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ARCTIC MILITARY CONFERENCE IN COLD WEATHER MEDICINE

Physiological and physical performance changes during a 20-day winter military 
training course and its subsequent 10-day recovery period
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aHuman Performance Division, Finnish Defence Research Agency, Tuusula, Finland; bTraining Division, Defence Command, Helsinki, Finland; 
cDepartment of Leadership and Military Pedagogy, National Defence University, Helsinki, Finland; dNeuromuscular Research Center, Faculty 
of Sport and Health Sciences, University of Jyväskylä, Jyväskylä, Finland

ABSTRACT
The present study investigated physiological, mental and physical performance changes during 
a 20-day winter military training course and the following 10-day recovery period. Fifty-eight (age 
19 ± 1 years, height 182 ± 6 cm, body mass 78.5 ± 7.2 kg) male soldiers volunteered. Body compo
sition, serum biomarker levels and performance tests were measured four times during the study. 
In addition, questionnaires were collected daily for subjective stress and rate of perceived 
exertion. The course induced significant declines in body (−3.9%, p < 0.05) and fat mass 
(−31.6%, p < 0.05) as well as in all assessed physical performance variables (−9.2 - −20.2%, p <  
0.05), testosterone (−73.7%, p < 0.001) and IGF-1 concentrations (−43.6%, p < 0.001). At the same 
time, the sex hormone-binding globulin, creatine kinase, and C-reactive protein values increased 
significantly (46.3–1952.7%, p < 0.05). After the 10-day recovery period, the body composition and 
hormonal values returned to the baseline (p < 0.05), as did some physical performance variables, 
such as 2 min sit-ups and the evacuation test (p < 0.05). However, explosive force production in 
the upper and lower bodies remained unrecovered. The 20-day winter military training caused 
significant physiological and mental stress, as well as a drastic decline in physical performance 
even for highly physically fit soldiers, and the 10-day recovery period did not establish full 
recovery.
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Introduction

Military operations are performed in climatic environ
ments, ranging from very hot (40°C) to extreme cold 
(−40°C) conditions. Extreme temperatures are not nor
mally a barrier to physical activity, but military operative 
duties are often performed wearing ballistic protection, 
which may cause challenges for thermoregulation. 
Today’s battlefield requires soldiers to have appropriate 
strength and anaerobic capacity to fulfil the occupa
tional requirements of high-intensity movements with 
heavy load carriages in various environments [1] [2]. 
Soldiers in arctic environmental operations face even 
higher psychological and physiological stressors; these 
can include drastic energy deficits, sleep restrictions, 
and extreme weather conditions. When operating in 
cold environments these stressors can have an even 
bigger role, due to the weight of cold weather clothing 
and other equipment. Although the soldiers are 
exposed to cold air, a critical decrease in core tempera
ture can be avoided with appropriate winter clothing 
[3]. A downside to this is that the total weight carried is 

increased; every extra kilogram increases energy expen
diture by 3% and every extra layer of clothes increases 
energy expenditure by 4% [4].

Cold environment impact physical performance in sev
eral ways. For example, it causes negative changes in 
cardiovascular function, nerve conduction, and skeletal 
muscle contraction. These changes decrease aerobic, 
anaerobic, and strength/power performance, although 
the impact of cold exposure on physical performance 
has not been studied thoroughly [3]. Hackney et al. [5] 
found that four-day military field training in both hot and 
cold environments had a negative effect on anaerobic 
performance measured by the Wingate-test, although 
cold environments caused larger changes in all measured 
variables, especially when related to body weight. 
Previous studies have also shown changes in hormonal 
biomarkers, such as testosterone, cortisol, IGF-1, SHBG 
during a prolonged military field training [6–8].

Cahill et al. [9] reported that a decline in core tempera
ture decreased the ability to produce maximal force, but, 
on the other hand, slowed down fatigue caused by 
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repeated contraction. Galloway and Maughan [10] stu
died the effect of temperature on aerobic performance 
and found that the best performance was achieved at 
11°C. Higher and lower temperatures resulted a shorter 
time of exhaustion in the bicycle test. A similar drop in 
aerobic performance was observed by Sandsund et al. 
[11] although in their studies the highest time to exhaus
tion was performed at −4°C. The difference in Galloway 
and Maughan [10] and Sandsund et al. [11] studies can be 
at least partly explained by clothing. In the study of 
Galloway and Maughan [10], the subjects wore shorts 
and t-shirts, while in the study of Sandsund et al. [11] 
the subjects wore cross-country skiing clothes, which 
offered an insulating layer against cold weather. Cold 
environments have also been found to lower maximal 
oxygen uptake (VO2max). Oksa [12] reported that oxygen 
consumption was higher in submaximal treadmill running 
in the cold, and VO2max was lower in maximal test.

Limitations to aerobic performance and maximal 
oxygen uptake in the cold can be caused by lower 
core temperature, decreased muscle temperature and 
reduced skin temperature [3]. Also, increased blood 
lactate, lower glucose levels, increased energy expen
diture causing larger energy deficits, and increased 
oxygen consumption with reduced moving economy 
have been reported to limit physical performance in 
the cold [3]. These factors have been shown to 
reduce the maximal heart rate by 10–30 beats, 
when the body temperature is 0.5 to 2.0 degrees 
lower. Thirty to 40% reductions in cardiac output 
and muscle blood flow have also been observed 
after cold-water immersion [3]. This kind of decrease 
in core temperature is not desirable and normal dur
ing cold weather training and operations.

Similar performance reductions in cold tempera
tures have been reported for anaerobic, strength, 
and power performance. Cold affects strength per
formance and the ability to produce power by 
decreased contraction speed and nerve conduction 
velocity, decreased angular speed of the joints, co- 
activation of agonist-antagonist muscle pairs and 
EMG activity, and also by enhanced fatigue [3]. 
Giesbrecht et al. [13] showed that, instead of core 
temperature, local muscle temperature is the driver 
for decreased strength. Oksa et al. [14] found that 
the flight time in rebound jump declined after 60- 
min exposures to 27, 20, 15 and 10°C air. Davies and 
Young [15] studied the effect of cold on the force– 
velocity curve, and found a leftward shift in the 
curve, demonstrating that with any given force out
put the velocity is less during cycling exercises with 
colder muscles. Cold exposure also seems to 

degrade the ability to maintain both static and 
dynamic balance [3].

Collectively, the previous literature shows that phy
sical performances, especially aerobic and anaerobic 
endurance, as well as neuromuscular performance are 
decreased in very cold weather. These findings are 
important considerations for soldiers who are perform
ing strenuous duties in arctic climates. During the pre
sent study, the subjects practiced and applied their 
military and survival skills in arctic environment and 
were exposed to strenuous physical and psychological 
stress. The aim was to investigate physiological changes 
in paratroopers during a 20-day winter military training 
course and the following 10-day recovery period.

Methods and design

The study was conducted during a winter military exer
cise in northern Finland above the Arctic Circle. The 
military field exercise (MFT) consisted of two phases; 
the first phase included basic skills training (skiing, 
shooting, etc.) lasting 10 days in winter conditions, 
while the second phase started with a parajump with 
all their equipment into the arctic wilderness and con
tinued with reconnaissance and other military tasks 
lasting 10 days. At the end of the training course, parti
cipants performed a strenuous 24-hour ski march. 
Physiological and hormonal measurements were per
formed four times (PRE, MID, POST, RECO) during the 
study (Figure 1). In addition, self-assessments for sleep 
duration, subjective demand level, and the rate of per
ceived exertion were collected daily.

The weather data during the exercise was collected 
from the Finnish Meteorological Institute (https://en. 
ilmatieteenlaitos.fi/download-observations) and are 
shown in Table 1 for the beginning of exercise (0–10 
d), the later part of the exercise (11–20 d) and for the 
whole exercise (0–20 d).

Participants

A total of 58 (age 19 ± 1 years, height 182 ± 6 cm, body 
mass 78.5 ± 7.2 kg) male soldiers voluntary participated 
in a 20-day military field training course (MFT). The 
present study was conducted according to the provi
sions of the Declaration of Helsinki and was granted 
approval from the Ethical Committee of the University 
Hospital of Helsinki (HUS/1020/2019). The study was 
given an approval by the Finnish Defence Forces 
(AP12498). All subjects were informed of the experi
mental design, and the benefits and possible risks that 
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could be associated with the study prior to signing an 
informed consent to voluntarily participate in the study.

Anthropometrics

Body composition and serum hormone concentrations 
were measured before the MFT before the most 
demanding part of the MFT, immediately after the 
MFT, and 10 days after the MFT (PRE = day 0; MID 
= day 10; POST = day 20; RECO = day 30). Body com
position was assessed via segmental multifrequency 
bioimpedance analysis (InBody 720/770, Inbody 
Company Ltd, Seoul, South Korea) the morning before 
breakfast. The device measures body composition by 
sending multiple electrical currents through the body. 
These currents are conducted differently through the 
extracellular and intracellular water of the body as 
a function of the current frequency and with these 
result estimates of fat and muscle mass for the trunk 
and each of the four limbs can be produced. McLester 
et al. [16] reported high reliability values for estimation 
of FATM (ICC 0.98, SEM 0.87), FAT% (ICC 0.98, SEM 0.99) 
and SMM (ICC 0.99, SEM 0.84) by this method in males.

Physical performance

The subjects performed a series of physical perfor
mance tests including standing long jump, counter
movement jump, medicine ball throw, weighted chin- 
ups, 2 min repetitive sit-ups, and casualty evacuation 
test three times during the study (Figure 1). The tests 

were performed in the same order at all measurement 
points. A 10-minute supervised warm-up preceded the 
physical tests. In the standing long jump (SLJ), subjects 
were instructed to jump as far as possible for the best 
result on a rubber mat with integrated measuring scale. 
A total of three attempts were allowed, and the best 
jump was taken into analysis. The medicine ball throw 
(MBT) was performed from a seated position with 
shoulders, and the back of the head against a wall 
and legs straight on the ground while throwing. Three 
attempts were also given and the best throw was taken 
into analysis. The countermovement jump (CMJ) was 
performed with a contact mat (Newtest, Oulu, 
Finland). Participants were instructed to keep their 
hands on their waists during the jump, and knees and 
ankles were to be extended during the landing. The 
best of the three jumps was taken into analysis. The 
weighted chin-ups (PU) were performed with a 10 kg 
weight on the waist until exhaustion. The total number 
of repetitions was taken into analysis. In the sit-up (SU) 
test, the participants performed as many repetitions as 
possible in two minutes. An assistant held the subject’s 
ankles during the test, and shoulder plates had to make 
a contact with the ground in the bottom/down posi
tion, and in the top position, elbows were to touch the 
knees. A standardised evacuation test (EVAC) was used 
after all other physical tests. In short, this test measures 
the time to evacuate a 70 kg doll wearing a 10 kg plate 
carrier on a 10 × 20 m course with total work time 
around 40–50 seconds [17].

Serum biomarker levels

Venous blood samples were drawn from the antecu
bital vein after an overnight fast before breakfast four 
times (PRE, MID, POST, and RECO) during the study. 
Samples were centrifuged (Megafire 1.0 R Heraeus, 
DJB Labcare Ltd, Buckinghamshire, UK) at 2000× 
g for 10 min and frozen for a later analysis. 

Figure 1. Study design and measurement points. BC = Body Composition measurements; BL = Blood samples; PP = Physical 
Performance measurements.

Table 1. Weather details during the exercise.
0–10 d 11–20 d 0–20 d

Average snow depth (cm) 92 79 85
Average daily temp (°C) −14.5 −5.2 −9.6
Average daily max temp (°C) −6.5 −0.7 −3.5
Average daily min temp (°C) −22.6 −12.8 −17.5
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Immulite 2000 ×PI immunoanalyzer (Healthcare 
Diagnostics Products Ltd.) was used to analyse corti
sol (COR), testosterone (TES), insulin-like growth fac
tor-1 (IGF-1) and C-reactive protein (CRP) 
concentrations. Indiko Plus chemistry analyser 
(Thermo Fisher Scientific Ltd.) was used to analyse 
creatine kinase (CK). The sensitivity and interassay 
coefficients of variance for these assays were 5.5  
nmol/L and 6.5% for COR, 0.5 nmol/L and 7.8% for 
TES, 2.6 nmol/L and 7.8% for IGF-1, 0.08 µmol/L, 0.1  
mg/L and 7.3% for CRP, and 7 U/l and 7.1% for CK.

Statistics

Statistical analysis were conducted in R v 4.1.2 (R Core 
Team [18]) with packages rstatix (CRAN – Package 
lmerTest (r-project.org)) for ANOVA, and with ggpubr 
(CRAN – Package ggpubr (r-project.org)) for correla
tions. All data were checked quantitatively and 
visually for normality and logarithmic transformation 
were performed for skewed, non-normal variables. 
The data are presented as means with standard devia
tion and confidence intervals (95% CI) when appro
priate. The level of significance was set 95% 
confidence (p < 0.05). Repeated measure analysis of 
variance was performed to inspect dependency 
between measured (logarithmically transformed) test 
result values at different time points. Variances were 

equal (Levene’s test) at different time points (PRE, 
MID, POST, RECO). All data were examined quantita
tively and graphically.

Results

Rates of perceived exertion, sleep time, and NASA-TLX 
questionnaire were used to evaluate daily subjective 
physical strain. As seen in Figure 2, the participants 
rated the last part (the portion between MID and 
POST) of the winter training exercise as quite demand
ing, both physically and mentally. During this time 
period, the average amount of sleep was 4.6 ± 2.2  
hours per night.

Participants’ body mass (PRE 78.5 ± 7.4 kg; MID 
78.2 ± 7.3 kg; POST 75.6 ± 7.1 kg; RECO 78.9 ± 7.3 kg) 
and fat mass (PRE 9.0 ± 2.4 kg; MID 8.0 ± 2.3 kg; POST 
6.2 ± 2.0 kg; RECO 9.2 ± 2.2 kg) declined during the 
field training but recovered to PRE-values after a 10- 
day recovery period (Figure 3). A large mean change 
in fat mass was observed from PRE to POST (2.8 ± 1.5  
kg, p < 0.01).

The 20-day MFT induced a significant decline in all 
measured variables of physical performance. Sit-ups 
(PRE 70.3 ± 11.3; reps/2-min POST 60.1 ± 13.0 reps/ 
2-min; RECO 67.6 ± 11.6 reps/2-min) and evacuation 
test (PRE 49.8 ± 5.6 s; POST 60.4 ± 10.5 s; RECO 51.5 ±  
5.5 s) were close to PRE values after a 10-day 

Figure 2. Subjective rating of perceived exertion (RPE), sleep, mental, and physical demand during the last part of the military 
exercise.
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recovery period, but medicine ball throw (PRE 650 ±  
73 cm; POST 581 ± 70 cm; RECO 591 ± 69 cm), stand
ing long jump (PRE 240 ± 17 cm; POST 211 ± 25 cm; 
RECO 222 ± 17 cm) and counter movement jump (PRE 
40.5 ± 5.3 cm; POST 36.6 ± 5.5 cm; RECO 35.5 ± 4.5 cm) 
did not recover to PRE-values during the 10-day 
recovery period (Figure 4).

There was a significant decline in TES (−72%), and 
IGF-1 (−43%) values and significant increases in SHBG 

(45%), CK (2045%), CRP (2408%) from PRE to POST 
during the winter military exercise. All measured values 
returned to PRE-level after a 10-day recovery period 
(Figure 5).

Discussion

The 20-day strenuous winter military training caused 
significant physiological and mental stress, as well as 

Figure 3. Anthropometric changes during the military exercise. BM=body mass, SMM=skeletal muscle mass, FM=fat mass. * = 
compared to PRE-value, *=p<0.05; # = compared to MID-value, #=p<0.05; § = compared to POST-value, §=p<0.05.

Figure 4. Physical performance changes during the military exercise. MBT=medicine ball throw, SLJ=standing long jump, 
CMJ=counter movement jump. * = compared to PRE-value, *=p<0.05; # = compared to MID-value, #=p<0.05.
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drastic decline in physical performance even for highly 
physically fit soldiers, and the 10-day recovery period 
did not establish full recovery in all measured variables. 
Explosive force production remained unrecovered, 
whereas hormone concentrations and body composi
tion recovered fully. Previously, it has been reported 
that prolonged operational stress leads to decrements 
in physical performance [19,20], and full hormonal 
recovery after a strenuous winter expedition to the 
North Pole [21] occurred after 2 recovery weeks. Also, 
after a 20-day military training in summer conditions, 
4-day recovery period was adequate for the return of 
hormone concentrations to baseline [8]. On the other 
hand, this kind of physiological stress also influences 
the circadian cycles of hormones. Although the hor
mone values may return to baseline quite fast, Opstad 
[22] found that after a short but demanding 5–day 
military training including severe sleep and energy 
deprivation, the circadian rhythm of different hormones 
did not return to baseline within a 5–day recovery 
period. Also, Rognum et al. [23] found that a military 
field exercise with a high energy deficit caused a similar 
significant fat mass loss as in the present study. They 
force-fed half of the soldiers, but it only partially 
decreased tai prevented from fat loss. In a study by 
Frykman et al. [24] during a prolonged (3000 km) 
Greenland expedition, 6000 kcal/day energy intake 
was shown to maintain body composition and physical 
performance. According to this finding, it might be 

possible to maintain performance also during strenuous 
military field training in cold environment with a very 
high energy intake. Altogether, these homoeostatic dis
turbances and their implications for human perfor
mance are important considerations for future studies 
to focus on, especially energy deficit, which causes 
hormone reductions and performance decrements. 
Avoidance of energy deficit in the field to prevent 
such reductions is an important research topic in the 
future. Loss of muscle mass was not observed in the 
present study, but if similar energy deficit would have 
continued, a decrease in muscle mass and even greater 
decrease in performance would have been expected.

In the present study, the decline in physical perfor
mance (Figure 4) in POST measurement point was quite 
drastic in several variables measured. The last part of 
the winter military exercise was very demanding, 
including a 24-hour ski march at the end. The physical 
demands of the exercise had a negative impact, espe
cially on explosive force production in both the upper 
and lower bodies. Standing long jump declined 12.3%, 
counter movement jump 9.6% and medicine ball throw 
10.5%. Even the 10–day recovery period could not 
return these values to PRE-measurement levels. 
Actually, counter movement jump continued to decline 
by 2.5% between the POST and RECO measurements. 
Also, the casualty evacuation test time increased by 
21.2% in POST measurement point, but recovered 
quite close to PRE-value in the RECO test (49.7 ± 5.6 

Figure 5. Biochemical changes during the military exercise. TES=testosterone, COR=cortisol, CK=creatine kinase, SHBG=sex 
hormone binding globulin, IGF-1=insulin like growth factor-1, CRP=c-reactive protein. * = compared to PRE-value, *=p<0.05; # = 
compared to MID-value, #=p<0.05; § = compared to POST-value, §=p<0.05.
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s vs. 51.5 ± 5.5 s). One reason for this might be the 
arduous ski march at the end of the winter military 
training, which might have caused significant muscle 
damage that requires weeks of regeneration [6]. This is 
an important point to consider when planning for 
future studies. On the other hand, sit-ups and push- 
ups recovered quite well in 10 days. Thus, it is possible 
that residual neural fatigue attenuated explosive force 
production, while it did not have similar negative influ
ence in the 2-min repetitive tests.

Following limitations should be acknowledged when 
interpreting the results of the present study. 
Bioimpedance method has been reported to overesti
mate muscle mass and underestimate fat mass and fat 
percentage when compared to dual-energy X-ray 
absorptiometry measurement method [25]. However, 
the reliability of both methods has been equal, which 
is important in longitudinal studies [16]. Thus, changes 
in fluid balance as a result of dehydration may con
found the body composition results, especially for mus
cle mass and fat mass quantification. However, the 
bioimpedance method was the most practical and 
objective body composition assessments method for 
the present study purposes, and the same method has 
been used in several other studies [6,26]. Energy intake 
was not measured, but the changes in body composi
tion, particularly reduction in fat mass provide clear 
indications of an energy deficit that might be corrected 
with enforced food discipline. Previous studies [4,6] 
have shown that getting soldiers to eat enough to 
meet their energy requirements in the field is a very 
challenging problem; most field studies by many coun
tries repeatedly demonstrate that soldiers in the field 
are not eating enough. The present study demon
strated that some of the consequences to physical 
performance induced by several operational stressors 
during a field exercise, including energy deficit. 
Quantification of energy expenditure and intake 
would have provided more information for interpreta
tion of physiological and body composition changes, 
but the programme of the military field training did not 
enable to collect this information.

In conclusion, when planning field training exercises 
or operational missions, it is important to know how 
long it takes the soldiers to recover from exposures to 
different kinds of strains. Even though the body is fully 
recovered in terms of body composition or hormonal 
concentrations, physical performance can still be unrec
overed, especially the nervous system and the capabil
ity of explosive force production, which can have 
negative impact on close combat performance of the 
soldiers. If this type of high operative stress continues 
for a longer period of time, symptoms of overtraining 

and risk of injury may increase and lead to decreased 
readiness of soldiers. Cold environment increases 
decline in strength and power performance and can 
have a greater effect on soldiers’ performance in the 
battlefield. Also, extreme cold can lead to cold weather 
injuries, which can decrease soldier’s performance even 
more. In the present study, no cold weather injuries 
were observed. This was a consequence of proper 
clothing and other equipment, cold weather experi
ence, and sufficient preparation for the field training. 
These observations of prolonged reductions in physical 
performance should be considered when planning 
operational missions and following recovery periods 
and strategies.
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