11 1:32 13:51 5:58 0:56 0:21 0:05

Delta (%) -12.3 39.7 70.3 20.1 -12.3 -27.0 73.7 15.6 -34.9

AC – altitude camp, SLC – sea level camp. Intensity zones were determined on the basis of HR values corresponding with the following blood lactate concentrations: zone 1 – rest (1.0-1.5 
mmol/l), zone 2 – 1.6-2.5 mmol/l, zone 3 – 2.5-4 mmol/l, zone 4 – 4-6 mmol/l, and zone 5 – 6-10 mmol/l.
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No significant changes were found in indices characteris-
ing the cardiovascular system (stroke volume): there was a 1.7% 
increase in the R-team (p = 0.15) and a 2.8% increase in the 
B-team (p = 0.20).

The index of specific preparedness (2-km race) did not 
change in the R-team during the AC (−0.4%, p > 0.05); how-
ever, the peak lactate concentration in the test increased by 
23% (p < 0.05). Meanwhile, the index of specific preparedness, 
which had a positive correlation with athletic performance in 
the B-team, increased by 7% (p < 0.05), and peak lactate con-
centration rose by 21.8% (p < 0.05) in that group.

We have noticed an obvious difference in the overall dy-
namics of parameters during pre-altitude and altitude training 
in the R-team and the B-team. All changes in the R-team, in-
cluding the growth of the HR stand index, were recorded be-
fore the start of AC, and AC was not characterised by important 
changes in specific physical fitness. In contrast, all significant 
changes in the B-team were registered during altitude training. 

Discussion

The R-team and the B-team applied an identical system of 
calculating the training loads and similar parameters of physi-
cal fitness generally accepted in endurance sports (elite rowing 
and biathlon), which allowed us to analyse the effect of different 
training methods (at altitude and at sea level) on the parameters 
of the athletes’ functional condition. 

The study has shown that the athletes from both teams 
improved their physical fitness during two stages of the pre-
liminary training period (basic physical training and specific 
physical training) and demonstrated a similar increase in most 
specific parameters. The total duration of the preliminary train-
ing period was 4-5 months.

However we have found marked differences in the dynam-
ics of aerobic parameters (OBLA and VentAnT) in the R- and 
B-teams. The most rapid increase in aerobic capacity in the 
R-team was observed after the SL training camp, while in the 
B-team, this occurred after the altitude training. 

Moreover, no improvement was found for the specific row-
ing ergometer test (2-km race) in the R-team during the AC at 
2,280 m. At the same time, B-team athletes demonstrated a sig-
nificant increase in performance after a training period of the 
same duration (43 days). This period consisted of two short ACs 
at 1,100 m (19 and 11 days) with a 13-day-long stay at SL between 
them, when the athletes had rest and participated in competi-
tions (2-3 days). 

It seems interesting to discuss potential reasons for the dif-
ferences. The distribution of training loads in the R-team (Fig. 
3) was consistent. Separate training blocks were characterised 
by progressive growth of aerobic loads during SLC and AC; 
strength and aerobic workouts were spaced out in time. What 
is important is that strength training during the AC was per-
formed according to a light regimen. The B-team athletes dem-
onstrated no increase in aerobic indices registered at the end 
of the SL camp in spite of the large volume and high intensity 
of aerobic training loads during the SL camp. Most probably, 
low results in aerobic tests were caused by a strength training 
block performed just prior to the test. In the second training 
stage (AC), strength training loads were slightly reduced, while 
the volume of aerobic training was increased, which resulted in 
the improvement of endurance parameteIt is evident that the 
R-team and the B-team applied different schemes of hypoxic 
training. B-team athletes participated in three short ACs (11-
19 days), whose total duration was 49 days. Athletes from the 
R-team underwent a single 36-day-long AC. The altitude used 
for ACs was also different. Two ACs in the B-team were held at 
1,100 m, and the third AC was organised according to the “live 
low (1,100 m) – train high (2,800 m)” plan. The athletes per-
formed 5 aerobic training sessions at the altitude of 2,800 m. 
The athletes from the R-team underwent “live high – train high” 
training at the altitude of 2,300 m. 

Previous studies demonstrated that altitude training is an 
effective method for stimulating erythrogenesis and increas-
ing hemoglobin mass [3, 4, 8]. However, in the first stage (SL), 
the R-team performed a large volume of endurance training 
loads, executed a high percentage of intensive exercises in zone 
4, and did a considerably greater volume of strength exercise. 

Table 4. Performance and blood lactate concentration in 2-km race

Pre-altitude test Post-altitude test

Performance 6:49.0 6:50.7

La max (mmol/l) 9.48 11.67

La max: maximum blood lactate concentration.

Table 5. Changes in exercise test results in R-team and B-team 

R-team B-team

Date OBLA 
(Wt) HRstand 2-km race La max Date

VentAnT 
upper body  

(Wt/kg)

VentAnT 
running  
(Wt/kg)

SV index
Performance 

Index
(ISCI)

La max

09/Nov/2015 245 ± 19 174 ± 8 26/Jun/2016 2.75 ± 0.21 3.9 ± 0.19 17.7 ± 1.1

12/Jan/2016 272 ± 15* 168.5 ± 5* 6:49 ± 0:19 9.5 ± 2.1 16/Aug/2016 2.87 ± 0.16 3.89 ± 0.14 17.8 ± 1.2 81.4 ± 5.2 8.6 ± 0.9

03/Mar/2016 273 ± 21* 171 ± 6 6:51 ± 0:15 11.7 ± 1.6* 20/Oct/2016 3.07 ± 0.23 4.16 ± 0.15 18.2 ± 1.8 87.1 ± 5.42 10.5 ± 1.7

Delta 2-3 (%) 11.0* 3.3* 4.4 0.3 0.6

Delta 1-3 (%) 11.4* 1.7 0.4 23.1* 11.6* 6.7* 2.8 7.0* 21.8*

OBLA and VentAnT: power output at Anaerobic Threshold; HRstand and SV index: parameters related to Stroke Volume, La max: peak concentration of lactate at the end of maximal test. 
2-km race in R-team and performance index (ISCI) in B-team: parameters correlating with athletic performance.  
* – p < 0.05 compared with initial test result.
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This training schedule improved their aerobic capacity after SL. 
In the second stage (moderate-altitude training), the athletes 
performed the same total volume of exercise but reduced the 
volume of strength training by 79% and excluded all intensive 
endurance workouts. The coaches expected that physical fitness 
would be improved due to combination of aerobic training in 
zone 3 with the effect of natural hypoxia. However, no increase 
in physical fitness parameters was found. Most probably, the 
coaches had to decrease the intensity of aerobic training due 
to high altitude. The volume of strength exercise was also con-
siderably reduced in order to preserve the total volume of train-
ing loads. As a result, the athletes demonstrated no increase in 
aerobic capacity. 

Most sport specialists [1, 3, 5, 6] believe that traditional “live 
high – train high”, “live high – train low”, or “live high – train 
high – train low” training protocols do not improve the oxida-
tive capacity of the muscles effectively at the altitude of no more 
than 2,000 m. The reason is that the capacity of the muscles 
to consume oxygen at altitude exceeds the capacity of central 
hemodynamics to transport oxygen (in the case of hypoxemia). 
This is a phenomenon of functional redundancy in spite of hy-
pothetically higher oxidative stress, which is an activating factor 
for mitochondrial genes [13].

B-team athletes performed intensive strength exercise and 
a lower volume of aerobic training in the first training stage (the 
first AC lasting 19 days and the following SLC lasting 31days). 
This was organised in order to increase the effectiveness of 
strength training [14]; the greatest part of the training was per-
formed in zone 3. However, that training scheme did not lead to 
significant improvement in functional preparedness.

The second stage consisted of two short training camps at 
moderate altitude (19 and 11 days) and a short recovery period 
between them (13 days). The total volume of endurance training 
load was increased at that stage, and so were portions of train-
ing in zones 1, 2, and 5. The volume of strength training in the 
B-team was reduced, but still remained higher than that in the 
R-team. This training scheme involving moderate hypoxia (30 
days at the altitude of 1,100 m) resulted in significant growth in 
all parameters of athletic preparedness. It is of note that training 
at relatively low altitude (1,100 m) led to a significant elevation 
in hemoglobin and hematocrit at each AC (Fig. 6), which might 
serve as indirect evidence of hemoglobin mass growth. How-
ever, some specialists contend that moderate altitude (1,100 m) 
and short exposure to hypoxia (11-19 days) is not sufficient for 
considerable stimulation of erythropoiesis [15]. 

Thus, we believe that the improvement of B-team ath-
letes’ preparedness was equally likely due to: (a) a remote ef-
fect of strength training performed at the pre-altitude stage 
that sometimes exerted potential effect on aerobic capacity 
and usually improved athletic performance [16]; (b) an optimal 
ratio between strength and aerobic workouts during the ACs; 
(c) a higher intensity of aerobic work at the end of the specific 
preparation period, which usually has a positive effect on sport-
specific physical preparedness [17]; (d) an improvement in the 
oxygen transport function of the blood, which is considered to 
be the main and the most common positive effect of moderate-
altitude training [18]. 

Conclusion

Monitoring of elite athletes’ training in the preparatory pe-
riod showed positive changes in physical preparedness in both 
groups. We found that those positive changes might not be re-
lated to an additional effect of natural hypoxia. Our study has 

shown that rational and well balanced planning according to 
training goals is the key factor in the improvement of general 
and specific athletic preparedness. In other words, in spite of 
considerable evidence of a positive effect of training under natu-
ral or artificial hypoxia on crucial physiological functions, the 
improvement of athletic performance to a large extent depends 
on the knowledge and experience of coaches and the ability of 
athletes to estimate their state and adjust training loads accord-
ing to their condition. 
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