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Abstract
Objective: The research was carried out to test the influence of adaptation to
passive whole body hyperthermia (PH) on physical capacity and cardio-respiratory efficiency in men-amateur athletes under the testing load of
increasing intensity in laboratory thermal-neutral conditions. Twenty-eight
amateur athletes (males, mean age 20.2 ± 2.1 y.o., game-based kinds of
sports—football, handball, training experience—4 - 7 years) were randomized
into two groups: experimental (14 people), who underwent 24 PH procedures, and control (14 people), who underwent 24 light training sessions in
interval regime on elliptical gym apparatus. Results: Adaptation to PH was accompanied by moderate increase of aerobic efficiency and cardio-respiratory
endurance in amateur athletes under thermally neutral conditions, while interval training in the control group showed no reliable changes in efficiency. Conclusion: A 10-week course of PH procedures leads to the increase of peak oxygen consumption, oxygen consumption at the level of anaerobic threshold, and
heart efficiency (enhancement of oxygen pulse values), as well as efficiency of
pulmonary ventilation and bronchial conductance, which we consider to be
cross effects of adaptation to passive whole-body repetitive hyperthermia.

Keywords
Adaptation, Amateur Athletes, Endurance, Passive Whole-Body
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1. Introduction
Heat acclimatization (HA) as a method of increasing athletes’ efficiency for furDOI: 10.4236/health.2020.121002
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ther training and competition activity in hot climate is well-grounded and widely used in training athletes of various kinds of sports [1] [2] [3]. HA is developed
during repeated combined exposure of a body to moderate stressors: physical
load (endogenous metabolic stressor, increasing the temperature of the body
core) under high temperature of the environment (28˚C - 33˚C—exogenous
stressor, increasing the skin temperature) [4]. Such approach is based on the
concept of adaptation syndrome development and the phenomenon of direct
and cross adaptation effects. It is postulated that adaptation to a certain stress
factor of the environment leads to increased tolerance to this stressor and resistance to other stress impacts [5] [6] [7].
Various protocols of using other factors (in addition to HA) have been proposed (hypoxia, high air humidity etc.) in order to launch the cross adaptation
effects and increase the aerobic endurance of athletes under the conditions of
middle altitude, high temperature, or neutral thermal conditions [7]-[12]. However, the results of these researches are rather contradictory and hard to compare, as they use different methods. For example, S. Lorenzo et al. [13] showed
that HA of bicyclists of intermediate level of training (10 days by 90 minutes of
intense training under hot climate 30˚C) leads to 5% - 8% enhancement of the
results of laboratory testing of a 1 hour race, as well as to an increase of maximal
oxygen consumption (VO2 max), and anaerobic threshold (AT) under the external temperature of 13˚C. Other researchers showed that HA of bicycle racers
or track and field athletes, with triathletes of high level at the peak of their sports
shape leads to increasing their sports results tested in hot climate, but is not accompanied by the increase of efficiency, peak values of oxygen consumption
under intermediate temperatures (17˚C - 20˚C), or neutral thermal conditions in
combination with hypoxia [14] [15].
Heat acclimatization results are also hard to interpret as two stressors—exercise
and high temperature—act simultaneously, which does not allow estimating the
contribution of each into the further increase of the athlete’s performance and/or
cardio-respiratory efficiency under neutral thermal conditions.
As for researching the influence of adaptation to isolated repeated passive
hyperthermia (without training load) on aerobic endurance, the VO2 max values
of athletes were not fully developed, though there are certain grounds for that.
For example, one of the key cellular mechanisms of adaptation to hyperthermia,
or HA, is production of heat shock proteins (HSP72, HSP90) and hypoxia-induced
factor (HIF1а), stabilization and activation of which may also take place under
normal oxygen conditions under the influence of HSP90 and reactive oxygen
species (ROS) [16] [17]. Expression of HSP synthesis is closely connected with
the increase of the body core temperature and stimulates the processes of vasodilation, the skin and muscle blood flow, while HIF1а, in turn, launches the
processes of angiogenesis, erythropoiesis, stimulates production of growth factors, glycolytic enzymes, nitrogen monoxide, molecules with antioxidant properties, etc. [4] [6]. As a result, systemic ergogenic mechanisms of hyperthermia
adaptation are launched, including increase of myocardium efficiency, cardiac
DOI: 10.4236/health.2020.121002
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output, increasing the volume of blood plasma, the threshold of lactate tolerance, optimizing the endothelial function, autonomous regulation, thermoregulatory transformations—decreasing the temperature threshold of perspiration,
increasing its efficiency under the same growth rates of the body core temperature [3] [4] [18] [19].
Positive effects of adaptation to passive isolated hyperthermia are confirmed
by the experience of regular (1 - 2 times a week) prolonged application of dry-air
or infrared saunas [18] [20] [21]. This is accompanied by decreasing the risk of
cardiovascular pathology, normalizing the high arterial blood pressure, carbohydrate and lipid metabolism, and increasing the level of physical efficiency in
healthy non-trained middle-aged volunteers [17] [20] [22].
In the present research, we supposed to estimate the influence of adaptation to
passive whole-body hyperthermia to cardio-respiratory endurance and aerobic
efficiency when performing the testing load of increasing intensity under laboratory conditions in comfortable external temperature. The research hypothesis is
as follows: adaptation to passive repeated whole-body hyperthermia increases
exercise tolerance in indicators of peak oxygen consumption and cardio-respiratory
endurance in men-amateur athletes tested under thermally neutral conditions.

2. Research Methods and Organization
The randomized controlled study comprised 28 amateur athletes (males, average
age 20.2 ± 2.1 y.o., games-based sports—football, handball, duration of doing
sports—4 - 7 years). The research protocol was formed in compliance with the
provisions of “Bioethical rules of human research”, conformed to the standards
set by the Declaration of Helsinki and approved by the Bioethics Commission of
the University (Protocol 05-19 from April, 10th, 2019). All respondents gave their
written informed consent prior to the examination. The study was registered at
Clinical Trials.gov (ID: NCT04089410).
After preliminary medical checkup (in order to exclude chronic pathology),
all participants were divided into two groups (block randomization 1:1 in blocks
by 6 based on randomization list): experimental group (EG, 14 people), who later underwent 24 procedures of passive whole-body hyperthermal adaptation,
and control group (CG, 14 people), who underwent 24 training sessions with elliptical gym apparatus in interval regime. The athletes of the two groups did
not differ by the key demographic and anthropometric characteristics (Table
1), they did not use any medications 2 weeks before and the whole study period.

2.1. Hyperthermic Procedures and Interval Training
The EG athletes underwent a course of passive hyperthermal adaptation using a
capsule Alfa Basic (Sybaritic Inc., Minnesota, USA). The capsule is an ergonomic
camera in which an athlete may take a lying position and undergo whole-body
hyperthermia procedures (infrared heating), the head being outside the camera
blown by cool air with a built-in ventilator. Preliminarily, all EG participants
DOI: 10.4236/health.2020.121002
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Table 1. Key demographic characteristics of the research participants.
Indicators

EG (n = 14)

CG (n = 11)

Age, years

20.7 ± 2.3

20.0 ± 0.3

Body mass, kg

78.7 ± 13.4

73.4 ± 10.6

Body length, cm

182.8 ± 9.8

179.3 ± 7.8

Body mass index, kg/m2

23.7 ± 3.1

22.6 ± 2.9

Smoking (8 - 12 cigarettes per day)

9 (64.3%)

4 (36.4%)

Taking medications

14.3% (n = 2)

9.1% (n = 1)

SpO2, %

97.9 ± 1.05

98.1 ± 2.1

Heart rate at rest (HR), bpm

68.2 ± 10.7

70.0 ± 8.9

Systolic arterial pressure, mmHg

126.8 ± 13.4

125.1 ± 8.9

Diastolic arterial pressure, mmHg

76.5 ± 8.3

79.4 ± 6.7

Legend: EG—experimental group, CG—control group, the data are represented as mean ± SD or n/N (%).

underwent a testing hyperthermia procedure (HP) in the capsule, with increasing of temperature from 40˚C by 10˚C each 10 minutes till the individual subjective tolerance threshold is achieved, then the body core temperature was measured. Further, the parameters of hypermetric adaptation procedures were selected individually by the results of the testing procedure. On average, the temperature in the capsule was established at 65˚C - 80˚C, while the temperature of
the athlete’s body core by the end of the procedure increased by 1.5˚C - 2.0˚C.
The recommended duration of one procedure was 40 minutes, but not all athletes endured such duration, thus the first procedures of some participants according to individual self-reports were reduced up to 25 - 30 minutes.
In general, each EG participant underwent 24 hyperthermia procedures in the
following regime: the first period—3 sessions a week every second day, total 12
procedures in 4 weeks; the second period—2 sessions a week, 12 procedures in 6
weeks. All athletes were recommended to attend the procedures in a hydrated
enough state, not less than three hours after meals and caffeine intake, not to
change the dietary and training pattern during the research period (2 play trainings a week, on the days when the athletes did not undergo hyperthermia procedures).
As any influence would be obviously eliminated in case of attempting to organize placebo procedures in the thermal capsule, the CG participants were invited to the laboratory at the same periods and with the same frequency as the
EG athletes. The former underwent training on elliptical gym apparatus HouseFit N-300 (China) in interval regime: moderate loads (45% - 55% from the individual values of HR max) during 6 - 7 minutes were interchanged for rest periods (treadling with 25% - 30% load of HR max). Duration of each interval
training (IT) session was 40 minutes, total 24 trainings in 10 weeks.
Before and immediately after each HP/IT, the following measurements were
made for each athlete still within the capsule (sitting on the elliptical gym appaDOI: 10.4236/health.2020.121002
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ratus): heart rate (HR), systolic and diastolic arterial pressure (SAP and DAP,
automatic tonometer AND UA-767, AND, Japan), body core temperature
(infrared thermometer AND DT-635, AND, Japan) as a mean of double measurements in both axillary regions. Besides, in the dynamics of each procedure we
monitored the blood saturation with oxygen (SpO2) and HR with a pulse-oxymeter
MD300 (BCE Tech, China).

2.2. Estimating the Parameters of Body Composition, Peak
Oxygen Consumption and Cardio-Respiratory Endurance
Initially, after 12 procedures of hyperthermia (interval trainings) and after a
10-week cycle of HP/IT (after 24 procedures) we estimated the parameters of the
body composition with a portable bio-impendance meter Tanita BC-601 (Tanita,
Japan), calculating the muscle mass in kg and fat mass in % to the total body
mass.
In the same period, all participants underwent a cardiopulmonary exercise test
(CPET) on a treadmill with measuring of oxygen uptake (gas analyzer Fitmate
МЕD (COSMED, Italy) and a running machine Intertrack (Shiller, Switzerland))
by BRUCE protocol (step load of increasing intensity up to refusal, duration of
each step 3 minutes (initial speed 1.7 mph increasing to 2.5, 3.4, 4.2, 5.0 and 5.5
mph, initial angle of the running track 10˚ increased at each step by 2˚ [23] [24].
The choice of relatively “light” and short protocol of load testing was due to the fact
that the study participants were amateur athletes without special training in endurance, with initial values of VO2 max at the level of healthy people—non-athletes. All
participants preliminarily underwent familiarization with testing procedure; the
gas analyzer was calibrated before each testing.
Prior to doing the load testing, we estimated the breathing function, registering the following indicators: forced vital capacity (FVC), forced expiratory volume in the first sec (FEV1), peak expiratory flow (PEF), mean expiratory flow at
the levels of large, middle, and small bronchi (MEF-75%, MEF-50%, and MEF-25%,
respectively).
In the test dynamics, the HR values were monitored continuously with the
sensors of a breast strap Polar 610i (Finland), the signal of an optoelectronic
sensor in the mask as transmitted to the gas analyzer. The values of all registered
indicators were averaged for each 15-second interval [24] We applied criteria for
the testing termination corresponding to recommendations [23]. Borg scale was
used to objectify the subjective self-reports on the load. On average, the test was
completed in 14 - 15 minutes.
When analyzing the dynamics of aerobic efficiency and cardio-respiratory
endurance, the following indicators were taken into account: maximal HR
(HRmax), % of HRmax from predicted individual values, blood pressure increase at each stage of load, at maximal load, and during restoration period, peak
oxygen uptake (VO2peak), % VO2peak from predicted values (VO2peak, %), oxygen
uptake at the level of anaerobic (ventilator) threshold (VO2AT), % of VO2AT
DOI: 10.4236/health.2020.121002
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from predicted values (VO2АT, %), respiratory frequency (Rf), peak pulmonary
ventilation (VE), oxygen pulse (VO2 peak/HRmax), ventilatory equivalent of
oxygen (VE/VO2 peak). All testing was carried out in a laboratory premises at
the temperature of 21˚C - 23˚C.

2.3. Statistical Methods
The data were analyzed with Statistica 11.0 software. The data are represented as
a mean and standard deviation (M ± SD). Checking for normal distribution was
carried out with Kolmogorov-Smirnov test; to estimate the significance of intraand inter-group differences in dynamics, we used one-sample t-test, Wilcoxon
test (for intra-group comparisons) and Mann-Whitney test (for inter-group
comparisons). The differences were considered significant at р < 0.05.

3. Results
Of 28 athletes involved in the research, 23 people competed the full cycle (2
people from EG and 3 people from CG were excluded due to acute respiratory
viral infection (2 people) and low compliance with the research protocol (3
men). All athletes satisfactorily endured the procedures of passive whole-body
hyperthermia and interval training. The typical reaction of the EG participants
to hyperthermia was significant increase of the body core temperature (Tc) by
2.0˚C on average with individual variations from 1.2˚C to 5.5˚C by the end of
the procedure (Table 2). At that, a typical hemodynamic response was detected,
in the form of decreased SAP and DAP and increase of HR up to the values
compared to the HR under moderate physical load (55% - 65% of HRmax), as
well as significant decrease of SpO2 value by the end of hyperthermia in virtually
all procedures (from the 1st to the 24th), which reflects the increase of oxygen extraction by the tissues. In CG during IT, no significant shifts of Tc and SpO2
were observed while SAP and Dap increased to the values corresponding to the
low and moderate load (Table 2).
By the results of initial testing, the EG and CG athletes did not significantly differ
from each other by the level of aerobic efficiency, the values of cardio-respiratory
economy, and of pulmonary ventilation. In the dynamics of the 10-week cycle of
interval trainings in supporting regime (low degree), CG participants demonstrated no significant dynamics of the indicators of aerobic efficiency, pulmonary ventilation and bronchial conductance (Table 3 and Table 4).
After 12 HP procedures, EG athletes demonstrated significant increase in the
exercise time up to fatigue, the values of the initially reduced oxygen uptake at
the level of anaerobic threshold in relation to control group—by 16.3% ± 12.0%
under significant hyperventilation response (increase of VE by 15% ± 21.7%,
Rf—by 15.9% ± 21.7%, while the values of ventilator equivalent VE/VO2 peak
exceeded the control group values).
After 24 procedures in EG, under reliably longer exercise time up to exhaustion compared to the CG, we marked reliable increase of aerobic efficiency—absolute and relative VO2 peak (% from predicted values)—by 12.5% ± 8.3%
DOI: 10.4236/health.2020.121002
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Table 2. Average dynamics of physiological indicators before and after hyperthermic
procedures (HP)/interval training (IT).
Group

EG, n = 12

CG, n = 11

Indicators

before HP

after HP

difference
before and
after HP

Body core
temperature, Tc, ˚C

36.4 ± 0.1

38.5 ± 0.3

+2.0 ± 0.4

SAP, MmHg

before IT

after IT

36.4 ± 0.1

36.3 ± 0.4

123.8 ± 10.6 112.1 ± 10.4 −11.7 ± 5.9 122.7 ± 9.7 127.2 ± 8.2
−15.8 ± 6.0 70.0 ± 5.7

67.9 ± 7.5

difference
before and
after IT
−0.08 ± 0.2
**p = 0.005
5.6 ± 4.8
−2.0 ± 5.1
**p = 0.02

DAP, MmHg

72.6 ± 7.1

56.7 ± 5.2

Heart rate, bpm

83.9 ± 7.9

125.9 ± 16.2

42 ± 15.1

83.2 ± 8.6 113.9 ± 11.2 30.6 ± 14.0

SpO2, %

96.9 ± 0.4

95.8 ± 0.6

−1.1 ± 0.7

96.9 ± 0.3

96.2 ± 0.5

−0.6 ± 0.4

Note: average data of all participants’ responses to each of 24 hyperthermic procedures (HP) for experimental group and interval trainings (IT) for control group. **Significance of differences in changes of indicators before and after HP and before and after IT.

Table3. Results of exercise testing in the course of hyperthermic procedures (HP)/interval
training (IT).
Indicator

Group

Initially

After 12 procedures

After 24 procedures

VO2 peak,
ml/min

EG

3061 ± 491

3252 ± 474

3382 ± 383** (p = 0.02)

CG

3009 ± 565

#

2818 ± 496 (p = 0.05)

2801 ± 608# (p = 0.02)

VO2 peak, %
VO2 peak/BM
VE, L/min
Rf, resp/min
HRmax, bpm
HRmax, %
VO2 AT/BM
VO2 AT, %
VO2
peak/HRmax,
ml/bpm
VE/VO2 peak
exercise time to
exhaustion

EG

93.9 ± 10.6

97.4 ± 11.6

98.7 ± 11.8* (p = 0.04)

CG

97.6 ± 13.1

96.0 ± 7.7

91.0 ± 11.9

EG

39.6 ± 4.5

41.1 ± 4.9

42.6 ± 3.4* (p = 0.05)

40.5 ± 3.2

38.0 ± 5.0

CG

41.2 ± 5.5

EG

101.3 ± 17.7

CG

99.2 ± 27.5

92.6 ± 27.2

98.3 ± 32.8# (p = 0.05)

EG

40 ± 8.9

44.8 ± 6.2* (p = 0.01)

42.6 ± 10.2

CG
EG

114.9 ± 20.0* (p = 0.02) 121.1 ± 12.9* (p = 0.01)

40.7 ± 10.1

#

38.2 ± 10.0 (p = 0.05)

40.9 ± 9.0

180.7 ± 11.4

183.5 ± 10.0

179.8 ± 13.1

CG

175.8 ± 17.1

176.5 ± 12.3

169.6 ± 17.2

EG

90.3 ± 5.2

91.7 ± 5.0

89.9 ± 6.8

CG

87.3 ± 8.5

87.6 ± 6.3

84.2 ± 8.5

EG

18.9 ± 2.4

21.9 ± 2.8* (p = 0.004)

22.5 ± 2.2* (p = 0.002)

CG

21.9 ± 2.8# (p = 0.03)

21.5 ± 4.4

20.9 ± 3.5

EG

48.0 ± 5.9

53.7 ± 7.6* (p = 0.004)

54.4 ± 6.3* (p = 0.01)

CG

53.8 ± 8.6

53.6 ± 13.4

55.5 ± 11.0

EG

16.9 ± 2.4

17.7 ± 2.4

18.9 ± 2.5* (p = 0.01)

CG

17.4 ± 4.8

16.0 ± 2.6

16.5 ± 3.0# (p = 0.05)

EG

25.6 ± 3.4

28.0 ± 4.5

28.5 ± 3.1

CG

24.0 ± 5.2

22.8 ± 6.0# (p = 0.05)

25.4 ± 6.1

EG

946 ± 189

1089 ± 119* (p = 0.03)

1089 ± 97* (p = 0.03)

CG

1035 ± 69

1036 ± 26

991 ± 121# (p = 0.03)

Note: *Significance of differences in relation to the initial testing data in the same group; #Significance of
inter-group differences at one stage of testing.

DOI: 10.4236/health.2020.121002
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Table 4. Indicators of body composition and pulmonary ventilation in the course of
hyperthermic procedures (HP)/interval training (IT).
Indicators

Group

Body mass index,
kg/m2

EG

24.1 ± 3.1

24.2 ± 3.2

24.4 ± 3.3

CG

22.7 ± 3.0

22.3 ± 2.4

22.5 ± 2.3

EG

64.3 ± 9.0

64.9 ± 8.0

65.8 ± 8.3* (р = 0.036)

CG

62.4 ± 7.7

62.1 ± 8.2

62.1 ± 8.3

EG

12.8 ± 4.1

12.4 ± 5.1

13.3 ± 5.3

CG

9.7 ± 3.2

10.0 ± 3.3

10.2 ± 3.7

EG

5.3 ± 0.8

5.3 ± 0.5

5.5 ± 0.5

CG

4.7 ± 1.0

4.7 ± 0.9 (p = 0.02)

4.7 ± 1.0# (p = 0.03)

EG

4.5 ± 0.7

4.8 ± 0.5

5.0 ± 0.4* (p = 0.009)

CG

4.3 ± 0.7

4.4 ± 0.8 (p = 0.02)

4.4 ± 0.7# (p = 0.015)

Muscle mass, kg

Fat mass, %

FVC, l

FEV1, l

PEF, l/sec

MEF-75%

MEF-50%

MEF-25%

Initially

After 12 HP/IT

#

#

After24 HP/IT

EG

8.0 ± 1.4

9.1 ± 1.2* (p = 0.02)

9.3 ± 1.2* (p = 0.03)

CG

8.3 ± 1.8

8.1 ± 2.0

8.1 ± 1.4

EG

6.5 ± 1.9

CG

7.5 ± 1.5

7.4 ± 1.3

7.3 ± 1.1# (p = 0.007)

EG

4.8 ± 1.7

5.7 ± 1.2

6.1 ± 1.2* (p = 0.06)

CG

6.0 ± 0.6

5.8 ± 0.8

6.1 ± 1.1

EG

2.8 ± 1.2

3.2 ± 0.9

3.8 ± 0.9* (p = 0.03)

CG

3.6 ± 0.5 (p = 0.05)

3.3 ± 0.4

3.8 ± 0.9

#

8.2 ± 1.4* (p = 0.007)

8.5 ± 1.3* (p = 0.02)

Note: *Significance of differences in relation to the initial testing data in the same group.

and 8.1% ± 9.0% respectively, further increase of VO2 at АТ, and increase of the
О2 pulse indicator (VO2 peak/HRmax), reflecting cardiac performance. At that,
the significantly higher ventilator response to exercise (VE) was preserved, while
no changes in chronotropic reaction to exercise were detected.
In the dynamics of the course of passive adaptation to hyperthermia, we
marked a significant (in contrast to the control group) increase pulmonary expiratory parameters—FEV1, PEF, MEF-75%, MEF-50%, MEF-25%, which reflects the better conductance of bronchi of various calibers—from large to small
ones (Table 4). No reliable changes of the body composition in the study dynamics were detected in both experimental and control groups (despite rather
intense sessions of heating of the EG athletes).

4. Discussion
For the first time, the research shows that adaptation to a course of passive
whole-body hyperthermia sessions leads to moderate increase of aerobic efficiency and cardio-respiratory endurance in men-amateur athletes performing a
treadmill exercise test up to exhaustion under thermally neutral conditions.
In a large number of studies, heat acclimatization (training intensity from 1.5
to 4 hours in hot climate—29˚C - 33˚C) was used to increase efficiency and
physical endurance in athletes of various specializations and levels of training,
DOI: 10.4236/health.2020.121002
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both under hot and moderate climate [1] [9] [10] [25]. In our study we applied a protocol of prolonged passive whole-body intense (temperature in the thermo-capsule increased up to 75˚C - 80˚C) hyperthermia to eliminate the potential additional
(in relation to thermal stress) effects of the exercise intense training per se (metabolic stress), which is used in the research of thermal adaptation effects on efficiency in elite athletes.
It was revealed that a 10-week course of passive hyperthermia in the selected
regime leads to the increase of aerobic efficiency, peak oxygen consumption,
oxygen consumption at the level of anaerobic threshold, and heart efficiency
(enhancement of oxygen pulse values).
The control group, consisting of participants of the same level of sports training who attended the laboratory in the same regime to perform interval exercise
of moderate intensity, did not show reliable changes of the analyzed indicators;
thus, we consider that the leading factor of the revealed adaptive changes was the
effect of hyperthermic stress.
It is recognized that to launch the thermoregulatory adaptive processes, significant for adaptation to metabolic stressors (loads) it is necessary to increase
the body core temperature by 1.5˚C - 2.0˚C [4] [6]; this exactly served as a key
factor of dosing whole-body hyperthermic sessions in our work.
The marked “ergogenic” effect of adaptation to passive hyperthermia can be
partially explained by a number of morpho-functional shifts launched by the repeated procedures which increase the body core temperature and facilitating the
adaptation to metabolic stress (exercising up to refusal): improved cardiac efficiency due to moderate decrease of arterial pressure and post-load; increase of
skin and muscle blood flow and blood plasma volume; reducing the submaximal
values of HR; stimulation of oxygen extraction by muscles due to more intense
oxyhemoglobin dissociation; stimulation of capillarization; increase of the capacity of anti-oxidant mechanisms; and stimulation of nitrogen monoxide
production as a modulator of oxygen-dependent processes in the body (oxygen-transportation function of blood, prooxidant-antioxidant balance) [8] [19]
[26] [27].
There are indirect proofs of increasing exercise tolerance under normal thermal conditions after passive hyperoxic conditioning: reduced oxygen consumption, lower values of lactate, blood plasma potassium, when the athletes performed loads of the same degrees of intensity as before the course of heat adaptation [4].
For understanding the hyperthermically conditioned adaptive changes, it is
important to consider the result of our study showing increases in peak exercise
pulmonary ventilation, as well as the values of resting bronchial conductivity after the course of heating sessions. This can be viewed as a mechanism of adaptation to repeated hyperthermia, not as a reduction of load efficiency, and is concordant with the data by A. E. Beaudin et al. [28]. The authors of the above research showed that the increased pulmonary ventilation (exceeding metabolic
needs) after a course of 10 passive hyperthermia procedures was due to the deDOI: 10.4236/health.2020.121002
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creased temperature threshold (lower gradient of the increase of body core temperature) of the ventilatory response, similar to the decrease of sweating threshold. This is a component of thermolytic efferent “response” to recurrent
hyperthermia episodes, launched from preoptic hypothalamic nuclei, and not a
consequence of the respiratory center increased sensitivity to CO2 [8] [20] [28].
The revealed changes of bronchial conductivity cannot be due to stimulation
of thermo-receptors of respiratory tracts, as in our research the head of an athlete was outside the capsule during hyperthermia session and was not exposed to
heating, and they breathed with the air of neutral temperature. The potential
factors of improving the pulmonary ventilation and bronchial conductivity at
rest after the course of hyperthermia can be normalization of nitrogen monoxide
production dynamics in the lung parenchyma, which influences the pulmonary
blood flow and ventilation, as well as a certain training of respiratory muscles
during hyperthermic impacts [19] [29]. However, these assumptions require
further studies.
The study results may have practical value, as they substantiate the application
of passive whole-body hyperthermia procedures for potentiating exercise capacity and cardio-respiratory efficiency in amateur athletes (in addition to sports
training) with low/intermediate indicators of aerobic efficiency at the initial
stages of training cycle, as well as in athletes after traumas to maintain their
aerobic capacity and cardio-respiratory efficiency. Additional research would
help to elaborate the optimal combinations of consecutive application of sports
training and passive hyperthermia, which is considered to be rather promising
[16].

5. Research Limitations and Prospects
The obtained results of hyperthermically conditioned increase of aerobic efficiency of amateur athletes under thermally neutral conditions are preliminary.
The research limitations include the small size of the studied sample and the lack
of placebo group, the latter being the athletes staying in the capsule without
temperature influence. Significant individual variations of adaptive responses in
men-amateur athletes to passive hyperthermia suggest that there are individuals
tolerant and sensitive to hyperthermia. This requires elaboration of criteria and
indicators for determining and predicting the effects of passive whole-body
hyperthermic adaptation.
Further research are necessary to translate the obtained results to groups of
professional athletes of higher qualification, as well as to elaborate the most effective protocols of passive hyperthermic conditioning in the practice of qualified athletes training and sports medicine.

6. Conclusions
It is shown that prolonged adaptation to passive hyperthermia (without exercising) leads to increasing the aerobic capacity of men-amateur athletes tested unDOI: 10.4236/health.2020.121002
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der thermal-neutral conditions. A course of passive hyperthermic acclimation
leads to the increase of peak oxygen uptake, oxygen uptake at the level of anaerobic/ventilatory threshold, and heart efficiency.
Pulmonary ventilation increases and, accordingly, the ventilatory equivalent
at peak exercise after hyperthermic adaptation is not a symptom of reduction in
respiratory efficiency when performing exercise, but is most probably a sign of
adaptation to hyperthermic repeated stressors.
Additional studies are required to reveal the cross-effects of adaptation to passive whole-body hyperthermia in the dynamics of exercise performance and endurance of qualified athletes.
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