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Abstract
Introduction: Physical work performed at high intensity in short intervals can lead to a failure in cold protection if it is not possible to reduce or add clothing depending on the level of physical work intensity.
Objectives and Methods: The effects of additional cold protection during the rest periods of high intensity (70% of maximal oxygen uptake) interval exercise were studied in cold environment.

The subjects were 8 voluntary healthy young men. The subjects were wearing the Finnish military winter clothing (M91, thermal insulation about 2 clo) and webbing (12 kg). They walked on treadmill (6 km/h, slope 5-6 ○) in cold environment (-15 ○C, air velocity 3 m/s). Each exercise and rest period lasted for 15 min and the total duration of the protocol was 105 min. The rest periods were spent either in the same environment and clothing as during exercise or with an additional long overgarment and protection against wind (air velocity 0.2 m/s, -15 ○C). Data are given as mean ± SE.

Results: During the rest periods spent with additional cold protection mean skin temperature decreased 2.5 ○C less than without the additional cold protection (p< 0.01). Deep body temperature was not significantly affected by the additional cold protection. At the end of the last exercise period oxygen uptake was not significantly different in the two conditions (35.2 ± 1.6 ml/min/kg with additional cold protection and 34.1 ± 2.1 ml/min/kg without additional cold protection), and heart rate was comparable (174 ± 5 beats/min and 175 ± 4 beats/min, respectively). After the last exercise period anaerobic performance (static jump height 36 ± 2 cm) and perceived exertion (Borg scale 15) were similar in both protocols.

Conclusions: Spending the rest periods of high intensity interval exercise in wind shelter with additional long overgarment did not improve physical performance in the conditions used in present study. Possibly longer duration of the exercise/rest protocol would have revealed effects of the additional cold protection.
1.0
Introduction
Cold environment reduces physical work capacity and increases the relative loading of physical tasks. In cold, maximal muscular force is reduced (Bergh1980) and fatigue develops sooner during dynamic muscular work (Rintamäki 1991). Interval exercise in cold is especially demanding because the need for thermal protection varies largely between the exercise and rest periods. Excessive accumulation of sweat in clothing during the active phases can lead to insufficient thermal protection during the passive phases. Long pauses between the active phases can lead to reduced muscular temperature decreasing muscular work capacity, and later even hypothermia can follow. In the present study our aim was to find out if increased thermal protection during the rest periods of interval exercise in cold environment can improve the physical work capacity.
2.0
subjects and methods

The subjects were 8 voluntary healthy young men. Their basic characteristics are shown in Table 1. Before entering the study their physical work capacity was determined by measuring the maximal oxygen uptake on treadmill. The exercise protocol included 4 work periods and 3 rest periods. Each exercise and rest period lasted for 15 min and the duration of the whole protocol was 105 min. During the exercise periods the subjects were walking on treadmill (6km/h) and the slope was individually adjusted between 5 and 6 degrees so that the oxygen consumption was about 75 % of the individual’s maximal oxygen uptake. They were wearing Finnish military winter clothing (M91, thermal insulation about 2 clo) and webbing (12 kg). The exercise was performed in cold environment (-15 ○C, air velocity 3.0 m/s). The rest periods were spent sitting either in the same conditions as during exercise (COLD rest) or at -15 ○C, air velocity 0.2 m/s and with additional long overgarment (WARM rest). During rest periods the subjects were allowed to drink 1 dl water.
Skin and deep body temperature (rectal temperature, probe inserted 10 cm) were measured continuously (YSI 400-series thermistors Yellow Springs, USA and Squirrel 1200, Grant, UK). Heart rate was registered (Sport Tester, Polar Electro, Finland) during the whole protocol. Oxygen consumption was measured for five minutes during the last exercise period (Medikro 901, Medikro Oy, Finland). The amount of ingested fluid was measured. The subjects were weighted (Mettler ID1) without clothing before and after the protocol. The amount of sweating was calculated as the reduction in weight during the protocol added by fluid intake and reduced with metabolic weight loss. Clothing was weighted before and immediately after the exercise protocol and the accumulation of sweat in clothing was calculated as the increase in its weight. Data are given as mean ± SE. Paired T-test was used to compare the two protocols. The study was approved by the Ethics Committee of the Institute of Occupational Health.
Table 1: Basic characteristics of study subjects
	Subject
	Age

 (years)
	Height 

(cm)
	Weight

 (kg)
	Body Mass

Index
	VO2max

(ml/min/kg)

	1
	21
	183
	75
	22.4
	64

	2
	21
	181
	74
	22.6
	57

	3
	21
	180
	75
	23.1
	54

	4
	21
	182
	78
	23.5
	40

	5
	22
	177
	70
	22.3
	47

	6
	23
	180
	71
	21.9
	53

	7
	21
	166
	61
	22.1
	55

	8
	22
	186
	81
	23.4
	38

	Mean

SE
	22

1
	179

1
	73

6
	22.7

0.6
	51

9


3.0
REsults

Deep body temperature was not affected by the thermal conditions during the rest periods (Figure 1). The rest periods in wind shelter with additional long overgarment (WARM rest) increased the mean skin temperature 2.5 ◦C as compared to the rest periods spent in wind without additional clothing (COLD rest) (Figure 2). This effect of WARM rest on skin temperature was maintained also during the exercise phases so that mean skin temperature remained about 1 ◦C higher after the WARM rest (Figure 3.). This effect of the thermal conditions during the rest periods increased with repeated exercise/rest cycles because the recovery was less complete during COLD rest.

In spite of the large changes in skin temperatures the physical performance was not significantly affected by the thermal conditions of the rest periods. Oxygen consumption measured at the end of each exercise period remained between 34 and 36 ml/min ∙ kg in both conditions. The average heart rate was almost equal in both conditions as shown in Figure 4. Anaerobic performance measured as the jumping height was not significantly affected by the thermal conditions during the rest periods. Before the exercise protocol the jumping height was 35 ± 2 cm in both conditions and after the last exercise period it was 36  ± 2 cm in both conditions. Also the averaged EMG measured from the greatest muscle groups in lower limbs did not show any significant difference between the thermal conditions. However, in both conditions the exercise/rest periods increased significantly the circulating leukocyte concentration, decreased plasma and blood volume and decreased blood glucose level. The COLD rest produced higher leukocytosis suggesting higher cold stress, and also the blood glucose showed a trend to decrease more during the COLD rest. Naturally, the COLD rest produced higher thermal sensations of cold making the resting periods more uncomfortable. During the study protocol the weight of the subjects decreased (the amount of ingested fluid taken into account) 629 ± 117 g during the COLD rest, and 713 ± 61 g during the WARM rest. The difference in the amount of sweating was not significant between the two conditions.
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Figure 1: Average deep body temperature (rectal temperature) during interval exercise (n=8). Rest periods spent with additional cold protection (WARM rest) = thick line; without additional cold protection (COLD rest) = thin line.

4.0
discussion

The clothing that is used during physical work in cold environment is necessarily a compromise between thermal protection and sufficient body cooling. In ideal conditions the exercising subject is able to adjust the amount of clothing and the pace of work so that thermal balance is maintained. However, during military exercise the conditions of the operation determine whether the soldier’s cold protection is suitable, excessive or insufficient. The soldier’s options for active adjustment of the thermal insulation of clothing are often very limited during the active phase of operation. In the present paper we studied if two simple improvements in cold protection during interval exercise can increase physical performance. 
Our subjects were walking on treadmill (6km/h) so that the oxygen consumption was about 75 % of the individual’s maximal oxygen uptake. The exercise was performed in intervals so that each exercise and rest period lasted for 15 min (total duration 105 min). In the COLD rest protocol the exercise and rest periods were spent in the same thermal conditions (-15 ○C, air velocity 3.0 m/s). In the WARM rest protocol the subjects were wearing an additional long overgarment and were in wind shelter during the rest periods, while the exercise periods were performed in the same conditions as in the COLD rest protocol.
In our study the additional cold protection during the rest periods did not significantly influence on deep body temperature, oxygen consumption, muscular loading and fatigue, anaerobic performance, relative perceived exertion, amount of sweating or heart rate during the study protocol. However, skin temperatures were higher and cold sensations lower due to the additional cold protection.
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Figure 2: Average mean skin temperature during interval exercise (n=8). Symbols as in Figure 1.


In a longer interval exercise  or with longer pauses between the exercise periods, the potential benefits of additional cold protection during the rest periods possibly could manifest: less energy is needed for maintaining the thermal balance, risk of frost bites is reduced due to higher skin temperatures, manual dexterity is improved due to higher hand temperatures, muscular performance is better in warm muscles and mental stress is lower due to reduced cold sensations. The potential negative effects of improved cold protection during the rest periods are related to increased sweating, which increases the risk of hypovolemia that is followed by reduced physical performance and increased peripheral cooling. Accumulation of sweat in clothing compromises the thermal isolation of clothing.
In conclusion, improved cold protection during the rest periods of interval exercise in cold environment has both potentially positive and negative effects on soldiers’ performance. The number of possible combinations of exercise intensity, thermal conditions, pause durations and methods of cold protection is so great that it not possible to study them all. It seems to us that future research should concentrate on finding out some basic thumb rules by which the soldier can avoid the severest negative effects of cold environment during operations.
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Figure 3: Average increase in mean skin temperature during interval exercise due to additional cold protection  during the rest periods (n=8).
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Figure 4: Average heart rate during interval exercise (n=8). Symbols as in Figure 1.
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