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Abstract

Background: In altitude training for elite athletes, altitudes below 1700 m are generally known to have low physiological stimulation
and training effects. Therefore, the purpose of this study is to investigate the effect of live high train high (LHTH) altitude training at an
altitude of 1600 m on athletic performance, complete blood count (CBC), and erythropoietin (EPO) in cross-country skiers. Methods:
In this study, South Korean Six male cross-country skiers participated. Exercise performance, CBC, and EPO were measured 3 days
before altitude training and 4 days after the end of altitude training. The training program in this study was the LHTH altitude training
method, and the polarized (POL) training program was applied. For exercise performance analysis the Bruce protocol was applied using
a treadmill and gas analyzer. Blood variables CBC (red blood cell; RBC, white blood cell; WBC, hemoglobin; Hb, hematocrit; Hct,
platelets) and EPO were measured at rest and immediately after exercise. Results: The effect of 3 weeks of LHTH altitude training on
male cross-country skiers was as follows. There were no differences in body weight, muscle mass, body fat mass, or body fat percentage
(p > 0.05). Although maximal oxygen uptake (VO2max) increased (p < 0.05), there was no significant difference in exercise time and
maximum heart rate (HRmax) (p > 0.05). The heart rate measured at 2 minutes after the end of exercise decreased rapidly (p < 0.05).
At rest, RBC, Hb, and Hct were increased (p < 0.001), but there was no significant difference between WBC and platelets (p > 0.05).
Immediately after exercise, there was no significant difference in RBC and Hb (p > 0.05), but WBC (p < 0.001), platelets (p < 0.01),
and Hct (p < 0.05) were significantly decreased. EPO was significantly decreased after training compared to before altitude training
at rest and immediately after exercise (p < 0.001). Conclusions: The results of this study suggested that 3 weeks of LHTH training at
an altitude of 1600 m could stimulate RBC, Hb, and Hct. Also, improved VO2max and recovery capacity along with increases in RBC
and Hb mean that LHTH training at an altitude of 1600 m could induce a positive effect on physiological and performance changes in
male cross-country skiers. We did not have a control group, and we do admit some limitations, including height adjustment, length of
altitude training, and training program (intensity and volume). Nevertheless, LHTH training at an altitude of 1600 m can be a desirable
intervention program when planning short-term altitude training for technical and physiological improvement in male cross-country
skiers. In addition, it is suggested that exercise and living at high altitude stimulate blood variables and cardiopulmonary function, which
will have a positive effect on exercise performance and health promotion not only for athletes but also for men in general.
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1. Introduction
Cross-country skiing is the most complex endurance

sport, as it competes with both upper and lower body equip-
ment in a cold environment, relatively high altitude, and
hilly terrain [1,2]. World-class cross-country skiers who
secured the second position at the Winter Olympics and
Nordic World Championships are reported to be superior to
national-level athletes in terms of maximum oxygen uptake
(VO2max), VO2 plateau time, anaerobic power, and upper-
body power [3–6]. In particular, aerobic capacity, such as
VO2max and VO2 plateau time, are physiological factors
that should be developed first in the performance of cross-
country skiers. As the main training methods for improving
aerobic capacity, endurance training, interval training, and

lactate tolerance training, along with high-altitude training,
are also being used [7–9]. Altitude training refers to training
or living at an altitude of≥1500 m. The purpose of altitude
training for endurance athletes, such as cross-country ski-
ing and marathon athletes, is to induce a physiological re-
sponse in the human body to adapt to an altitude hypoxic en-
vironment, thereby inducing blood variables (red blood cell
volume [RBC], hemoglobin mass [Hb]) that affects oxygen
transport. This is because, through the improvement of Hb
and erythropoietin (EPO), aerobic exercise performance,
such as the increase in VO2max, exercise efficiency, and
lactate tolerance, can be improved [10–12]. In addition, as
the frequency of Winter Olympics held at altitudes of 1000
m or higher has increased over the past 20–30 years, alti-
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tude training is essential [8]. Altitude training is divided
into three types, according to the method of stay and train-
ing. Live High-Train Low (LHTL) is the traditional method
of living at high altitudes and training at low altitudes. Live
Low-Train High (LLTH) is to live at low altitudes and train
at high altitudes, and the Live High-Train High (LHTH)
method is a combination of living and training at high al-
titudes [13–19].

Cross-country skiers use the LHTH method for three
reasons: First, to prepare for important events such as the
Winter Olympics andWorld Championships held at high al-
titudes, high-altitude adaptation training is essential. Sec-
ond, by maximizing the physiological benefits of exposure
to hypoxia at high altitudes, competitiveness in competi-
tions held at sea level can be expected. Third, cross-country
skiers need to increase their annual ski training time in the
snow; however, due to the influence of the weather, the
seasons and places where ski training can be conducted are
limited. Low temperatures at altitudes have the advantage
of enabling ski training in the snow earlier than in winter,
thereby increasing the training rate for technical skills and
physiological specificity [6,20,21].

In LHTH training, it is very important to set an ap-
propriate altitude and period because the higher the alti-
tude, the greater the negative physiological burden, whereas
the lower the altitude, the lesser physiological stimulation.
In general, 3–4 weeks are recommended for a settingseti-
tudeaining period. This is because changes in blood vari-
ables start 2 weeks after starting altitude training, increase
significantly between 3 and 4 weeks, and then reach a
plateau after 4 weeks [22–25]. Although the optimal al-
titude for altitude training is 1500–3000 m, training at an
altitude of 2000–3000m is the most effective because phys-
iological stimulation is insufficient at an altitude of less
than 1700 m [26–28]. When perfor ming altitude training,
the higher the altitude, the higher the rate of muscle injury
caused by the cold. In addition, negative effects such as
upper respiratory infection, immune suppression, sleep dis-
turbance, and weight loss due to maladaptation to high alti-
tude which can reduce exercise ability should not be over-
looked [11,29,30]. In particular, cross-country skiers per-
form altitude training mainly in autumn and winter and are
exposed to cold environments [6,31]. Altitude training for
cross-country skiers can improve ski training and physiol-
ogy, but it is necessary to consider the relatively low altitude
that can prevent the negative effect of cold.

Therefore, the purpose of this study is to investigate
the effect of live high train high (LHTH) altitude training
at an altitude of 1600 m on athletic performance, complete
blood count (CBC), and erythropoietin (EPO) in cross-
country skiers.

2. Materials and Methods
Six male cross country ski (XC) skiers over the age of

20 (21± 1.67) from South Korea participated in this study.

The six players included two national team players and four
reserve national players. The training location was S Resort
in Canada. The physical characteristics of the participants
are presented in Table 1.

2.1 Design and Procedures
To analyze the effect of short-term altitude training on

exercise performance, CBC, and erythropoietin, measure-
ments were taken 3 days before altitude training and 4 days
after the end of altitude training. This study was conducted
for three weeks using the LHTH altitude training method.
The base (village) elevation was 1609 m, and the ski train-
ing was performed at an elevation of approximately 1609–
1915 m.

The altitude training program was planned by mixing
the POL training program by Kim with Choi (2020) and the
ski training program at the altitude by Choi (2018) [32,33].
The altitude training applied a polarized (POL) training pro-
gram most commonly used by world-class cross-country
skiers. The POL training program is a training method
that combines high-intensity interval training (approx. 12–
15%) and a lot of exercise at low intensity (approx. 70–80%
of the total amount of exercise). In addition, maintaining
the same training intensity at sea level as training intensity
can cause overtraining and immune suppression in athletes,
so the amount of high-intensity training was reduced and
applied at sea level [9,32,34–37]. The total amount of exer-
cise performed in this study was as follows: low-intensity
training (LIT), 75.19%; medium-intensity training (MIT),
2.32%; high-intensity training (HIT), 6.2%; strength train-
ing, 11.62%; and running, 4.65% (Table 2).

2.2 Exercise Performance Test
Exercise performance was measured 3 days before the

altitude field training and 4 days after the end of training in
consideration of the travel time from the altitude camp to
the laboratory. The Bruce protocol was applied for the ex-
ercise load test using a treadmill and gas analyzer (COMED
Quark CPET, Italy). After starting at 1.7 mph at 10% of
the initial incline, every 3 min, the incline was increased to
2%, and the speed was increased from 0.8 to 0.9 mph so that
the treadmill speed could not be maintained, and the maxi-
mum heart rate was more than 90% of the target heart rate
(THR). The respiratory exchange rate was 1.15 or more, the
movement awareness was≥17, and it was set as the all-out
time [23,38–40]. Recovery ability was measured after sit-
ting and resting for 2 min from the end of the submaximal
exercise, and heart rate was measured [32,35,41–43].

2.3 Blood Collection and Analysis
The test subjects fasted for more than 10 h from the

measurement time, and blood was collected. After the sub-
ject arrived at the test site and rested for at least 30 min, the
nurse collected 3 mL of blood at rest and immediately after
exercise, appropriate for the purpose and procedure of the
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Table 1. Physical characteristics of participants (Mean Values ± SD).
Age (yr) High (cm) Body mass (kg) Muscle mass (kg) Body fat mass (kg) Body fat percentage (%)

n = 6 21 ± 1.67 173.33 ± 9.17 66.30 ± 3.50 34.21 ± 3.50 6.48 ± 2.08 9.73 ± 2.79

Table 2. Training program.
Day AM training PM training

Mon

Event Ski training (skate) Ski training (classic)

Time 100 min
40–40–30 min

(5 min (ex)/3 min (re) × 5 set)
Intensity LIT LIT-HIT-LIT

Tue

Event Ski training (classic) Ski training (skate) + Weight training
Time 120 min Ski 60 min (LIT) + W/T 60 min

Intensity LIT
80% (1 RM) × 8rd × 3 set

recovery time 90 sec

Wed
Event Ski training (skate)

RESTTime 150 min
Intensity LIT

Thu
Event Ski training (classic) Ski training (skate)
Time 100 min 30–30–30 min

Intensity LIT LIT-MIT-LIT

Fri

Event Ski training (skate) Weight Training + Core Training

Time
40–40–30 minute

90 min(5 min (ex)/3 min (re) × 5 set)

Intensity LIT-HIT-LIT
80% (1 RM) × 8rd × 3 set

recovery time 90 sec

Sat
Event Ski training (classic+skate)

RESTTime 180 min
Intensity LIT

Sun
Event

Rest
RUN

Time 60 min
Intensity LIT

Intensity Low intensity Middle intensity High intensity Weight training Other sports Total
%HRmax 60–82% 82–87% 88–100%
Exercise Time (minute) 970 min 30 min 80 min 150 min 60 min 1290 min
Training as a % Total volume 75.19% 2.32% 6.2% 11.62% 4.65% 100%
Section (1 week) 7 1 2 2 1 11

Weight event
65% (1 RM) × 15 rd × 3 set, Recovery time 90 sec
Bench press (put legs on the bench, not on the floor) & Pull-down
Triceps Pull Downs, DeadliftRowing/arm-pull while sitting & Arm-press with dumbbells using
incline bench, Legs: Squats & hamstring curl, single-leg squat, side squat

Core training
Exercise 5 set, Recovery 30 sec
Supine plank, prone plank, side plank, side plank-leg motions statically, spine in a neutral
position, Swiss ball training (inclined press-ups, the top position, the single-leg holds,
quadruped motions)

analysis. The collected blood was centrifuged (FLETAS,
Korea) at 5000 rpm for 10 min and then analyzed.

CBC (RBC, WBC, Hb, Hct, platelet) and erythro-
poietin were diagnosed using flow cytometry, serum sam-
ples, and refrigerated storage. Reagents were analyzed
with SYSMEX-XE2100D (SYSMEX, JAPAN) using the
cell pack, cell sheath, stromatolyser-FB, and Sulforlyser kit
[33].

2.4 Statistical Analyses
We used SPSS software (v.25.0; IBM SPSS, New

York, USA) to calculate the mean value and standard de-
viation (SD) for all data. The verification of exercise per-
formance, CBC, and erythropoietin before and after altitude
training in the same group was analyzed using the paired t-
test. Statistical significance was set at p < 0.05.
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Table 3. Change in body composition (Mean Values ± SD).
Variable Pre test Post test p

Body mass (kg) 66.30 ± 3.50 65.86 ± 7.06 0.380
Body muscle mass (kg) 34.21 ± 3.50 34.11 ± 3.72 0.604
Body fat mass (kg) 6.48 ± 2.08 6.41 ± 2.10 0.530
Body fat percentage (%) 9.73 ± 2.79 9.71 ± 2.70 0.920
SD, standard deviation.

3. Results
3.1 Changes in Body Composition

Table 3 shows the changes in body composition when
living at 1600 m and training atana altitude for 3 weeks.
There was no significant difference in body mass before
(66.30 ± 3.50 kg) and after altitude training (65.86 ± 7.06
kg) (p> 0.05). There was no significant difference in body
muscle mass before (34.21 ± 3.50 kg) and after (34.11 ±
3.72 kg) altitude training (p > 0.05). There was no signif-
icant difference in body fat mass before (6.48 ± 2.08 kg)
and after high-altitude training (6.41± 2.10 kg) (p> 0.05).
There was no significant difference in body fat percentage
before (9.73± 2.79%) and after (9.71± 2.70%) high-level
training (p > 0.05).

3.2 Changes in Exercise Performance
Table 4 shows the changes in exercise performance

when living at 1600 m and training at altitude for a week.
VO2max showed a statistically significant difference before
(77.41 ± 4.95 mL·kg−1 min−1) and after (78.33 ± 4.36
mL·kg−1 min−1) altitude training (p < 0.05). There was
no significant difference in exercise time before (1135.16±
50.79 sec) and after (1137.16± 48.47 sec) altitude training
(p > 0.05). In addition, there was no significant difference
in HRmax before (198.00 ± 16.09 bpm) and after (198.50
± 14.52 bpm) altitude training (p > 0.05). The heart rate
recovery time immediately after exercise was significantly
lower after altitude training (117.83 ± 13.05 bpm) as com-
pared to before altitude training (136.16 ± 11.25 bpm) (p
< 0.05).

3.3 Changes in CBC and EPO
Table 5 shows the changes in CBC and EPO when liv-

ing at 1600 m and training at an altitude for a week.
RBC at rest was significantly increased afte (4.94 ±

0.32 g/dL) altitude training than before (4.94 ± 0.32 g/dL)
altitude trainin (p< 0.001), and immediately after exercise,
there was no significant difference between before (15.11±
0.71 g/dL) training and after (5.25 ± 0.34 g/dL) training (p
> 0.05).

At rest, Hb was significantly increased after (15.73 ±
0.37 g/dL) altitude training than before (15.11± 0.71 g/dL)
altitude training (p < 0.001), and there was no significant
difference after exercise before (16.11± 0.77 g/dL) and af-
ter (16.18 ± 0.57 g/dL) altitude training (p > 0.05).

At rest, Hct was significantly increased after (47.43

± 0.94 g/dL) altitude training than before (45.70 ± 1.73
g/dL) altitude training (p < 0.001), and immediately after
exercise, it was significantly decreased after (49.66 ± 1.30
g/dL) altitude training than before (51.18 ± 2.32 g/dL) al-
titude training (p < 0.05). At rest, there was no signifi-
cant difference in WBC before (4.93 ± 0.36 g/dL) and af-
ter (5.05 ± 0.71 g/dL) altitude training (p > 0.05), but im-
mediately after exercise, it was significantly decreased af-
ter (7.16 ± 1.01 g/dL) altitude training than before (9.17
± 0.74 g/dL) altitude training (p < 0.001). There was no
significant difference in platelets at rest before (264.00 ±
24.29 g/dL) and after (258.00 ± 27.59 g/dL) altitude train-
ing (p > 0.05), but immediately after exercise, it was sig-
nificantly decreased after altitude (279.33 ± 10.48 g/dL)
training than before (304.83 ± 28.31 g/dL) altitude train-
ing (p < 0.01). EPO at rest was significantly decreased af-
ter (10.32 ± 10.78 mIU/mL) altitude training than before
(12.82± 10.80 mIU/mL) altitude training (p< 0.001), and
even immediately after exercise was significantly decreased
after (10.70 ± 11.41 mIU/mL) altitude training than before
(14.21 ± 10.48 mIU/mL) altitude training (p < 0.001).

4. Discussion
4.1 Exercise Performance

Body composition and cardiorespiratory function af-
fect the health and exercise performance of adult men, in-
cluding endurance athletes. It is desirable to maintain a
low body fat percentage and a large amount of muscle mass
[44,45]. In general, the VO2max is used as an index to eval-
uate the cardiorespiratory function, and has been widely
used for a long time as a standard to evaluate aerobic ca-
pacity or cardiorespiratory endurance [46]. Body compo-
sition and VO2max are closely correlated with the train-
ing method, training intensity, and training volume. Meth-
ods to improve VO2max include altitude training, a lot of
low-intensity exercises, and high-intensity exercise [47,48].
Continuous high-intensity training, too much training vol-
ume, and too high a training altitude can have a negative ef-
fect on athletes, leading to loss of muscle mass and weight
[11,49]. On the other hand, low-intensity exercise and vol-
ume can lead to a decline in cardiorespiratory function in
male athletes. Cardiopulmonary function decline primarily
reduces energy consumption, and surplus energy is accumu-
lated as triglycerides in muscle and adipose tissue, increas-
ing body fat in subcutaneous and visceral fat. Among them,
it is known that the accumulation of triglycerides in skeletal
muscle acts as a direct cause of the decrease in insulin func-
tion in skeletal muscle [50]. In our study, there was little
change in body composition of male cross-country skiers,
and the improvement in VO2max can be judged to be ap-
propriate for training altitude, training volume, and training
intensity. Therefore, it is suggested that training and liv-
ing at an altitude of 1600 m can have a positive effect on
the improvement of men’s health including cardiorespira-
tory function.
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Table 4. Change in exercise performance (Mean Values ± SD).
Variable Pre test Post test p

VO2max (mL kg–1 min–1) 77.41 ± 4.95 78.33 ± 4.36 0.021*
Exercise time (second) 1135.16 ± 50.79 1137.16 ± 48.47 0.749
HRmax (heart rate maximum) (beats/min) 198.00 ± 16.09 198.50 ± 14.52 0.580
RHR (Rest heart rate) (beats/min) 136.16 ± 11.25 117.83 ± 13.05 0.011*
SD, standard deviation. *p < 0.05 pre test vs. post test. RHR; 2 minutes after the end of the
exercise.

Table 5. Change in CBC and erythropoietin. (Mean Values ± SD).
Variable Pre test Post test p

RBC (g/dL)
Rest 4.94 ± 0.32 5.14 ± 0.26 0.001***

After exercise 5.27 ± 0.39 5.25 ± 0.34 0.881

Hb (g/dL)
Rest 15.11 ± 0.71 15.73 ± 0.37 0.001***

After exercise 16.11 ± 0.77 16.18 ± 0.57 0.713

Hct (g/dL)
Rest 45.70 ± 1.73 47.43 ± 0.94 0.001***

After exercise 51.18 ± 2.32 49.66 ± 1.30 0.021*

WBC (g/dL)
Rest 4.93 ± 0.36 5.05 ± 0.71 0.634

After exercise 9.17 ± 0.74 7.16 ± 1.01 0.001***

Platelet (g/dL)
Rest 264.00 ± 24.29 258.00 ± 27.59 0.365

After exercise 304.83 ± 28.31 279.33 ± 10.48 0.009**

EPO (mIU/mL)
Rest 12.82 ± 10.80 10.32 ± 10.78 0.001***

After exercise 14.21 ± 10.48 10.70 ± 11.41 0.001***
SD, standard deviation.
*p < 0.05 pre test vs. post test, **p < 0.01 pre test vs. post test, ***p < 0.001 pre test
vs. post test.

In the treadmill test, maximum exercise time was used
to measure the speed and performance of athletes. It is also
a good method for monitoring physiological factors such
as VO2max, anaerobic threshold, maximum heart rate, av-
erage heart rate, blood lactate concentration, and recovery
ability [39,51]. Endurance athletes, such as those who par-
ticipate in marathons and cross-country skiing events, will
be able to win competitions if they can run faster than their
competitors, even if physiological factors such as VO2max,
HRmax, average heart rate, and blood lactate concentration
are not superior to their competitors. Most studies have re-
ported that altitude training increases blood variables, such
as RBC and Hb, and that an increase in VO2max leads to
improved performance at sea level; however, in the case
of well-trained elite athletes, many studies have reported
that there is no significant change [20,28,52,53]. Although
VO2max, RBC, and Hb also increased in our study, the dif-
ference in training specificity was considered as the reason
for no change in the maximum exercise time on a tread-
mill [54,55]. During the general training period before al-
titude training, a lot of running, roller-skiing, and strength
training is performed; however, in altitude training, mostly
skiing and skill training are performed. Therefore, it was
confirmed that the treadmill exercise time did not increase
because the movements of the muscles and joints that are
mainly used are different.

It has been reported that HRmax and resting heart
rate are highly correlated with age, sex, and physical fit-
ness level. During exercise, VO2max and HRmax form
a proportional relationship. The slope of this straight line
changes with your level of physical training or fitness.
A person with good physical strength can carry the same
amount of oxygen at a lower heart rate than a person with
low physical strength [41–43,47]. Athletes with superior
cardiorespiratory function show higher maximum oxygen
intake and lower heart rate at the same load intensity [56–
59]. Due to the negative effect of altitude, exercise ability
may decrease when returning to low ground, and VO2max
may increase at the same intensity. This is because, as the
altitude increases, the oxygen intake and the HRmax de-
crease are common physiological phenomena, and side ef-
fects such as an increase in blood viscosity, decrease in pro-
tein synthesis ability and increase in oxidative stress occur
[60,61]. In this study, changes in VO2max, exercise time,
and HRmax measured at the same load intensity before and
after altitude training was hardly observed. Therefore, there
were no negative factors for the deterioration of athletic
ability or physical condition due to altitude training.

Cross-country skiers utilize primarily aerobic energy
metabolism on flat terrain. However, as the slope increases,
the athlete’s heart rate rises to its maximum level, which re-
quires strong anaerobic power. To win the race, it is very
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important to quickly recover the increased heart rate and
lactic acid on the uphill slope and the flat ground [28,62,63].
Also, quick physiological recovery is important in team
sprint competitions in which two skiers run the sprint course
three times in relay format [9,41]. In general, a common
method for assessing the recovery capacity of cross-country
skiers is heart rate monitoring. It is evaluated as the rate
at which the heart rate decreases from the maximum heart
rate level [64]. The results of our study also confirmed that
the heart rate recovered quickly. As mentioned above, it is
thought that blood variables and VO2max, which were im-
proved through altitude training, induced the rapid recov-
ery of heart rate. Therefore, it is expected that the heart rate
monitoring recovery evaluation method and altitude train-
ing will be helpful not only for cross-country skiers but also
for cardiopulmonary health of general adult men.

4.2 Changes in CBC and EPO

The human body increases the production of EPO in
the kidneys to adapt to the low partial pressure and hypoxic
environment at high altitudes, and RBC and Hb, which play
a role in binding and transporting oxygen, also increase.
On the other hand, inadequate training at altitude, insuffi-
cient iron stores in the body, and the presence of infection
can negatively affect hematological parameters [65,66]. It
is known that EPO and Hb increase together with altitude
training, but there are also reports that the correlation be-
tween EPO andHbmassmay be inconsistent due to individ-
ual variability [67–69]. Existing studies also reported that
EPO, RBC, Hb, and Hct all increased with altitude training,
and conflicting research results reported that EPO increased
but RBC, Hb, and Hct did not change. The conflicting re-
sults in high-altitude training are due to differences in train-
ing altitude, training duration, and stay method [70,71]. In
addition, it should be taken into account that EPO, which
increases due to exposure to hypoxia at high altitudes, re-
mains elevated for 24–48 hours after sea level return, and
then decreases sharply after 72 hours, returning to normal
levels before training [72,73]. In this study, RBC, Hb, and
Hct increased due to altitude training, but the slight decrease
in EPOwas judged to be due to blood sampling and individ-
ual differences 92 hours after reaching sea level. Therefore,
although EPO decreased slightly, RBC and Hb increased,
suggesting that LHTH training at 1600 m may be recom-
mended for male cross-country skiers.

It has been reported that RBC and Hb are highly corre-
lated with improvement in exercise performance, including
VO2max [18,69]. High RBC and Hb are more likely due
to a genetic predisposition rather than endurance training
but are somewhat increased by altitude training [74,75]. In-
tense athletic training can lead to low levels of hemoglobin,
which can lead to maladaptation. Athletes need to avoid
low levels of Hb during strenuous athletic training [74]. At
rest, Hct can be increased with altitude training. The phys-
iological mechanism that decreases immediately after en-

durance training and high-intensity training is because the
lower the Hct, the lower the blood viscosity, which can im-
prove blood flow and help oxygen transport [76–79]. In
this study, it was observed that RBC, Hb, and Hct were
increased at rest, and Hct decreased immediately after the
high-intensity treadmill test. Therefore, it can be concluded
that LHTH training for 3 weeks at an altitude of 1600 m has
a positive effect on the physiological stimulation of male
cross-country skiers.

Exercise-induced leukocytosis refers to an increase in
WBC immediately after exercise. Although there have been
previous studies that the number of WBC decreased as a re-
sult of LHTH training, it is generally reported that the acti-
vation of white blood cells is increased by excessive exer-
cise and high-intensity training rather than the effect of al-
titude [80–82]. Platelets play an important role in blood co-
agulation and hemostasis and living at altitude and vigorous
exercise can increase the number of platelets, and excessive
increase in the number of platelets can increase bleeding
tendency or cause thromboembolism [83,84]. Conversely,
acute high-altitude exposure may decrease platelets but re-
turn to normal with a compensatory effect after short-term
adaptation [85,86]. Also, there is a study result that regu-
lar exercise of elite endurance athletes inhibits platelet ad-
hesion and aggregation, and that the platelet count can de-
crease after vigorous exercise [87–89]. In this study, there
was no difference in WBC and platelets at rest with alti-
tude training, and the decrease immediately after exercise
suggests that LHTH training at 1600 m for 3 weeks did not
have a negative physiological effect on male cross-country
skiers.

Combining our study, it was confirmed that RBC and
Hb, which are factors that have an important influence on
oxygen transport and cardiorespiratory health level, can be
stimulated at a relatively low altitude of 1600 m. Therefore,
it is thought that high-altitude training and living will have
a positive effect on men’s health promotion by improving
the function of blood factors related to oxygen use.

5. Conclusions
The results of this study suggested that 3 weeks of

LHTH training at an altitude of 1600 m could stimulate
RBC, Hb, and Hct. Also, improved VO2max and recov-
ery capacity along with increases in RBC and Hb mean that
LHTH training at an altitude of 1600 m could induce a pos-
itive effect on physiological and performance changes in
male cross-country skiers. We did not have a control group,
and we do admit some limitations, including height adjust-
ment, length of altitude training, and training program (in-
tensity and volume). Nevertheless, LHTH training at an
altitude of 1600 m can be a desirable intervention program
when planning short-term altitude training for technical and
physiological improvement in male cross-country skiers. In
addition, it is suggested that exercise and living at high al-
titude stimulate blood variables and cardiopulmonary func-
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tion, which will have a positive effect on exercise perfor-
mance and health promotion not only for athletes but also
for men in general.

6. Future Perspectives
For cross-country skiers, the higher the altitude, the

better for training and physiological stimulation. Compared
to previous LHTL studies, the implications of this study
are that it was conducted at a lower altitude than typical
altitude training. In this study, the effect of 3 weeks of
LHTH training at 1600 m on hematology and exercise per-
formance was confirmed. This means that even at 1600
m it can cause hypoxia. We acknowledge some research
limitations that must be considered for data interpretation,
and furthermore, practical recommendations should be lim-
ited to cross-country skiers and coaches. In particular, this
study had a limitation in that there was no control group
and only male athletes were targeted. Future studies will re-
quire more detailed studies of training altitude setting, train-
ing duration, training intensity, and training method using a
large number of subjects and control groups. Nevertheless,
what can suggest LHTH training at 1600 m to male cross-
country skiers is that training at relatively low altitudes can
experience similar performance benefits to training at high
altitudes.
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