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Abstract. The aim of the present study was to compare basic physiological, 

biochemical, and hormonal reactions in women who prior to the study had never 

had a sauna and who were subjected to a single or multiple (i.e., applied repeatedly 

over two weeks) thermal stress in a Finnish sauna and to evaluate these reactions 

in relation to the duration of the stress. Twenty healthy women tested in the 

present investigation were divided into two groups, each group having a sauna 

every two days for two weeks (i.e., seven exposures in total). The subjects from 

the first group bathed continuously for 30 min, while those from the second group 

bathed for 45 min with a five-min cooling break in the middle of the bath. The 

temperature and relative humidity in the sauna equalled to 80ºC and 5-27%, 

respectively. All the physiological and biochemical tests were performed on the 

first and 14th days of the experiment both before and after the thermal exposure. 

The results indicate that the exposures to thermal stress led to reduction in the 

body mass which was more pronounced in group 2 (p<0.005) and to elevation of 

the tympanal temperature (Tty) which, in both groups, was smaller after the last 

visit to the sauna. The first bath in the sauna stimulated the heart rate (HR) to a 

similar extent in both groups of the subjects but after the last bath HR was 

significantly lower in group 2 (p<0.005). Enhanced secretion of the stress 

hormones (i.e., human growth hormone [hGH], corticotropin [ACTH] and cortisol) 

after the last bath in the sauna was less pronounced in group 2, whereas in group 1 

the rates of elevation of hGH and ACTH were higher after the last than after the 

first visit to the sauna. In turn, stimulation of the production of hGH following the 

first sauna was significantly more pronounced (p<0.005) in group 2 than in group 

1. Similar statistical difference was noted between the two groups with respect to 

changes in the concentration of TSH. Overall, the obtained results indicate that the 

30-min continuous sauna bath is a greater stress for the organism than the 45-min 
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bath with a 5-min break for cooling. The smaller elevations in the body 

temperature, HR, and serum levels of hGH, ACTH, and cortisol detected after the 

last sauna bath in women from group 2 suggest that in these subjects adaptive 

changes to thermal stress were more favourable than in those from group 1. 

(Biol.Sport 24:357-373, 2007) 

 

 

Key words: Thermoregulation – Sauna – Hormones - Cardiovascular system 

 

 

Introduction 

 

 A bath in a Finish sauna may lead to a series of endocrinological changes in the 

organism of the type of the alarm reaction which are especially intense in non-

adapted subjects. A common underlying mechanism of the response to a variety of 

stress-inducing factors, including thermal stress, is activation of the hypothalamo-

hypophysial-adrenal and sympatho-adrenal axes [15,21]. 

 Activation of the sympatho-adrenal system stimulates sweat production, 

increases cardiac output, and reduces visceral circulation of the blood enabling the 

enhanced loss of heat through perspiration and stimulated blood flow in the skin. 

Various physical stimuli, including thermal load, boost hypothalamic cells to 

produce increased amounts of the corticotropin-releasing factor (CRF) which, in 

turn, triggers the synthesis and secretion of the adrenocorticotropic hormone 

(ACTH). The enhanced secretion of ACTH also results from the stress- and 

dehydration-induced production of vasopressin (ADH) [1]. Corticosteroids, of 

which the most important is cortisol, are primarily active in protecting against 

stress which makes them necessary for the organism to sustain life functions, 

counter disturbances of the internal homeostasis, and ensure survival in adverse 

environmental conditions (such as cold or high temperature). 

 Another substance induced by thermal stress is the growth hormone (hGH). Its 

synthesis depends on such factors as age, sex, body composition, and the level of 

physical activity [18,20]. The release of hGH is enhanced by physical exercise and 

stress of various character [20]. Passive heating of the organism stimulates 

secretion of this hormone to a greater extent than does elevation of the body 

temperature induced by physical activity, possibly because stress associated with 

artificial heating is more pronounced than that caused by exercising [20]. 

Physiological and endocrinological consequences of single and/or recurrent 

thermal exposures in a sauna have been extensively studied by Finnish authors 

[13,14,15,16,17,18]. However, two important issues have not been addressed in 
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their studies. Firstly, the experiments were carried out in volunteers accustomed to 

a sauna from the early childhood. Indeed, in several reports by non-scandinavian 

authors [11,12] a variety of physiological, endocrine, and biochemical reactions 

triggered by the sauna-induced thermal stress have not been dealt with in a 

comprehensive manner. Secondly, most of the studies have been conducted in 

males or in groups composed of both sexes without taking into consideration the 

differences in the thermal regulation between men and women. 

 In view of the above, the aim of the present investigation was to evaluate basic 

physiological, biochemical, and hormonal reactions in women who, prior to the 

study, never had a sauna and who, in the course of the study, were exposed to a 

single or multiple (i.e., repeated over a period of two weeks) thermal stress caused 

by a bath in a Finnish sauna. We also estimated the intensity of these reactions 

relative to the duration of the thermal exposure, assuming that a short cooling break 

during the sauna should mitigate the effect(s) of the thermal load to the organism. 

 

Materials and Methods 

 

 Subjects: Twenty healthy (as confirmed by the medical examination) female 

volunteers, aged 19-21 years, were chosen from among the first and second year 

non-smoking students of the Cracow University School of Physical Education who 

did no sport and prior to the study had never had a sauna. The students were 

regarded as fit for the investigation based on the interview indicating no menstrual 

disturbances and use of contraceptives. The experiment began when the subjects 

were in their first, i.e., follicular phase (i.e. on the 4
th
-5

th
 day) of the menstrual 

cycle. The design of the investigation has been approved by the Ethical Committee 

of the Medical University in Krakow and the informed consent was obtained in 

writing from all the subjects. 

 Experimental design:  The students were divided into two groups, ten subjects 

per group. The students from group 1 had a 30-min Finnish sauna every second 

morning for 14 days (i.e., seven baths in total); while in the sauna, the subjects 

were reclining. The subjects from group 2 were similarly exposed to the sauna but, 

in this case, the thermal exposure lasted twice for 20 min (40 min total) with a 5-

min break for a cold (20-22ºC) 2-min shower and a 3-min rest in a recumbent 

position. The average temperature and relative humidity in the sauna measured at 

1.5 m above the floor level equalled to 80ºC and 5-27%, respectively. 

 Methods of the measurements: Estimations of all the physiological and 

biochemical parameters were carried out on the first and 14th days of the 

experiment both before and after the thermal exposure. On these days the tested 
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subjects entered the experiment with an empty stomach after the overnight rest. 

The last food and drink were taken by the subjects by 10 p.m. of the preceding day. 

 The heart rate (HR) and arterial blood pressure were determined palpably and 

with use of a mercury sphygmomanometer, respectively. The rectal (Tre) and 

tympanal (Tty) temperatures were monitored within an accuracy of one tenth of a 

degree using an electro-thermometer (Ellab, Denmark). The body weight (BW) 

was measured with use of a digital scale (Sartorius). For biochemical analyses, the 

ten-milliliter blood samples were collected from the skin veins on the front ulnar 

area of the reclining subject ten min before and five min after having a sauna. The 

haematocrit (Hct) and hemoglobin concentration (Hb) were estimated using the 

micro-haematocrit and Drabkin methods, respectively. From the changes in Hct 

and Hb alterations in the plasma volume (%Δ PV) were calculated according to the 

Dill & Costill formula as follows: 

 

%Δ PV = 100 * {(Hb1/Hb2) * [100 - (Hct2 * 0.874)] / [100-(Hct1 * 0.874)] - 1} 

 

where Hb1 (g/dl) and Hct1 (%) are the initial values, Hb2 (g/dl) and Hct2 (%) are the 

final values. Hct was multiplied by 0.96 and 0.91, i.e. the correction coefficients 

for the trapped plasma and peripheral blood, respectively. 

 The following hormones affecting the general metabolism were estimated in the 

serum as indicated below: 

- TSH  (thyroid-stimulating hormone) – with the radioimmunological method using 

the Spectria TSH IRMA [
125

I] Kit (Orion Diagnostica, Finland), 

- T3 (triiodothyronine) – with the radioimmunological method using the OPiDI 

RIA-T3 Kit (Dept. of Radioimmunology, OPiDI, Swierk, Poland), 

- T4 (thyroxine) – with the radioimmunological method using the OPiDI RIA-T4 

Kit (Dept. of Radioimmunology, OPiDI, Swierk, Poland), 

- hGH  (human growth hormone) – with the radioimmunological method using the 

OPiDI RIA-HGH Kit (Dept. of Radioimmunology, OPiDI, Swierk, Poland), 

- ACTH (adrenocorticotropic hormone, corticotropin) – with the 

radioimmunological method using the ACTHK-PR Kit (CIS bio International, 

France), 

- Cortisol (hormone of the adrenal cortex) - with the radioimmunological method 

using the Cortisol [
125

I] Radioimmunoassay Kit (Orion Diagnostica, Finland). 

 

 Levels of the hormones estimated after the sauna were corrected for the 

decreased plasma volume (%ΔPV). 
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 Statistical analysis: The estimated values were presented as means ± SD. 

Statistical significance of the differences within the same group of subjects was 

assessed using the Wilcoxon test for two dependent groups. Comparison of the 

mean values of the parameters obtained in different groups of the subjects was 

performed using the analysis of variance (ANOVA) and the significance of 

differences between the mean values was assessed post hoc using the Wilcoxon test 

for independent groups. In all the analyses, p values less than 0.05 were regarded 

as statistically significant. 

 

Results 

 

 General anthropometric characteristics of the tested women are presented in 

Table 1. Comparison of the examined anthropometric indices between groups 1 

and 2 allows for the assumption that the tested subjects did not differ with respect 

to physical makeup and composition of the body and could be regarded as slim for 

their age.  

 

Table 1 

General characteristics of the tested female athletes 

 

Parameter Group 1 Group 2 

 

Age (years) 

min max mean SD min max mean SD 

 19  21 19.8 0.92   19 20  19.8 0.42 

Body height (cm) 158 173 163.9 4.72 154 175 165.8 6.46 

Body mass (kg) 49.36 66.56 58.36 5.81 50.88 69.10 60.03 6.67 

BMI (kg/m
2
) 19.28 24.45 21.7 1.62 19.39 26.01 21.82 1.93 

Body surface (m
2
)  1.49   1.79   1.63 0.10 1.50  1.80 1.67 0.12 

Body density (g/mm
3
)  0.96   1.05   1.04 0.03 1.04  1.05 1.04 0.004 

Fat (%) 15.22 30.49 23.18 4.61 20.94 26.28 23.89 2.13 

FM (kg) 9.2 20.24 13.61 3.59 10.87 16.83 14.34 1.88 

LBM (kg) 38.91 51.25 44.75 4.32 37.51 52.52 45.69 4.97 
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 Changes of the physiological indices estimated after the exposure to heating in 

the sauna are shown in Table 2. As indicated, in subjects from group 2 who were 

exposed to the heat stress 10 min longer than those from group 1 loss of the body 

mass was more pronounced. Noteworthy, in both groups of the subjects reduction 

in the body mass detected after the last bath in the sauna did not significantly differ 

from that estimated following the first thermal exposure. 

 Upon entering the sauna the tested women always had normal rectal and 

tympanal temperature. The average Tre and Tty detected before the seventh visit to 

the sauna, i.e. at the luteal phase of the menstrual cycle, were similar to those 

registered before the first sauna. In all the cases increments of the temperatures 

were statistically significant (p<0.005). In both groups of the subjects the thermal 

exposure led to increase in the systolic blood pressure (Table 2), although the 

elevation was more pronounced (p<0.005) in group 1 than in group 2. Heating of 

the organism during the first and seventh sauna resulted in reduction of the 

diastolic blood pressure in both of the tested groups (Table 2). 

 Compared to group 2, more pronounced (p<0.005) losses of the blood plasma 

(Table 2) were detected in subjects from group 1 after both the first and the last 

thermal exposures in the sauna. 

 Initial levels and the single or repeated thermal stress-induced changes in the 

concentrations of the tested hormones in subjects from groups 1 and 2 are 

presented in Table 3. The baseline levels of the hormones in all the subjects 

remained within normal clinical and laboratory values, whereas after the thermal 

exposures the concentrations not always stayed within the physiological ranges. 

The significant decrease (p<0.01) of the THS level was detected only in subjects 

from group 1 after their last visit to the sauna, but changes of the concentration of 

this hormone during the 30-min sauna were markedly different (p<0.05) from those 

recorded in group 2. The significant (p<0.05) reductions of the levels of T3 and T4 

after the last sauna were found in group 2 and 1, respectively. The concentrations 

of hGH, ACTH, and cortisol were significantly elevated after the single and 

repeated visits to the sauna. Increases of the hGH level after the first bath were in 

group 1 significantly (p<0.05) different from those detected in group 2. In subjects 

from the former group elevations of ACTH after the last sauna were markedly 

(p<0.05) more pronounced compared to those from the latter group. In both groups 

concentrations of cortisol significantly (p<0.01) increased after the first and the last 

bath in the sauna. 
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Disscussion 

 

 The average loss of the body mass in women examined in the present 

investigation was less pronounced than that detected during a similar investigation 

in men [28] as well as that recorded in men by the Finnish authors [17,18]. This 

discrepancy may be explained by a lower water content and a thicker subcutaneous 

fat layer in the woman’s compared to the man’s body. As a result, in women 

exposed to the elevated ambient temperature perspiration begins later and its 

quantity and intensity are markedly lower than in men.  

 Prolonged exposure to the elevated ambient temperature results in the 

accumulation of heat in the body irrespectively of the effectiveness of the 

thermoregulatory mechanisms. This is reflected by the gradual elevation of the 

internal body temperature. In the present investigation, rectal and tympanal 

temperatures increased in the subjects from the two tested groups during their first 

and seventh visits to the sauna. However, elevation of the tympanal temperature in 

group 2 was less pronounced than that recorded in group 1, probably owing to the 

cooling of the body during the break in the thermal exposure applied in the former 

case. In both of the tested groups increases of the rectal and tympanal temperatures 

were less pronounced during the last than during the first thermal exposure. This 

may be explained by the improved response of the organism to heating as a result 

of adaptation to the recurrent visits to the sauna over a period of two weeks. These 

observations corroborate the findings of other authors who detected elevations by 

1.3º C of the rectal temperature in men and women exposed to a 30-min sauna bath 

[12]. Likewise, other authors [30] reported that in men average Tre increased by 

1.78 and 1.33ºC after the first and the seventh 30-min sauna, respectively. In 

women tested in the present study elevations of the body temperatures were 

slightly less pronounced than in men examined by the above-mentioned authors. 

This finding appears to contradict the general assumption that thermoregulation is 

less efficient in women (due to the lower perspiration capacity and blood flow 

through the skin) than in men exposed to the same ambient temperature [20]. 

Indeed, thermoregulatory mechanisms of the female organism appear to be more 

complex and less well recognized than in males [9,26]. In the present investigation, 

increases of Tre and Tty were always less pronounced in women from group 2 who 

were longer (40 min. in total) exposed to the thermal stress than the subjects from 

group 1, but who entertained the 5-min-break for cooling of the body. In fact, as 

indicated by Laatikainen et al. [14], temperature of the body quickly decreases 

within four to five min of a cooling bath or shower. 
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 The average tympanal temperature determined before the first sauna in all the 

examined women who were in the follicular phase of the menstrual cycle was 

lower than their average rectal temperature. Similar initial values of the tympanal 

and rectal temperatures as well as the same relation (Tty < Tre) between these 

values were reported for both men and women by Palat et al. [22]. The initial Tty 

detected in the present study was similar to that recorded by Frascarolo et al. [7] in 

female subjects in their follicular phase. The average values of Tty and Tre 

determined in the present investigation before the seventh sauna applied during the 

luteal phase of the menstrual cycle did not differ from those recorded at the 

beginning of the experiment. As described by Stephenson and Kolka [26], and as 

confirmed by Frascarolo et al. [7] with respect to Tty, internal body temperature 

during the luteal phase is usually by 0.4ºC higher than in the follicular phase. This 

elevated body temperature at rest during the luteal phase results from the shift to a 

higher level of the thermostat of the biological thermoregulation set point [7]. In 

the present study, the lack of differences between the temperatures at rest in the 

luteal and follicular phases may be explained by the possible temporary 

disturbances of the menstrual cycle in the examined women (such as delayed 

ovulation or the anovular cycle) caused by the repeated thermal stress. As shown 

by Leppäluoto et al. [16], women exposed for seven days to a sauna exhibited two- 

to five-week delays of their menstrual cycle. As indicated previously by the 

Finnish authors [13,14,17] and by Pilch et al. [24], disorders of the ovulation in 

women subjected to thermal stress in a sauna may result from hyperprolactinaemia. 

Dysmenorrhoea may also be related to the thermal-stress-induced elevated 

secretion of beta-endorphins [14]. 

 An interesting observation of the present study was the higher increase in Tty 

compared to Tre in women from the two examined groups after both the first and 

seventh thermal exposures. Apparently, this observation comes into conflict with 

the notion of the selective brain cooling (SBC) according to which Tty (regarded as 

the closest approximation of the brain temperature) during hyperthermia is lower 

than other temperatures (e.g. rectal or esophageal) measured inside the body [2]. 

Indeed, as reported by Deklunder et al. [4], overheating of a man’s body by 

immersion in water of the ascending temperature led to a higher increase of Tre 

compared to Tty. In this case, however, two issues should be considered. Firstly, 

the head of the examined subject was above the water surface and thus was not 

directly heated. Secondly, the skin of the subject’s head was cooled by the 

surrounding air of the lower temperature than that of the water. In a sauna, 

however, thermal conditions are markedly different. Hence, the SBC concept does 

not seem applicable to the whole body heating in a sauna. 
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 In the present study, the 30-min bath in the sauna led to elevation of the heart 

rate up to 122 beats per min. Similar stimulation (up to 118 beats per min) was 

noted in the subjects from group 2 at the end of the 45-min sauna. These results do 

not generally differ from those reported by other authors for men and women who 

prior to the examination had never bathed in a sauna [11,28]. 

 As a result of the repeated over two weeks visits to the sauna, the increased 

heart rate of the subjects from the two examined groups was significantly lower 

during the last compared to the first bath. Similar phenomenon was reported by 

others in individuals repeatedly exposed to a sauna even if they had earlier had 

such baths [28]. The herein demonstrated less pronounced elevation of the heart 

rate after the last thermal exposure in the sauna attests to the adaptation of the 

organisms to the elevated ambient temperature. 

 A single (first) heat exposure in the sauna during the 30- or 40-min bath led to 

the statistically significant increase in the systolic accompanied by the reduction of 

the diastolic blood pressure in the subjects from the two examined groups. Similar 

alterations of the systolic pressure were previously reported by other authors 

[17,19]. However, a few reports have demonstrated no elevation or even a decrease 

in the systolic blood pressure as a result of the visit to a sauna [19]. The systolic 

blood pressure tends to increase during the bath in a sauna as a result of activation 

of the adrenergic system and elevation of the heart’s stroke volume [19]. However, 

the sauna-induced reduction by approximately 40% of the peripheral vascular 

resistance due to dilatation and decreased tension of peripheral vessels as well as 

opening of the arteriovenous junctions tones up the arterial blood pressure and 

reduces the diastolic pressure [17,18,19,30].  

 In the present study, the systolic and diastolic blood pressure measured at rest 

before entering the sauna did not differ from that recorded after the baths repeated 

over two weeks. Likewise, no differences in the arterial pressure were detected 

between the measurements taken after the last and first visits to the sauna. Similar 

lack of changes in blood pressure after seven visits to a sauna were described by 

other authors in men [18]. However, there are also reports indicating that sauna 

baths lead to a beneficial lowering of the systolic blood pressure in patients with 

arterial hypertension and those with a history of myocardial infraction [19,23]. 

 In the present experiment the baths in the sauna led to a moderate reduction of 

the arterial pressure in subjects from the two examined groups. This observation 

corroborates the findings of other investigators [30] although in some studies [19] 

no changes have been demonstrated in the mean blood pressure of patients with 

moderate (I-IIº according to WHO) arterial hypertension after their single and 

repeated visits to a sauna. 
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 After both the first and the last thermal exposure the heat-induced dehydration 

of the organism reduced the plasma volume in subjects from group 1 to a greater 

extent than in those from group 2 (p<0.005). Noteworthy, the decreased plasma 

volume in subjects from the latter group was less pronounced than in the subjects 

from the former group even though the body mass losses were similar in both 

groups of the subjects. Presumably, these differences resulted from the cooling of 

the body of the subjects from group 2 during the break between the two 20-min 

thermal exposures. Indeed, it was demonstrated that cooling followed by heating of 

the organism results in haemodilution rather than haemoconcentration (10). Thus, 

the effect of haemoconcentration caused by the heating-induced perspiration during 

the first 20 min of the bath was presumably mitigated by cooling of the body 

followed by yet another heat treatment. 

 In the present investigation, two interesting phenomena have been detected in 

the examined women. Firstly, based on the observations made in men subjected to 

various acclimatisation programs [4], one should expect the plasma volume to 

elevate following the repeated over the two-week period thermal exposures in a 

sauna. In the present experiment, however, no such effect was found in women 

repeatedly exposed to the sauna. Presumably, this discrepancy results form the 

overlap of the heating- and the menstrual cycle-associated changes of the plasma 

volume in women in whom the latter alterations are caused by different levels of 

hormones regulating the plasma and peripheral blood volumes relative to the phase 

of the cycle. In fact, at the end of the present experiment all the examined subjects 

were in their luteal phase during which, as demonstrated by Stephenosn and Kolka 

[26], plasma volume is smaller than that during the follicular phase. Secondly, 

larger decreases of the plasma volume were detected in subjects from both the 

examined groups after their seventh as compared to the first visit to the sauna. 

Similar differences in changes of the plasma volume were found by Stephenson & 

Kolka [26] in women subjected to passive heating during two different phases of 

the menstrual cycle. These authors suggested that the cycle may affect the 

dynamics of the hyperthermia-induced changes in the plasma volume leading to 

extravasation of the plasma during the luteal phase. 

 In the present experiment, the level of ACTH increased almost 3- and 2-fold in 

subjects from groups 1 and 2, respectively, as a result of their first bath in the 

sauna. After the thermal exposures repeated over two weeks, the concentrations of 

ACTH were still 4 and 1.5 times higher in groups 1 and 2, respectively, than the 

baseline level. Along with the results of other investigators, an interesting 

regularity can be seen: Scandinavian authors usually show a small, statistically 

insignificant, increase of ACTH after a single thermal exposure in a sauna [14,16], 
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whereas the Slovaks demonstrate a 2.5-4-fold increase in the secretion of this 

hormone [12,13]. This discrepancy is primarily due to the fact that the 

Scandinavians employed in their experiments the sauna-accustomed volunteers, 

whereas the subjects involved in our or Slovakian studies were not used to such a 

bathing.  

  One of the endpoints of activation of the hypothalamo-hypophysial-adrenal 

axis, regarded as the primary mechanism of the alarm reaction in the body, is the 

cortisol release to the blood stream. In the present study, the serum cortisol level 

increased to a comparable extent in women from both the examined groups. 

Secretion of the hormone following the first visit to the sauna was more 

pronounced (almost 2-fold greater than baseline) than after the seventh sauna at the 

end of the two-week experiment indicating that the first bath was more stressful for 

the subjects than the last one. The lower increment of the concentration of cortisol - 

a sensitive marker of the level of the endured stress and heat intolerance [6] - after 

the last bath indicates that females from the two examined groups were adapted to 

the applied thermal stress. However, the results of studies on the hyperthermia-

induced changes in the cortisol level are quite inconsistent. In most cases, it has 

been reported that the blood cortisol is not elevated or even decreased at the end of 

a sauna bath [1,13,14,30]. Such observations have been reported in subjects 

accustomed to a sauna or in those who, prior to the test, had several times bathed in 

a sauna. It is noteworthy that, in spite of the results of Follenius et al. [6] who 

demonstrated that cortisol is a sensitive indicator of the thermal stress and heat 

tolerance, the threshold rectal temperature for the markedly enhanced secretion of 

this hormone is 38ºC. In the present study, unlike in the above cited investigations 

in which rectal temperature was measured, Tre exceeded this value at the end of 

the visit to the sauna. Moreover, the elevated secretion of cortisol detected in the 

present experiment may be explained by the worse toleration of thermal stress in 

women compared to men. Interestingly, Jeţova [11] found that during a thermal 

exposure in a sauna the blood plasma cortisol may decrease but then, 15 min after 

completion of the bath, increases up to 2-fold in both men and women. Likewise, a 

delayed, even though less pronounced, elevation of the cortisol secretion was 

demonstrated in women who had regularly, once or twice a week, visited a sauna 

[14]. 

 The same factors that stimulate the stress-induced release of ACTH also spur 

the secretion of hGH [21]. In the present study, the serum concentrations of the 

latter hormone increased 2-fold in the subjects from group 1 and even more in the 

subjects from group 2 after both the first and the last sauna baths. Enhanced 

secretion of hGH following a single as well as multiple thermal exposures in a 
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sauna was reported by numerous authors [5,16,28]. However, in young subjects of 

the same age as the women from the present study, the hGH concentration after 

having a sauna increased to a various extent. Markedly higher elevations (from 

several- to 16-fold) were found in similar studies in men [18,28]. In males aged 50-

66 years the increase was modest and statistically insignificant [18]. Apart from the 

enhanced secretion by the hypothalamus of the hGH-releasing hormone, 

stimulation of the central adrenergic system, dehydration, increased secretion of 

vasopressin and prolactin [11,17,25], as well as increased internal temperature [3] 

have all been suggested as possible underlying mechanisms responsible for the 

hyperthermia-induced elevation of hGH; the last relation, however, was not 

confirmed by the results of Doré et al. [5]. 

 Regulation of the activity of the thyroid gland during thermal stress, including 

repeated exposures to heat, is very complex and not well recognized in humans. It 

is believed that functioning of the TSH-thyroid axis is very important for 

modulation of the activity of the thermoregulatory centres. The results of animal 

studies suggest that release of TSH is inhibited during stress. This effect is 

associated with the effect of glucocorticoids on the hypophysis and/or 

hypothalamus as well as with the enhanced activity of the sympathetic system and 

the adrenergic inhibition [21,27]. The reports on the level of TSH and thyroid 

hormones in blood serum after single and repeated thermal exposures in a sauna 

are not consistent and sometimes even contradict each other. For example, 

Leppäluoto et al. [16,17] found no significant changes in the release of TSH and 

thyroid hormones after both single and repeated for seven days thermal exposures 

in a sauna. Similar results were obtained by Szyguła et al. [28]. However, other 

reports showed that although no significant changes in the level of TSH could be 

detected concentrations of T3 and T4 in the blood serum were elevated after several 

visits to a sauna [18]. 

 In the present experiment, no marked changes in the concentration of TSH were 

demonstrated in both the examined groups of the subjects after the single and/or 

repeated thermal exposures in the sauna. Likewise, no significant alterations in the 

levels of T3 and T4 were found, except for the slight but significant increase of the 

T3 level in the subjects from group 1 after their first bath in the sauna These results 

basically corroborate the general theory of the changes in the secretion of TSH and 

thyroid hormones after single and multiple passive heating of the organism. 

Apparently, the hypothalamic-thyroid axis does not play a major role in the 

thermoregulation processes in people exposed to elevated ambient temperature. In 

contrast, the hormones of this axis act as essential thermoregulatory factors in 
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small animals exposed to the elevated ambient temperature and in people exposed 

to cold.  

 

Conclusions 

 

 From the obtained results of the measurements and the comparisons thereof the 

following conclusions can be drawn: 

1. The less pronounced elevations of the rectal and tympanal temperatures as well 

as the smaller increases of the heart rate after the last sauna indicate that the 

examined subjects adapted to the elevated ambient temperature. 

2. The lower increase of the tympanal temperature in subjects from group 2 as 

compared to those from group 1 suggests that a 40-min sauna with a break for 

cooling constitutes a smaller thermal load than a 30-min non-stop sauna. 

3. The more pronounced reduction of the blood plasma volume in subjects from 

the two examined groups after the seventh compared to the first sauna bath may be 

related to the adaptive changes in the thermoregulatory system. 

4. Thermal stress in a sauna stimulates the hypothalamic-hypophysial-adrenal axis 

resulting in elevation of the serum ACTH and cortisol levels. However, elevation 

of the latter hormone after the last bath was markedly lower than that after the first 

bath, indicating that the subjects’ organisms adapted to the stressful thermal 

conditions. 

5. Both single and repeated thermal exposures in the sauna lead to the rapidly 

increased secretion of the growth hormone, the effect presumably related to the 

central adrenergic stimulation, dehydration, and enhanced secretion of vasopressin. 

6. As suggested by the more pronounced increases of the serum concentrations of 

ACTH and hGH after the 30-min continuous sauna compared to the 40-min sauna 

interspersed with a cooling brake, the former thermal exposure was a more 

stressful experience for the young women than the latter one.  
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