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The influence of short-term high altitude training  

on inflammatory and prooxidative-antioxidative indices  

in alpine ski athletes 

by 

Elegańczyk-Kot H.1, Nowak A.2, Karolkiewicz J.2, Laurentowska M.2, Pospieszna B.2, 

Domaszewska K.2, Kryściak J.2, Michalak E.2 

Exposure of alpine skiing athletes, while training, at altitude hypoxia and low ambient temperature can modify the 

response of the immune system and increase reactive oxygen and nitrogen species (RONS) generation. The aim of this 

study was to evaluate the impact of six day training model “live low – train high” on selected indicators of immune and 

antioxidant-prooxidant balance of alpine skiing competitors. The study was performed in 7 men, alpine skiers, who 

underwent 6-day training at Kaunertal glacier (3160 m). Before departure to glacier training, and after returning to sea 

level participants underwent series of tests. Somatic characteristics, anaerobic exercise capacity, blood morphological 

parameters and concentrations of interleukin 6 (IL-6), C-reactive protein (hsCRP), thyroid stimulating hormone 

(TSH), thiobarbituric acid reactive substances (TBARS), total antioxidant status (TAS), total iron (Fe) and total iron 

binding capacity (TIBC) were assessed. High altitude training has led to a significant increase in anaerobic capacity 

(p<0.05) and serum concentrations of IL-6 and hsCRP (p<0.05). A negative correlation among the difference in iron 

(Fe) concentration between two study terms and the change of hsCRP levels was also found p<0.05). Alpine training 

conditions led to a slight increase in immunological indices concentration in studied skiers. However, it did not cause 

any significant change in prooxidant-antioxidant balance, which could be related to earlier anaerobic training 

adaptation. 
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Introduction 

Long-lasting exposure to altitude hypoxia and 

low ambient temperature is the specificity of 

alpine skiing. Both of these environmental factors 

alter the immune response (Facco et al., 2005, 

Hartmann et al., 2000, Castellani et al., 2002, 

Walsh and Whitham, 2006). Upper respiratory  
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tract infections are common in elite cross-country 

skiers (Facco et al., 2005).  In exercising men, 

during cold exposure, changes in pro-

inflammatory cytokine expression are often 

observed (Castellani et al., 2002). 

High altitude hypoxia may stimulate 

expression of the inflammatory cytokines 

independently from ambient temperature. This 

kind of response to low oxygen concentration has 

been evolved as a physiological mechanism 

detecting tissue injury and improving tissue 

repair (Hartmann et al., 2000). 

Performing physical exercise at high altitude 

enhances the immune response by increasing 

energy substrates demand and inducing 

significant myocytes damage under hypoxia 

conditions (Hagobian et al., 2006, Magalhães et al., 

2005, Walsh, Whitham, 2006). Muscle damage in 

professional athletes during high-altitude training 

is not only due to the increased oxygen deficit, but 

also the result of a rapid increase in training 

intensity or volume (Cazzola et al., 2003). 

It is generally admitted that a single bout of 

hypoxia can be responsible for an increase in 

reactive oxygen and nitrogen species (RONS) 

generation leading to higher oxidative stress 

values resulting in the increase of biological tissue 

oxidation (Pialoux et al., 2009). The available 

information suggests that RONS are involved, 

and may even play a causative role, in the high 

altitude pulmonary edema (HAPE) and high  

altitude cerebral edema (HACE) (Bailey et al., 

2001). 

 

Various environmental factors such as cold 

temperature and high altitude can affect 

performance in winter sports athletes. The best 

acclimatization practices can help them in better 

preparation for training and competitions 

(Chapman et al., 2010). In Alpine skiing 

competitors, due to the specifics of this discipline, 

a high level of both aerobic and anaerobic 

capacity is essential (Bacharach and Duvillard, 

1995). “Live low - train high” training model is 

used by the athletes to acclimatize for competing 

at high altitudes (Vogt, 2010). However, physical 

and physiological effects accompanying hypoxic 

conditions may have no beneficial effects on 

muscles or  performance. There are no clear 

recommendations necessary to achieve sport 

success for athletes competing at high altitudes 

(Chapman et al., 2010). 

Thus, better understanding of the impact 

caused by the environmental factors on certain 

metabolic processes and the stress response can 

lead to better preparation for training and 

competitive conditions. Therefore, the objective of 

this study was to assess the impact of the six day 

training model “live low – train high” on selected 

indicators of immune and antioxidant-prooxidant 

balance in alpine skiers. 

Material and methods 

The study was performed on seven men aged 

from 20 to 29 years (23 ± 3.6 years, 75.2 ± 5.93 kg, 

180 ± 4.30 cm), practicing alpine skiing. Training 

experience averaged 7 ± 2.1 years (from 5 to 11  
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years). Skiers were subjected to 6-day training at 

Kaunertal glacier (3160 m). The study was 

conducted during the specific preparation phase. 

Before departure to the glacier, the athletes 

performed general conditioning three times a 

week. Subjects arrived to altitude 1300 m in the 

afternoon (about 6 pm) and the next day, in the 

morning (at 8 am), they started the 6-day training 

program. During the training period, the athletes 

rode every day from 1300 m to about 3000 m 

altitude above sea level, where they stayed for 7 

hours. The total period of high intensity interval 

physical exercise was 4 hours per day and about 3 

hours they spent on arrangement for the training, 

rest and final activity after the training (fig. 1). 

Daily training consisted of skiing through slalom 

and giant slalom gates. Athletes were skiing 30-40 

gates long slaloms within 40-45 seconds. The 

exercise was repeated 16 times. During the glacier 

training, the air temperature ranged from -4 to 

 -7 ° C.  

The day before departure to glacier training 

(about 34 hours before arriving to the altitude 

1300 m) and after returning to sea level (about 48 

hours after leaving 1300 m altitude) participants 

were subjected to anthropometric measurements, 

anaerobic fitness evaluation and assessment of 

venous blood samples for biochemical analyses.  

Anaerobic capacity assessment was 

conducted using the 30 s Wingate Anaerobic Test 

(Bar-Or, 1987). The test was performed on a 

Monark cycloergometer (Sweden). The workload  

 

 

(mechanically set pedaling force) calculation was 

based on the following formula:  

Workload = 0.075 x body weight (kg).  

Blood samples for biochemical analyses were 

taken from basilic vein after an overnight fast 

(between 8 and 9 a.m.) The levels of 

morphological indices were determined in whole 

blood using the hematology analyzer (Coulter 

MD2, Sysmed Lab, USA). In the serum samples 

were assessed both total iron concentration with 

the colorimetric method (Emapol, Poland) and the 

value of total iron binding capacity (TIBC) using 

the method described by Persijn et al. (1971). The 

transferrin saturation (Tfs) was calculated using 

the formula: Fe/TIBC x 100%. The concentrations 

of thyroid stimulating hormone (TSH) and 

interleukin 6 (IL-6) were measured with a 

commercially available enzyme-linked 

immunoassays ELISA (Human, Germany and 

R&D Systems, USA kits, respectively). 

Total antioxidant status (TAS) was measured 

in blood plasma samples with a commercially 

available assay (Randox Laboratories Ltd., 

Crumlin, Co. Antrim, UK); C-reactive protein 

(hsCRP) concentrations were determined with a 

high sensitive nephelometer method (Dade 

Behring, Germany); thiobarbituric acid reactive 

substances (TBARS) concentrations were assessed 

using a spectrophotometric method with 

chromogen extraction with n-butanol, described 

by Buege and Aust (1991). 

Capability of physical training participation 

of all subjects was confirmed by medical doctors  
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in written form. All participants gave written, 

informed consent to the training program. The 

protocol of the study was approved by the local 

Ethics Committee (Medical University in Poznan). 

Statistical analyses were performed with 

Statistica 8.0 software package. All data are 

expressed as mean, standard deviation (SD), 

median, maximum and minimum values. The 

normality of the data distribution was verified 

with Shapiro-Wilk test. The differences between 

paired variables were measured with Wilcoxon 

test. Spearman's rank analysis was used to 

calculate correlation coefficients. P value <0.05 

was considered significant. 

Results 

Table 1 presents basic statistics of 

morphological and biochemical indices of blood, 

as well as the anaerobic peak power and relative 

peak power values measured before the glacier 

training, and after returning to sea level.  

Comparative analysis of biochemical indices 

of blood obtained in both studied terms showed a 

significant increase in levels of hsCRP and IL-6 

(p<0.05). There were no significant changes in 

TSH, TAS and TBARS concentrations. Although 

there was no significant change in the 

morphological indices after returning to sea level, 

in six athletes an increase in total iron 

concentration, the rate of its binding (TIBC), and 

the degree of transferrin saturation (Tfs) occurred. 

In one athlete, however, these indicators declined. 

The values of peak anaerobic power and relative  

 

peak power increased significantly (p<0.05) over 

the research period. Difference between two studied 

terms in iron (Fe) concentrations negatively 

correlated with changing concentrations of hsCRP (r = 

-0.84, p = 0.0190). There was a positive correlation (r = 

0.96 p = 0.0005) between the change in iron 

concentration (Fe) and total capacity of its binding 

(TIBC). 

Discussion  

In the presented study, after the glacier 

training, there was a slight, statistically 

significant, increase in concentrations of 

proinflammatory indicators: C-reactive protein 

and IL-6 (p<0.05). Hartmann et al. (2000) showed 

that exposure to high altitude, even at rest, 

induces an inflammatory response and suggested 

that proinflammatory cytokines (mainly IL-6) 

released in hypoxia may contribute to the 

pulmonary edema development. Hartmann et al. 

(2000) noted a significant increase in IL-6 level (up 

to 2 pg/ml) already on the second day of stay at 

3500 meters altitude and a similar increase in 

mentioned cytokine on the fifth day at 4500 m 

above the sea level. The increased C-reactive 

protein concentration was observed after the 3rd 

and 4th day of stay at these heights (3.5 – 5.8 

g/ml). After a week spent at sea level the 

concentration of these indicators decreased to the 

initial level. In the presented research, in studied 

skiers a smaller increase of IL-6 and hsCRP was 

noticed. It could be related to a lower altitude 

(3000 m) at which athletes trained comparing to 

Hartman et al. (2000) studies and that the  
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concentration of these cytokines was measured 48 

hrs after returning to sea level altitude. Hagobian 

et al. (2006) have also observed elevated plasma 

IL-6 and CRP concentrations following exercise at 

high altitude (4300 m), but those changes were 

most significant at the beginning of the training 

camp. In contrary, Klausen et al. (1997) observed  

 

an increase in IL-6 concentration on the fourth 

day of stay at 4350 m altitude, yet there was no 

change in C-reactive protein concentration. 

According to these authors, increased level of IL-6 

had no connection with the inflammatory process, 

but probably served to stimulate erythropoiesis. 

 

            
Table 1 

 Descriptive statistics of morphological parameters and blood concentrations of biochemical indices  

in skiers before and after the return from glacier training 

 

Parameter 
  

Pre-training 
x  ± SD (Me; min-max) 
  

Post-training 
x  ± SD (Me; min-max) 

 

 
p value

WBC [10x3/�l] 5.2 ± 1.00 (5.4; 3.7-7.0) 5.8 ± 1.88 (4.9; 3.7-8.4) 0.3454 

Lymphocyte [%] 31.3 ± 7.17 (33.5; 19.8-39.6) 25.6 ± 8.16 (21.6; 17.6-39.0) 0.0630 

RBC [10x6/�l] 5.4 ± 0.27 (5.4; 5.0-5.8) 5.3 ± 0.28 (5.3; 5.1-5.9)  0.3980 

Hb [mmol/l] 10.2 ± 0.56 (10.1; 9.5-11.1) 10.2 ± 0.68 (10.2; 9.6-11.6) 0.6750 

Hct [%] 46.5 ± 2.68 (46.0; 43.4-51.2) 46.5 ± 3.08 (46.0; 44.3-53.0) 0.9326 

Fe [�g/dl] 91.7 ± 37.49 (85.0; 59.0-169.0) 119.6 ±23.61 (115.0; 90.0-155.0) 0.1763 

TIBC [�g/dl] 366.9 ± 103.51 (361.0; 262.0-570.0) 426.3 ± 50.95 (451.0; 341.0-480.0) 0.1763 

Tfs [%] 24.4 ± 2.79 (23.3; 21.9-29.6) 28.0 ± 3.82 (28.9; 22.5-32.6) 0.1563 

TSH [mIU/l] 2.7 ± 2.39 (1.8; 0.1-7.1) 1.9 ± 1.02 (2.2; 0.1-3.1) 0.2945 

TAS [mmol/l] 1.7 ± 0.27 (1.7; 1.4-2.1) 1.5 ± 0.32 (1.5; 0.94-1.8) 0.3105 

TBARS [µmol/l] 3.3 ± 1.02 (3.6; 1.1-4.2) 4.0 ± 0.96 (3.9; 2.5-5.4) 0.1763 

IL-6 [pg/ml] 0.57 ± 0.386 (0.52; 0.27-1.4) 0.76 ± 0.384 (0.66; 0.46-1.6) 0.0280*

hsCRP [mg/l] 0.56 ± 0.462 (0.45; 0.16-1.46) 1.40 ± 1.290 (0.91; 0.31-3.9) 0.0180*

Anaer. Peak Pow. [W] 734.9 ± 94.79 (763.0; 560.0- 838.0) 778.1 ±108.18 (797.0; 567.0-901.0) 0.0425*

Relative Peak Pow.[W/kg] 9.7 ± 0.71 (9.8; 8.8 – 10.5) 10.4 ± 0.92 (10.6; 9.0 – 11.4) 0.0313*

Overall work [kJ] 16.7 ± 2.83 (17.6; 12.6 – 19.3) 17.9 ± 2.40 (17.9; 13.8 – 20.7) 0.1094 

 

* p <0.05 - statistically significant difference between terms of the study, WBC-white blood cells,  

RBC - red blood cells, Hb - hemoglobin, Hct – hematocrit, TIBC - total iron binding capacity,  

Tfs - transferrin saturation, TSH - thyroid stimulating hormone, TAS - total antioxidant system,  

TBARS - thiobarbituric acid reactive substances, hsCRP - high sensitivity C-reactive protein 
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Figure 1 

 

 Scheme of the daily training program during the stay at 3000 m above sea level 
 
 
 
 

In a long-term study at high altitude in 

Antarctica (from 2077 m to 3032 m), Otani and 

Kusagaya (2003) found an increase in IL-6 and 

CRP levels, while the changes in CRP levels were 

very slight. They concluded that the inflammation 

was not associated with changes in IL-6. These 

authors indicated psychological stress and other 

factors as related to IL-6 levels. However there 

was no correlation between changes in IL-6 and 

erythropoietin level.  In this study, similarly to 

Otani and Kusagaya (2003), the correlation 

between IL-6 and hsCRP concentrations was not 

observed and this may underline the existence of 

different mechanism of both immunological 

indices changes.  

The immune system boost in high altitude 

conditions may be caused by the increased 

secretion of thyroid hormones. A significant 

contribution of thyroid hormones in the 

erythropoietin expression in hypoxic conditions 

(Ma et al. 2004) was revealed.  Basu et al. (1995) 

recorded a decrease in the concentration of 

thyroid stimulating hormone (TSH) and increased 

levels of thyroid hormones (total T3, free T4, free 

T3) in people staying at altitudes above 5000 m. 

According to this author, it indicates a subtle 

degree of tissue hyperthyroidism which may play 

an important role in overcoming the extreme cold 

and hypoxic environment of high altitude. 

Though at lower altitudes (3750 m), the changes 

in TSH concentration were not noted. Alike with 

the results of this study. Thyroid hormones affect 

the immune system by increasing the proliferation 

and lymphocytes secretion (Kruger, 1996). In this 

study, the tendency to decrease the amount of 

lymphocytes was found, yet statistical 

significance did not occur. 

Under reduced oxygen availability, the body 

is exposed to greater risk of oxidative stress 

(Bakonyi, Radak 2004). Human studies indicate 

that high altitude associated hypoxia causes 

oxidative damage to lipids, proteins and DNA  
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(Moller et al., 2001, Magalhães et al., 2005, Joanny 

et al., 2001). On the other hand, the induction of 

RONS concentration changes during exercise is an 

important process ensuring the proper 

functioning of the cell, its growth, proliferation 

and remodeling (Ji et al., 2008). Exercise induced 

regulation of DNA binding of transcription 

factors, sensitive to cell oxidation-reduction 

environment changes, may determine main 

adaptive response conditioning the survival 

under adverse external conditions (Vasilaki et al., 

2006). 

It should also be noted that when training 

intensity or volume exceeds the organisms’ 

adaptive capacity, the recovery system becomes 

inefficient. At the same time, increased synthesis 

of RONS and inflammatory mediators may lead 

to transition from the controlled body defense to 

an uncontrolled tissue damage process (Margonis 

et al., 2007). Although, up to date, there is no 

standardized method of monitoring the training 

loads on the basis of prooxidant-antioxidant 

balance markers changes, some authors suggest 

that differences in TBARS and TAS levels may be 

useful in detecting overload in athletes, especially 

in skeletal muscles (Margonis et al., 2007). TBARS 

are formed during free radical damage in lipid 

membranes of skeletal muscle and red blood cells, 

while the initiating defense in oxidative stress 

conditions may lead to the TAS level differences. 

Results obtained in this study did not show 

significant changes in plasma antioxidant status 

(TAS) and TBARS levels after the training period  

 

in alpine skiers. The development of higher 

concentrations of RONS immediately after 

athletes’ returning from training carried out in 

hypoxic conditions at about 3000 m above sea 

level to a resting place with greater oxygen 

availability (1300 m) can not be excluded. It is 

probable that completed subsequent reperfusions 

could activate RONS synthesis, which were a 

stimulus causing a physiological response 

(insignificant post-training increase in plasma 

TBARS concentration). Striving for cell metabolic 

balance restoration resulted in the post-training 

adaptation, which was evidenced by the increase 

in skiers’ anaerobic capacity, evaluated by the 

Wingate test, after training conducted in high 

mountains. However, improved performance 

during the test in athletes could be the effect of 

changes in oxidative energy production. 

According to Beneke et al. (2002), the aerobic 

component in metabolic profile of the Wingate 

test is about 20 %. 

Inflammatory response to hypoxia is one of 

the mechanisms, in which iron metabolism is 

involved. IL-6 is the primary mediator for the up-

regulation of liver hepcidin activity – the key 

regulator of iron metabolism (Kemna et al., 2008).  

In hypoxia, hepcidin regulates the availability of 

iron for erythropoiesis (Vyoral and Petrák 2005). 

Adequate altitude (minimum 2100-2500 m) and 

duration of the stay are important factors for 

achieving significant increase in red blood cell 

mass (Pottgieser et al., 2009). 
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In this study, probably due to a short period of 

stay at high altitude, there was no significant 

change in the quantity of erythrocytes and 

hemoglobin. However, there was a tendency 

towards changes in iron concentration and its 

binding ability. It should be emphasized that this 

trend was noticed in six athletes, thus a small 

number of subjects probably affected the lack of 

statistical significance. Although, it is difficult to 

determine whether changes in serum iron level 

were associated with the mechanism leading to an 

increase in erythropoiesis (in the later stage),  

or with other existing mechanisms, such as  

a change in prooxidant-antioxidant balance 

occurring as a metabolic response to exercise 

(Nagata et al., 2007 ). 

The increase in TIBC and transferrin 

saturation levels could play a protective role 

against prooxidative (toxic) iron-catalyzed 

reactions. In the presented research however, the 

relationship between serum iron, TIBC and Tfs  

 

 

with prooxidant-antioxidant indicators was not 

noted, but a negative correlation between the 

increase in iron concentration and the value of 

change in hsCRP concentration was found after 

the stay in the mountains. The resulting 

correlation can therefore indicate the participation 

of proinflammatory factors in the distribution of 

iron in the body, which was confirmed in other 

studies (Feelders, 1998). 

Conclusion 

In conclusion, after a short training period at 

high altitude, there was a subtle increase in 

immunological indices and at the same time, no 

changes in prooxidative-antioxidant parameters 

in alpine skiers. Six-days high altitude training 

did not cause dramatic effects in homeostasis of 

athletes practicing disciplines with a high 

anaerobic component but was efficient in 

improving performance. However, the small 

number of athletes was the limiting factor of this 

study.  
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