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Abstract
Introduction: Conflict in Afghanistan (endurance freedom mission) is characterised by numerous short and intense battles in mountain environment. Mountain exercise is complex and associate environmental conditions (temperature, altitude), risk exposure (like falling rocks), intense physical exercise, relative sleep deprivation and stress. For these reasons, mountain exercise represents a good training field before a war mission. But in these conditions, it could be difficult to maintain physical and mental performance. Evaluation of energy expenditure is one way of research to avoid a fall of performance.

Some methods are used to evaluate energy expenditure: indirect calorimetry by expired gas measurement or by doubly-labeled water. Indirect calorimetry by expired gas measurements needs some calibration, is limited in time (few hours) and is more adapted for athletic test. Doubly water measurement is appropriate to evaluate global energy expenditure for exercise between 4 and 10 days. Between 4 hours and 4 days, these methods could not be used to evaluate energy expenditure. The only one method allowing estimation of total daily energy expenditure during thirty hours of sequential physical activities for a group of subjects in field condition is the heart rate recording.
Objective: The purpose of our study was to estimate total energy expenditure of a military section engaged in a short winter alpine climbing mission lasting thirty hours in the Mont Blanc Mountain.

Methodology: We also estimated energy expenditure corresponding to different activities of the mission using the heart rate monitoring. Energy intake during the climbing mission was controlled.

Results: The duration of the military training session was around thirty hours. Total daily energy expenditure was evaluated at 43.57 ± 1.23 MJ.day-1 (for total energy expenditure around 48.73 ± 2.12 MJ). Energy intake during the training military sessions was measured at 14.78 ± 0.69 MJ. Analysis of each activity showed that daily energy expenditure of sleep and sedentary activities were the least expensive for energy cost. Energy for mountaineering activities showed that cross country skiing was the most expensive compared to other mountaineering activities (alpine climbing, downhill climbing and downhill skiing).

Discussion, conclusion: This study strengthens the high level of energy expenditure reached during a short and strenuous mountain training mission. This rate of energy expenditure was higher than the level reached by american soldiers during a winter week exercise at moderate altitude as described by Hoyt et al. [1]. Investigation of metabolic and hormonal responses during such extreme exercise would provide some supporting information to back up the energy cost and the importance to advice adequate nutrition in this condition of exercise to maintain and optimize performance.
1. Introduction, background:

Conflict in Afghanistan (endurance freedom mission) is characterised by numerous short and intense battles in mountain environment. French army develops a concept of continuous and short operation (three to five days in autonomy). This new type of mission is characterized by hard environmental conditions (moderate altitude: between 1000 and 3500 meters, cold temperature in winter), physiological and psychological stress (strenuous exercise, stress of death). Evaluation of energy expenditure is one way of research to avoid a fall of performance during such mission.

Our difficulty was to find a similarly model of a war mission to estimate energy expenditure of such mission:

· The model of the expedition in high altitude:
Energy expenditure during prolonged exercise in high altitude has been studied during expeditions and laboratory experience 
 ADDIN EN.CITE 
[2-5]
. These studies showed that the total daily energy expenditure increased but little. According to studies, daily energy expenditure was estimated between 11.7 to 20.6 MJ.jour-1 
 ADDIN EN.CITE 
[4-8]
. During the experiment EVEREST 3, it was even shown a slight decrease in total daily energy expenditure from 13.6 MJ.jour-1 at sea level to 12.1 MJ.jour-1 at the end of 31 days of hypoxic exposure [5].But to extrapolate these results to a war mission is difficult. During these expeditions or laboratory experiment, hypoxia level is greater, which limits both the duration and intensity of physical activity. In addition, during laboratory experiments subjects are not submitted to psychological stress.

· The model of military training:

Numerous studies have investigated energy expenditure during military training. A review of literature by Tharion et al. [9] have shown that military training in mountains induce a maximal energy expenditure between 14.8 MJ.day-1 to 29.8 MJ.Day-1 using the doubly labeled water method. A recent experience by Kyröläinen et al. [10] found a similarly result of energy expenditure around 29.3 MJ.day-1 using heart rate recording to evaluate energy expenditure, during the hardest phase of military exercise. During this phase (7 days), the subjects walked 20-25 km per day in the forest, carrying their full combat gear of 49.8 ± 4.7 kg. Interest of these experiments is to evaluate soldiers in their environment with their equipments. For studies cited by Tharion et al [9], variability of the results on energy expenditure are related to differences in environmental conditions, volume and intensity of exercise, fitness and gender profile of subjects. In addition during these military training, death stress is probably not present. 
· The model of civilian ultraendurance exercise:
Some studies have focused on energy expenditure during a race ski mountaineering or sports trek at altitude. Zaccaria et al. [11] estimated the energy expenditure of a race ski mountaineering for a period of 7 hours to reach 21 MJ and a ultramarathon over 15 hours to reach 29.3 MJ. Sjödin et al. [12] estimated energy expenditure during a cross country skiing training period at 30.2 MJ.jour-1 with elite endurance athletes. During a raid sport in Australia for a period of 10 days to an altitude of between 850 and 2450 meters, the daily energy expenditure was estimated at 21.7 ± 2.8 MJ.jour-1 [13].

· We suggest an other model: the alpine climbing race

Alpine climbing race is the traditional model of mountaineering in the Alps. This activity takes place either in summer or winter. It is characterized by exercise practiced over a long period (1 to 4 days) at a moderate altitude (between 3000 and 4000 meters). The overall design of a course consists of an alpine climb to reach the refuge on the first day, one night in it and then, the next day climbing to the summit. This model combined a hostile environment (wind, cold temperatures, shorter day-length in winter) and unpredictable risk (avalanche, rockfall or seracs). Most often, mountaineering is practiced in north face, which increases cold exposure. During these courses, the climbers are in autonomy for food and equipment. Many factor such intensity and duration of exercise; exposure to hypoxia and psychological stress can combine to lead to a deterioration of physical and mental capacities increasing the risk accident. There is currently no estimate of energy expenditure of an alpine climbing race in literature
· Methods to evaluate energy expenditure in free living conditions:

In free living conditions there are two gold standard methods to estimate daily total energy expenditure, doubly-labelled water and indirect calorimetry by expired gas measurements [14]. Doubly-labelled water requires a measurement period of 4 to 20 days and cannot discriminate different physical activities in a same exercise. Indirect calorimetry using expired gas measurement with a portable recorder system (/quark K4, Cosmed, Italy) is limited to 4-5 hours of data gathering. 
An alternative method that is feasible for estimation of total daily energy expenditure during ultraendurance activities in field conditions is heart rate recording 
 ADDIN EN.CITE 
[14-16]
. This method allows determination of sequential energy expenditure levels during different mountaineering activities. Heart rate recording presents disadvantages to estimating energy expenditures for a single subject, but it remains a reliable method for a group in field conditions 


[14,17] ADDIN EN.CITE . Heart rate recording error rate is lower than that for accelerometer or questionnaire methods [14]. 
The purpose of our study was to estimate, using the heart rate monitoring method, the total energy expenditure in professional climbers engaged in a winter-season alpine climbing race lasting approximately thirty hours in the Mont Blanc Mountain (france). We additionally estimated energy expenditures corresponding to different activities of the race. The last purpose was to estimate the consequence of such race on anaerobic lower limb performance, mental performance and mood states. 
2. Experimental protocol
Design of the climbing race

Ten male professional climbers (mean age 30.0 ( 0.9 yr) from the French Military Group of High Mountain in Chamonix participated in the experiment. Climbers of this military operational group are physically trained and adapted to moderate altitude due to residence in Chamonix (altitude 1,042 m).
Subjects performed an alpine climbing race in the Mont Blanc mountain (france). The climbing race took place in winter (temperature ranged from – 5°C to +19°C, wind varied from 0 to 10 km.h-1, source: the French National Weather Service). Carrying rucksacks (20.0 ( 2.8 kg), participants reached the “Dent du Requin” summit at 3,422 m, by the north face. The race lasted around 30 hours including 12 hours of rest in the “Requin” hut [18]. In keeping with the International Mountaineering and Climbing Federation (UIAA) scale, the ascent ranked V/VII for risk exposure, and 5/7 in terms of difficulty. During the race, heart rate (polar S810, Polar electro Oy, Kempele, Finland) and the motor activity (Actiwatch® actometer, CNT, UK) of participants were recorded.

Mood state 

Subjective mood state was evaluated using the Profile of Mood States (POMS) before and immediately at the arrival of the climbing race. Questionnaire assesses six specific dimensions (tension, depression, anger, vigor, fatigue and confusion) through rating a series of 65 adjectives. Each adjective was scored from 0 (not at all) to 4 (extremely). 

Mental performance

Mental performance of subjects was evaluated through the reaction time and the number of incongruent / congruent responses during the Stroop test [19]. Individual words were presented with video monitor. These word stimuli consisted of a random presentation of three color names (red, green, or blue) presented in one of these three colors. The words were displayed for 1600 ms with an interstimulus interval of 800 ms (1600 ms on, 800 ms off). Performance was evaluated through the number of good responses (congruent and incongruent) and the time for response (millisecond). The congruent condition is when the word meaning and the stimulus hue correspond (i.e. the word red presented in the color red) and the incongruent condition is when they do not match (i.e. the word red presented in the color blue). 

Physical performance

Performance of lower limbs was evaluated through determination of the maximal power force of quadriceps. It was determined using a Cybex dynanometer (Lumex, Ronkonkoma, N.Y., USA) and subjects performed three maximal isometric voluntary contractions (MVC) of the quadriceps, followed by one other MVC sustained during 90 sec. Each subject was required to perform the protocol with the right quadriceps muscle. The knee angle was 90°. Performance was evaluated through determination of the peak torque (expressed in Newton) and total work (expressed in Newton per second).

3. Results
Anthropometrical characteristics

The mean height of participants was 1.81 ± 0.01m. The mean body weights, body mass index, percent of body mass and lean body mass were (72.37 kg ± 1.64, 22.17 ± 0.37, 10.42 % ± 0.81, 64.64 kg ± 1.49 respectively). The mean VO2max was 55.06 ml/ min.kg-1.

Energy expenditure
The total EE was estimated at 48.73 ( 2.12 MJ, representing an EE at 43.57 ( 1.23 MJ.day-1. Energy deficiency was estimated at 33.53 ( 2.31 MJ.day-1. Analysis of each activity showed that the longest activity is represented by sleep followed by sedentary activity in the hut (7 hours 36 min and 5 hours 20 min respectively). DEE sleep was 6.1 ( 0.4 kJ.min-1 for a total of 2.6 ( 0.2 MJ and DEE sedentary 13.8 ( 0.4 kJ.min-1 for a total of 4.4 ( 0.2 MJ. These activities were the least expensive in terms of energy cost. Energy expenditure for mountaineering activities showed that cross country skiing was the most expensive compared to other mountaineering activities, representing an average of 57.32 ( 2.09 kJ.min-1. Comparison between mountaineering activities showed no statistical significant difference between cross country skiing and alpine climbing, nor between downhill skiing and downhill climbing. Our results showed significant differences between the uphill and downhill activities.
Performance
After the race, fatigue and tension index were significantly increased through the POMS questionnaire (P<0.05 and P < 0.001 respectively). After the race, the mental performance was unaffected through the Stroop test. After the race, physical performance (Work and MVC) of lower limbs was significantly decreased (P<0.01)
4. Perspective / Conclusion

The particularity of an alpine climbing race model is the association of numerous parameters found during actual military mission in Afghanistan (/moderate altitude, cold temperature, autonomy, strenuous exercise and stress of death). Our results show an extreme level of energy expenditure during this ultra-endurance race at moderate altitude under a high degree of difficulty and risk exposure. These results provide comparative data on the energy cost of cross-country skiing and alpine climbing, the main mountaineering activities during a winter climbing race. Investigation of metabolic and hormonal responses during such extreme energy expenditure would provide supporting information to strenghten the energy cost data. Our results affirm the importance of adequate nutrition for soldiers involved in such extreme exercise.
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