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Abstract
In contrast to the well known influence of isolated effects of long lasting exercise and sleep deprivation on physical 

performance there are few data on effect of  those factors combined.
Aim of the study was to evaluate the influence of 36 hours of exercise and sleep deprivation on selected physiological 

factors.
Materials and methods. The study was conducted on 11 healthy volunteers at survival camp (age 19±1 (SE) yrs, BMI 

21.5±0.7 kg·m-2, ¦O2max 55±2 ml·kg-1·min-1). Entry measurements were done the day before the trial: posturography, re-
ocardiography in horizontal position and submaximal exercise test (workload increased by 50W every 3 min to 200W). First 
day of the trial started at 6 AM with gymnastics, followed by running and cycling; overnight there was a mountain trekking 
lasting 9 hrs; on the second day there was a military training and cycling. The final measurements took place after dinner 
after 36 hrs without sleep and 24 hrs of exercise of various intensity. Posturography was also performed at 6 AM on the 
second day.

Results. In posturography significant decrease in the sway area with feedback and no changes in maximal sway were 
recorded. In the final measurements there were significantly lower heart rates at all submaximal workloads (p<0.001) and 
lower rates of perceived exertion on Borg`s scale at 50 and 100W (p<0.05). In reocardiography there were no significant 
changes, but a tendency for an increased stroke volume in the final measurement.

Conclusion. In young men participating in the study one sleepless night combined with the long lasting exercise caused 
decrease in heart rate during submaximal exercise, which can be a result of adaptation to adrenergic stimulation.
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In a last few years there is an increasing popularity 
of extreme sports. They can be divided into two groups. 
First involves activities of short duration, associated 
with a decision after which the following consequences 
are irreversible – like a parachute or bungee jump, and 
it does not require endurance training. Second are the 
long lasting, multidiscipline events, which require a re-
spectable amount of endurance, as well as psychomotor 
training, like adventure races or survival. Participants 
of adventure races have to run, ride a bike, swim, row, 
climb, solve special tasks and effectively navigate in 
wild terrain, all of this also overnight and for many 
days, a unique combination in the sporting world. The 
distinctive mark of survival is that it is based on long 
lasting military training. During such an activities the 
continuous exercise without the access to proper reco-
very is combined with a severe sleep deprivation (1).

The influence of sleep deprivation on cardiorespira-
tory function has been evaluated at rest and during exer-
cise tests of various intensities and durations. Obtained 
results are not fully consistent even for such a frequently 
and easily measured variable as the heart rate. In most 

studies heart rates during submaximal exercises were 
unaffected by sedentary sleep deprivation: 24 hours of 
wakefulness and exercise at 80% of ¦O

2
max (2,3), 30 

hours and 25, 50 and 75% of ¦O
2
max (4,5), 36 hours 

and 80% of ¦O
2
max (6), 50 hours and PWC160 (7) 

and 60 hours and 70% of ¦O
2
max (8). The decreased 

resting and exercise heart rates after sedentary sleep 
deprivation were also observed (9-13). The study with 
partial 3 hours of sleep deprivation which showed in-
creased heart rate during exercise at intensity of 75% 
of ¦O

2
max (14) should also be mentioned.

In contrast to those pretty well examined influences 
of isolated effects of long lasting exercise and sleep 
deprivation on physical performance there are few 
data on impact of  those factors combined. Unaffected 
heart rate was reported by Myles (15) who exercised 
subjects for 50 min every 3 hours for 60 hours and 
Angus et al. (16). Also Plyley et al. (17) who kept 
subjects awake and exercising for one third of time for 
64 hours noted no changes in maximal heart rate. Scott 
and McNaughton (5) confirmed those findings as they 
observed unchanged heart rate during submaximal test 
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of 50% of ¦O
2
peak after 30 hours of sleep deprivation 

combined with exercising for 20 minutes every 2 hours. 
If in the above studies rates of perceived exertion were 
recorded they were increased by the extended periods 
without sleep (4,6,15,17). On the other hand majority 
of athletes participating in adventure races or ultraendu-
rance events lasting at least 24 hours who monitor their 
heart rates reported its decrease throughout exercise. It 
is also very interesting how the contractile efficiency 
of the heart expressed by stroke volume is affected by 
such an extreme conditions.

We failed to find in literature any record of postu-
rographic test conducted in subjects submitted to sleep 
deprivation and long lasting physical activity, so effect 
of such a combination is unknown. Some experiments 
were performed during sleep deprivation alone and 
increased postural disorders were observed (18,19).

Aim of the study
The purpose of the study was to evaluate the in-

fluence of 36 hours of sleep deprivation combined 
with 24 hours of intermittent exercise on selected 
physiological factors – submaximal heart rates, stroke 
volume and posturography.

Materials and methods
The study was conducted on healthy volunteers at 

survival camp organized by the former soldiers of Polish 
special units “GROM” in merely civilized area in Biesz-
czady mountains who signed the informed consent. The 
characteristics of the subjects is presented in table 1. Entry 
measurements including exercise testing, posturography 
and reocardiography were done the day before the trial. 

Submaximal exercise test on Monark cycloergometer 
was started with workload of 50 Watts and increased by 
50W every 3 min to 200W. During exercise at the end 
of each workload the heart rate and the rate of perceived 
exertion on Borg`s scale were recorded (20). Maximal 
oxygen consumption was evaluated according to the 
Åstrand-Ryhming nomogram (21). 

Posturography was performed on the PE48 tensome-
tric platform, on which the subject stood straight and as 
still as possible for 30 sec with opened eyes. Then, after 
at least 3 min of rest in sitting position, the measurement 
was repeated with the eyes closed. After another rest the 
feedback was tested - the subject was conserving the dot 
inside the square on the display by balancing himself on 
the platform. 

The 7 lead reocardiograph was used for 5 min in hori-
zontal position to assess the stroke volume of the heart. 

All measurements were conducted at least two hours 
after the meal and preceding exercise. First day of the 
trial started at 6 AM with gymnastics, followed by overall 
physical fitness test including 3 km running at maximal 
intensity (heart rate up to 195 bpm), two hours after din-
ner there was a long bicycle trip; overnight the subjects 
were on a mountain off road trekking lasting 9 hrs; on 
the second day there was a military training and one hour 
of high intensity climbing on the mountainbikes. The 
final measurements (exercise testing, posturography and 
reocardiography) took place two hours after dinner with 
total of 36 hours without sleep and 24 hours of exercise 
of various intensity. Posturography was also performed 
at 6 AM on the second day. Data are presented as means 
± SE and were calculated with Statistica 6.0 software.

Results
During the final measurements there were signifi-

cantly lower heart rates at all submaximal workloads 
and lower rates of perceived exertion on Borg`s scale 
at 50 and 100W (Fig. 1 and 2). 

	 ** p<0.01, *** p<0.001

Fig. 1. Heart rates during graded submaximal exercise performed be-
fore (full circles) and after (open circles) 36 hours of exercise and sleep 
deprivation

	 * p<0.05, ** p<0.01

Fig. 2. Rates of perceived exertion on Borg`s scale during graded subma-
ximal exercise performed before (full circles) and after (open circles) 36 
hours of exercise and sleep deprivation

n
Age 
[yrs]

height 
[cm]

body 
mass[kg]

BMI 
[kg·m-2]

¦O
2
max 

[ml·kg-1·min-1]

11 19 ± 1 184 ± 2 73.3 ± 2.3 21.5 ± 0.7 55 ± 2

Table 1. Characteristics of the subjects (±SE)
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In posturography the sway area significantly de-
creased from entry to the final measurement in the 
test with feedback and tended (p<0.09) to increase 
in the morning after the overnight exercise in the test 
with closed eyes (Fig. 3). There were no changes in 
maximal sway back-forth and right-left. 

In reocardiography there were only 7 reliable but 
widely spread results with no statistically significant 
changes, only a tendency (p<0,07) for an increased stro-
ke volume in the final measurement was observed.

Discussion
Lower heart rates during submaximal workloads 

with decreasing magnitude of this phenomenon with 
increasing workloads were firstly described by Holland 
(10). Similar results were obtained later by Pickett and 
Morris after 30 hours of sleep deprived subjects (13). 
They used an incremental exercise test and recorded 
depressed heart rates during low and moderate inten-
sities of exercise. Also Bond et al. reported lower heart 
rates during submaximal exercise (11). Regulation of 
heart rate is mostly governed by the autonomic nervous 
system and counterbalancing effects of its sympathetic 
and parasympathetic components. It is a very complex 
system that could be affected by many factors occur-
ring during such a long experiments as examined in 
this paper (exercise, energy balance, hydration, ther-
moregulation, psychological stress, etc.). Additional 
complications arise if the study is conducted in the field. 
Nevertheless, lower heart rates at moderate exercise 
intensities observed in the current study result from the 
decreased activity of sympathetic nervous system. We 
can only speculate whether it is due to exhaustion of 
catecholamines secretion or down regulation of its re-
ceptors. Tendency to increased stroke volume suggests 
that the stimulation is still on and maintaining cardiac 
output. The variety of receptors enables the parallel 
positive inotropic and negative chronotropic effects. 
Further studies with determination of catecholamines 

concentrations in blood are required. Thus, from the 
physiological point of view, it is a reasonable adaptive 
mechanism preventing overload of the heart during 
such a strenuous activities.

In posturographic test the tendency to increased 
sway area expressing the deterioration in maintaining 
posture corresponds to results presented by Avni et al. 
(18), who performed posturography 12 times for 25 
hours of sedentary sleep deprivation. Maximal sway 
area was recorded in the early morning hours (4-6 
AM). The other study conducted in Akita (Japan) 
lasted whole week and subjects were allowed to sleep 
only 3 hours a day (19). The worst postural results 
occurred around 4 AM and, as in our study, in the 
test with closed eyes. This augments how important 
sensory organ in human is the eye. Our results could 
have been affected by the wet and cold feet of subjects, 
as the night part of the study took place in the swamps. 
It was previously described, that significant cooling 
of feet causes problems in maintaining posture with 
closed eyes (22). Although there was a familiarization 
period the decreased sway area in the test with feed-
back seems to result from learning how to balance in 
consecutive measurements.

Conclusion
In young men participating in the study one sle-

epless night combined with the long lasting exercise 
caused decrease in heart rate and perceived exertion 
during submaximal exercise, which can be a result 
of adaptation to adrenergic stimulation. Tendency to 
increase in stroke volume observed in reocardiography 
can be an adaptive reaction to decreased heart rate in 
order to maintain the cardiac output. Posturography 
showed a decreased ability to maintain position in the 
morning, which disappears throughout the day.
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