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Abstract

The aim of the study was to determine the effect of repeated hot thermal stress and cold water immersion on the
endocrine system of young adult men with moderate and high levels of physical activity (PA). The research was
conducted on 30 men aged 19-26 years (mean: 22.67 = 2.02) who attended four sauna sessions of |2 min each
(temperature: 90-91°C; relative humidity: 14—16 %). Each sauna session was followed by a 6-min cool-down break
during which the participants were immersed in cold water (10-11°C) for | min. Testosterone (TES), cortisol
(COR), dehydroepiandrosterone sulfate (DHEA-S), and prolactin (PRL) levels were measured before and after the
sauna bath. The participants’ PA levels were evaluated using the International Physical Activity Questionnaire. Serum
COR levels decreased significantly (p < .001) from 13.61 to 9.67 pg/ml during 72 min of sauna treatment. No
significant changes (p >.05) were noted in the concentrations of the remaining hormones: TES increased from 4.04
to 4.24 ng/ml, DHEA-S decreased from 357.5 to 356.82 pg/ml, and PRL decreased from 14.50 to 13.71 ng/ml. After
sauna, a greater decrease in COR concentrations was observed in males with higher baseline COR levels, whereas
only a minor decrease was noted in participants with very low baseline COR values (r =-0.673, p <.001). Repeated
use of Finnish sauna induces a significant decrease in COR concentrations, but does not cause significant changes in
TES, DHEA-S, or PRL levels. Testosterone concentrations were higher in men characterized by higher levels of PA,
both before and after the sauna bath.
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diseases, as well as nonvascular conditions, including pul-
monary diseases such as the common flu. Sauna bathing

Introduction

Finnish sauna bathing involves brief exposure to high envi-
ronmental temperature (80°C—100°C), and it has long been
used for pleasure, wellness, and relaxation (Laukkanen
etal., 2018). There is ample evidence to suggest that regular
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sauna use by healthy individuals, persons with health prob-
lems and athletes exerts beneficial effects as a form of heat
therapy and biological regeneration (Biro Masuda et al.,
2003; Pilch et al., 2014; Podstawski et al., 2016; Scoon
et al., 2007; Sutkowy et al., 2017). Regular sauna bathing
may alleviate and prevent the risk of both acute and chronic
diseases (Laukkanen et al., 2019). Emerging evidence sug-
gests that sauna bathing delivers numerous health benefits
by lowering the risk of vascular diseases such as high blood
pressure, cardiovascular disease, stroke, and neurocognitive
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reduces mortality, contributes to the treatment of specific
skin conditions, and alleviates pain in conditions such as
rheumatic diseases and headache (Heinonen & Laukkanen,
2018; Hussain & Cohen, 2018; Laukkanen et al., 2018;
Laukkanen & Laukkanen, 2018).

Podstawski et al. (2013) demonstrated that a visit to
the sauna can be a stressful experience for people who are
rarely subjected to heat therapy. In the cited study, sauna
bathing significantly contributed to the psychological and
physical well-being of the vast majority of the partici-
pants, leaving them refreshed and relaxed. In the studied
population, 23.70% of males and 14.93% of females
experienced discomfort due to high temperature, a large
number of participants, and the presence of the opposite
sex (Podstawski et al., 2013). These findings suggest that
the stress associated with sauna use can lead to changes in
hormone secretion, and similar observations have been
made by other researchers (Rissanen et al., 2019). Some
of these changes resemble the processes that occur in
response to other stressors, whereas other changes are
typical of sauna-induced stress (Kukkonen-Harjula &
Kauppinen, 1988). Stress activates the sympathetic ner-
vous system and the hypothalamus-pituitary-adrenal hor-
monal axis to maintain thermal balance in the body
(Kauppinen & Vuori, 1986; Kukkonen-Harjula &
Kauppinen, 1988). Hormones are chemical transmitters
that participate in numerous physiological processes. The
production of some hormones increases during physio-
logical stress when physical effort exceeds the body’s
regulatory capabilities and induces an excessive response
that triggers neurohormonal changes (Jaskolski &
Jaskolska, 2006). Elevated blood pressure and sweating
during sauna trigger a number of responses and activate
mechanisms that are responsible for the maintenance of
homeostasis. The production of the antidiuretic hormone
(ADH) and aldosterone is intensified to normalize blood
pressure (Hannuksela & Ellahham, 2001; Kauppinen,
1989). Kosunen et al. (1976) and Lammintausta et al.
(1976) observed an increase in the plasma concentrations
of renin, angiotensin II, and aldosterone during a single
sauna session.

The group of hormones that regulate physiological
processes during thermal stress involves steroid hor-
mones that are fat-soluble and can easily cross cell mem-
branes. These hormones include cortisol (COR),
testosterone (TES) and dehydroepiandrosterone sulfate
(DHEA-S). Steroids penetrate cells and bind to the cell
nucleus. The time of day should also be carefully planned
in experimental loading protocols because serum COR,
TES and DHEA-S concentrations change during the day
in the circadian rhythm (Rissanen et al., 2019). The hor-
mone-receptor complex then binds to DNA and activates
the genes responsible for the production of specific pro-
teins and enzymes (Jaskolski & Jaskolska, 2006).

Prolactin (PRL) is yet another multi-functional hormone
whose biological potency probably exceeds the combined
effects of the remaining pituitary hormones. Prolactin is
positively associated with ambient temperature, which
could imply that it is involved in acclimatory responses to
higher ambient temperature (Cicioglu & Kiyici, 2013)
and that its secretion increases significantly under stress
conditions (physical exertion, hypoglycemia or dehydra-
tion) in both men and women (Lennartsson & Jonsdottir,
2011). A positive correlation between body temperature
and PRL secretion was reported by Christensen,
Jorgensen, Moller, Mgller, and Orskov (1985), whereas
Lammintausta et al. (1976) observed a significant
decrease in sodium excretion from the body during and
after heat exposure in the sauna.

The hormonal system strongly affects the thermoregu-
latory system, and a number of hormonal changes occur
under thermal stress. These changes are particularly pro-
nounced in individuals who are not frequent sauna users
(Pilch et al., 2003). During thermal stress, hormone pro-
duction is altered to adapt to the demand for energy, and
it responds to the amount of body water and body tem-
perature. These processes are particularly important in
persons who exposed to thermal stress and are at greater
risk of dehydration or overheating (Committee on Sports
Medicine and Fitness, 2005). Stable levels of body water
(approximately 60% of body mass in adult men) and sta-
ble body temperature are required for healthy circulation
and many physiological processes (Mayer & Bar-Or,
1994; Sawka, 1992). Research on the effects of thermal
stress in men who use the sauna sporadically demon-
strated an increase in the heart rate to the maximum val-
ues, in particular during prolonged and repeated sauna
sessions lasting 40 min and longer (temperature [ 90°C,
humidity approx. 15%) (Podstawski et al., 2019). During
repeated sauna exposure, a strong relationship was also
noted between body mass loss, body surface area and
heart rate response in healthy adult males (Boraczynski
et al., 2018).

There is a general scarcity of published studies inves-
tigating the impact of thermal stress on hormonal changes
in men with different physical activity (PA) levels who
are regular sauna users. There is evidence to indicate that
PA significantly influences hormone levels in the human
body (Hagobian & Braun, 2010; Poehlman & Copeland,
1990). According to Kukkonen-Harjula and Kauppinen
(2006), sauna is an ancient habit in both cold and warm
climates, which is why cooling factors such as cooling
time, temperature and the cooling environment (water or
air) should be taken into account when analyzing changes
in the hormonal milieu. The aim of this study was to ana-
lyze the basic responses of the endocrine system in young
healthy men with moderate and high levels of PA, who
were exposed to heat during four 12-min sessions in a
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Finnish sauna. Each sauna session was followed by a
6-minute break during which the participants were
immersed in cold water for 1 min.

Materials and Methods

Participant Selection

The study was conducted in 2020 on 30 male volunteers
aged 19-26 years (22.67 = 2.02). The prospective par-
ticipants were informed about the purpose of the study
during a meeting held 2 months before the experiment at
the University of Warmia and Mazury (UWM) in Olsztyn,
Poland. The students who agreed to participate in the
study (47 men) were notified by e-mail and a text mes-
sage whether they met the inclusion criteria and were pro-
vided with the date of final recruitment. The planned
sauna sessions were relatively long, and the volunteers
were asked to visit a sauna regularly (twice a week for 30
min) for 2 months before the study. For this purpose, the
prospective subjects were provided with access to two
saunas in the UWM in Olsztyn (twice a week on specified
days of the week) over a period of 2 months preceding the
study. Thirty students meeting the above inclusion crite-
ria were recruited for the study. The participants con-
firmed that they did not take any medications or nutritional
supplements, were in good health, and had no history of
blood diseases or diseases affecting biochemical and bio-
mechanical factors. None of the evaluated participants
had respiratory or circulatory ailments.

Ethics Approval

The study was conducted upon the prior consent of the
Ethics Committee of the UWM in Olsztyn (10/2020),
according to the World Medical Association Declaration
of Helsinki. The study was performed on student volun-
teers who signed an informed consent statement.

Instruments and Procedures

The participants received comprehensive information
about sauna rules during the meeting preceding the study.
They were asked to drink at least 1 L of water on the day
of the test and 0.5 L of water 2 hr before the session. The
participants did not consume any foods or other fluids
until after the final body measurements.

The participants’ PA levels were evaluated using the
standardized and validated International Physical Activity
Questionnaire (IPAQ) (Lee et al., 2011). The IPAQ was
used only to select a homogenous sample of male stu-
dents, and the results were presented only in terms of
Metabolic Equivalent of Task (MET) units indicative of
the participants” PA levels. The students declared the

number of minutes dedicated to PA (minimum 10 min)
during an average week preceding the study. The energy
expenditure associated with weekly PA levels was
expressed in MET units. The MET is the ratio of the work
metabolic rate to the resting metabolic rate, and 1 MET
denotes the amount of oxygen consumed in 1 min at rest,
which is estimated at 3.5 mL/kg/min. Based on the fre-
quency, intensity and duration of the PA levels declared
by the surveyed students, the respondents were classified
into groups characterized by low (L < 600 METs-min/
week), moderate (M < 1,500 METs-min/ week) and high
(H = 1,500 METs-min/week) levels of activity. Only
male students with moderate and high levels of PA
(energy expenditure over 600 METs per week) were cho-
sen for the study. All participants gave their written
informed consent to participate in the study

All participants visited a dry sauna during the same
time of day (between 8:00 and 10:00), in the same loca-
tion and over the same period of time to minimize the
effect of diurnal variation on the results (Valdez et al.,
2007). Every participant attended four sauna sessions
(temperature: 90°C; relative humidity: 14%—16%) of 12
min each, and remained in a sitting position during each
session. After every 12-min session, the students recov-
ered in a neutral room (temperature of 18°C and humidity
50%—55%) in a sitting position. Each of the four recovery
sessions lasted 6 min, during which the participants were
immersed in a paddling pool (pool width: 100 cm; pool
depth: 130 cm; water temperature: +10—11°C). Air tem-
perature and humidity inside the sauna cabin and the neu-
tral room, and the temperature of water in the paddling
pool were measured with the Voltcraft BL-20 TRH +
FM-200 hygrometer (Germany) and confirmed with the
Stalgast 620711 laser thermometer (Poland).

Blood for analysis was sampled from the median cubi-
tal vein. Body temperature was measured with a non-con-
tact laser thermometer (Stalgast 620711, Poland) before
blood sampling. Blood samples of around 10 ml each
were collected into vials with a clot activator. The serum
was separated from blood cells by centrifugation at 2000
rpm for 10 min. Serum hormone levels were determined.
The concentrations of the analyzed hormones were
assessed in the electro-chemiluminescence assay (ECLIA)
in the Cobas 6000 system with the E601 module (Roche
Diagnostics, Germany). Cortisol was separated from
endogenous binding proteins, and its concentration was
determined with a specific anti-cortisol polyclonal anti-
body (measurement range: 0.5 to 1750 nmol/L; expected
morning concentration between 7 and 10 a.m.: 19.4 g/
ml). Testosterone levels were determined in the competi-
tive ELISA test with a specific anti-testosterone monoclo-
nal antibody (measurement range: 0.069-52.00 nmol/L;
expected values: 2.85-8.02 ng/ml). The concentration of
PRL II was assayed in the competitive ELISA test with a
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Table |. Descriptive Statistics of Hormone Levels Before and After Sauna (N = 30).

Before sauna

After sauna Difference (B-A)

Hormones Mean SD Min—Max Mean SD Min—Max As t p
Testosterone (ng/ml) 4.04 I.11 2.03-597 -0.13 425 1.41 1.55-7.84 059 -0.628 ns
Cortisol (ug/ml) 13.61 4.38 450-1991 -042 9.67 3.30 3.95-16.76 038 6.03 <.00l
DHEA-S (pg/ml) 357.50 168.87 148.20-780.00 1.06 356.82 183.14 148.20-860.60 1.31  0.015 ns
Prolactin (ng/ml) 14.50 5.35 6.80-29.70  0.94 1371 7.05 3.90-33.30 098  0.487 ns
Note: ns, not significant.

specific anti-human prolactin monoclonal antibody (mea- ool level change = 3.5333 - 0.5453  level of cortsol

surement range: 1-10,000 ulU/mL; expected values: 5.0 6

— 20.0 ng/ml). The concentration of dehydroepiandros- N

terone (DHEA-S) was determined with a specific rabbit
anti-DHEA-S polyclonal antibody. Endogenous DHEA-S
and the DHEA-S derivative labeled with a ruthenium
complex compete for the binding sites on the antibody
(measurement range: 0.100-1000 pg/dL; expected values:
200-900 wdL).

Statistical Analysis

Basic descriptive statistics (mean, SD and range of varia-
tion) were calculated for each of the four hormones, and
the normality of distribution (asymmetry coefficient) was
examined. All tested parameters had normal distribution,
and the Student’s #-test for dependent samples was used
to assess the significance of differences between the
arithmetic means of hormone levels before and after
sauna. The relationships between the studied variables
were assessed by calculating Pearson’s correlation coef-
ficient 7. The calculations were performed using Statistica
ver. 10 software at a significance level of o = 0.05.

Results

The average MET was determined at 1487.73 = 184.72
(1190-1782), which is indicative of moderate PA levels.
In the group of the examined volunteers, 19 participants
were characterized by moderate PA levels and 11 partici-
pants—by high PA levels.

A significant (p < .001) decrease in serum COR levels
(from 13.61 to 9.67 pg/ml) was noted during four 12-min
sauna sessions separated by four 6-min breaks. No sig-
nificant changes were observed in the concentrations of
the remaining hormones (Table 1).

An analysis of the relationship between baseline COR
levels and post-sauna concentrations of this hormone pro-
duced interesting results (Fig. 1). The correlation coeffi-
cient (—0.673) demonstrated that these parameters were
bound by a significant (p < .001) negative correlation,
which indicates that the higher the baseline COR level,

Cortisol level changes

Cortisol level [pg/ml]

Figure |. Correlation diagram of changes in cortisol levels
before and during sauna.

the greater the decrease in COR concentrations after
sauna. After the sauna treatment, a very small decrease in
COR concentrations was noted in men with very low
baseline COR levels, and a minor increase or no change
in COR concentrations were observed in four subjects.

The relationships between different hormone concen-
trations before and after sauna and changes in these rela-
tionships in view of the participants’ PA levels (expressed
in MET units) are presented in Table 2. Men with higher
PA levels were characterized by significantly higher TES
concentrations both before and after sauna. No signifi-
cant relationships were found for the remaining hormones
(COR, PRL, and DHEA-S) or their changes during the
sauna treatment.

Discussion

The present study revealed two interesting phenomena in
the examined men. Firstly, an analysis of men character-
ized by moderate and high PA levels demonstrated that
the latter had significantly higher serum TES concentra-
tions. According to Foss and Keteyian (1997), TES con-
centrations increase with the duration of physical effort,
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Table 2. Correlation Coefficients of Hormone Levels Before and After sauna, Changes in Hormone Levels During the Sauna

Bath, and MET Values.

After sauna Changes during sauna

Hormones Before sauna
Testosterone (ng/ml) r .83

b <.001
Cortisol (pg/ml) r -.03

p ns
DHEA-S (pg/ml) r -.07

p ns
Prolactin (ng/ml) r .06

p ns

.58 -13
.001 ns
-32 -.26
ns ns
-.10 -1l
ns ns
-.02 -.08
ns ns

Note: ns, not significant.

but training-induced changes in TES levels have not been
fully elucidated. A highly significant increase in mean
plasma TES (21%) was observed during 6 months of
physical training, and it was associated with a mean 16%
increase in the estimated maximal oxygen uptake. In a
study by Remes et al. (1979), the mean increase in hor-
mone levels tended to be greater in the well-conditioned
group than in the poorly conditioned group of army
recruits. Significant differences in TES concentrations
were also reported by Ari et al. (2004) between men who
exercised regularly (8.3 = 1.3 ng/mL) and the control
group of sedentary males (5.4 = 1.7 ng/mL). In men, the
increase in TES is particularly important for resistance-
induced adaptations (Vingren et al., 2010), but a very
high and rapid increase in serum TES and COR levels
was reported immediately after high-intensity endurance
exercise (Kreamer et al., 1995). Rissanen et al. (2019)
investigated acute neuromuscular and hormonal responses
to endurance, strength, and combined endurance and
strength exercise, followed by a 30-minute session in a
traditional sauna bath (70° C, 18% relative humidity), and
their effects on neuromuscular performance and serum
hormone concentrations (TES, COR and growth hor-
mone - GH,,, ;). They found that high-intensity strength
exercise followed by sauna exerted a greater strain on
neuromuscular performance than high-intensity endur-
ance exercise or combined endurance and strength exer-
cise followed by sauna. Serum COR, TES, and GH,,,,
levels increased after high-intensity exercise, but further
changes in hormone concentrations were not observed at
the end of the sauna session (Rissanen et al., 2019).
Testosterone is associated with multiple physiological
functions in the human body. In males, TES is produced
and secreted mainly by the Leydig cells of the testes
(Brownlee et al., 2005). In physically active individuals,
TES is especially important for the growth and mainte-
nance of skeletal muscles, bones, and red blood cells
(Zitzmann & Nieschlag, 2001). Plasma TES concentra-
tions during the sauna bath did not change in the studies

conducted by Leppiluoto et al. (1986) and Kukkonen-
Harjula et al. (1989). In turn, Kukkonen-Harjula and
Kauppinen (1988) demonstrated sauna-induced changes
in TES secretion. Testosterone plays a key role in trigger-
ing and maintaining sexual functions in males, and there
is no scientific evidence to indicate that regular sauna
bathing reduces male fertility (Kukkonen-Harjula &
Kauppinen, 2006).

The current study investigated the mutual interactions
between TES and COR. Similarly to COR, TES increases
linearly in response to exercise stress once a specific
intensity threshold is reached, and its levels generally
peak at the end of exercise (Wilkerson et al., 1980).
Testosterone and COR levels can increase significantly
even during low intensity exercise that is sufficiently pro-
longed (Brownlee et al., 2005; Véinénen et al., 2002).
COR is a catabolic hormone that is secreted by the adre-
nal cortex in response to physiological stress. While COR
increases during exercise, most of the changes and effects
associated with this hormone occur after exercise in the
early recovery phase (Daly et al., 2005). Cortisol affects
metabolism by maintaining blood glucose levels at a suf-
ficiently high level during physiological stress. Cortisol
exerts this effect by mobilizing amino acids and lipids in
skeletal muscles and adipose tissue (Galbo, 2001).
Previous research revealed a negative relationship
between COR and TES under certain circumstances.
Cumming et al. (1983) reported that an increase in the
pharmacological doses of COR decreased TES produc-
tion in humans. Nindl et al. (2001), Daly et al. (2005) and
Brownlee et al. (2005) confirmed the presence of a rela-
tionship between COR and TES during sample recovery,
which could suggest that a critical concentration of COR
has to be achieved in order to substantially influence cir-
culating TES levels. The present study did not reveal any
interactions between TES and COR. Serum COR levels
decreased significantly, whereas a significant increase in
TES was not observed during repeated thermal stress and
cold water immersion. A greater decrease in serum COR
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was noted in men with higher baseline COR levels,
whereas the decrease observed in men with lower base-
line COR levels was significantly smaller. The above
could indicate that intermittent exposure to hot and cold
stress partially stabilizes blood COR levels and alleviates
stress in men who are regular sauna users. In research
dedicated to thermal stress, COR levels remained
unchanged in the experiments performed by Latikainen
et al. (1988) and Jokinen et al. (1991); they decreased by
10%—40% in the work of Leppéluoto et al. (1986) and
Kukkonen-Harjula et al. (1989), and increased 1.5- to
3-fold in the highest number of published studies (Jezova
et al., 1994; Kauppinen et al., 1989; Kukkonen-Harjula
et al., 1989; Pilch et al., 2003, 2007, 2013; Vescovi et al.,
1997). In the current study, COR levels decreased during
repeated hot and cold treatment, which contradicts the
results reported by Kauppinen et al. (1989) who observed
an increase in COR concentrations during combined
sauna treatment, in particular with ice-water immersion.
Cooling parameters were not described in detail by the
cited authors. In the present study, a significant decrease
in COR levels could suggest that users who regularly use
the sauna (twice a week) are accustomed to extreme
changes in temperature. It should be noted that the tem-
perature of the paddling pool was 10-11°C. Other studies
demonstrated a less significant increase in COR levels in
young women on day 14 of daily sauna use, which sug-
gests that the body becomes familiarized with a hot envi-
ronment (Pilch et al., 2003, 2007). An increase in COR
concentrations is considered a sensitive indicator of a
stress reaction and intolerance of heat, which is most fre-
quently reported in infrequent or first-time sauna users
(Follenius et al., 1982).

Cumming et al. (1983) reported similar PRL concen-
trations to those noted in this study. The cited authors did
not observe significant changes in PRL levels during
physical stress. In most studies investigating the effects
of sauna on the hormonal system, PRL levels increased
2- to 10-fold (Jezova et al., 1994; Jokinen et al., 1991;
Kukkonen-Harjula et al., 1989; Latikainen et al., 1988;
Leppéluoto et al., 1986; Sirvio et al., 1987 Vescovi et al.,
1990, 1992). The influence of thermal stress on changes
in DHEA-S concentrations has not been studied to date.
DHEA-S sulfate plays a key role in stimulating TES
secretion. In the present study, only a non-significant
increase in TESe levels was observed. A DHEA-S defi-
ciency can be manifested by low energy and increased
sensitivity to thermal pain (Yamamotova et al., 2012).
DHEA-S levels in the blood decrease with age, which is
why this compound is referred to as the youth hormone.

Study Limitations

This study has several limitations. The relationships in
subgroups (with different PA levels) could not be broadly

assessed due the limited number of participants in each
subgroup. The results could not be extrapolated to
women. A reference group of men with no history of
sauna use was not available. Therefore, further research is
needed to confirm the effects of repeated sauna-induced
thermal stress on specific hormones and the relationships
between different hormones (such as the T/C ratio). The
mechanisms underlying these responses should be inves-
tigated in greater detail in a larger population involving
both sexes and a higher number of sauna sessions.

Conclusions

In young men, TES concentrations increase significantly
with increasing PA levels, whereas such relationships are
not observed in the concentrations of COR, PRL, or
DHEA-S. Repeated exposure to hot and cold thermal
stress significantly decreases COR levels in young men
who are regular sauna users, but it does not induce sig-
nificant changes in the concentrations of TES, PRL, or
DHEA-S. A decrease in serum COR levels could indicate
that sauna therapy combined with cold water immersion
has a relaxing effect on men.
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