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Abstract 

 
Sauna bath brings about numerous acute changes in hormone levels, partly akin 

to other stressful situations, partly specific for sauna. Norepinephrine increases 

in those accustomed to sauna bath. Sweating increases the production of 

antidiuretic hormone, and the renin-angiotensin system becomes activated. Of 

the anterior pituitary hormones, growth hormone (GH) and prolactin (PRL) 

secretion is increased. Also β-endorphin has been frequently reported to 

increase, whereas the responses of ACTH and cortisol are variable, probably 

depending on the type of sauna exposure. Sperm production decreases in 

particular in sauna-naïve men, but reduced fertility has not been associated with 

regular sauna habits. Minor sex differences exist, the hormonal responses being 

somewhat greater in women. Sauna-naïve women may experience mild 

disturbances in menstrual cycle, but no effects of fertility have been reported. 

The hormone responses are short-lived, normalizing soon after sauna exposure 

during the recovery. Adaptation to regular sauna use plays an important role in 

the responses, which attenuate upon frequent exposure.  

 
 
Key words: heat stress, hot bath, hyperthermia, norepinephrine, growth 

hormone (GH), prolactin (PRL), cortisol, β-endorphin, renin-angiotensin, 
spermatogenesis, adaptation   
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1. Introduction 

Heat stress in the passive (hot baths and sauna) or active (exercise) form evokes 

multiple physiological responses, some of them involving the endocrine system. 

Sauna bathing, a common life-style habit used mainly for relaxation, cleaning, 

pleasure, and to release bodily stress, has modulating effects on the hormonal 

and autonomic nervous system activity (1). The purpose of this review is to 

summarize the current knowledge about the endocrine effects of sauna. Besides 

the Finnish sauna-type exposure to dry heat, rather similar endocrine responses 

have been observed upon immersion in hot water. A wealth of information is 

available on effects of sauna (and hot bath) on hormones from older studies 

carried out 20-30 years ago, but additional novel information about sauna and 

hormones is rather scarce. Some older reviews exist on the topic (e.g. 2,3), but in 

recent years the endocrine effects of sauna have not been addressed 

comprehensively. We therefore summarize the key information available from 

older literature with the more recent findings. A summary of the hormone 

responses detected upon sauna bath is presented in Table 1. 

 
 
2. Neuroendocrine and pituitary hormones 

 
The neuroendocrine responses to sauna have concentrated on stress hormones 

such as β-endorphin and ACTH, which respond variably, ranging from decrease 

to no change to increase (4-8). When the heat exposure reaches level of 

subjective discomfort the ACTH/β-endorphin increase is more consistent (9). 

The increase in β-endorphin may play a role in the feeling of wellbeing after 

sauna.  The thermal stress response of these hormones is abolished in alcohol, 
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cocaine and heroin addicts, which is explained by the disruption of hypothalamic 

opioid neurotransmission upon chronic addiction (7,10). 

 

No effect of sauna on gonadotropins has been found in either sex (4,6). Findings 

on TSH are conflicting with reports ranging from increase (11) to no change 

(4,12) to decrease (both TSH and T4)(13,14).  

 

The two anterior pituitary hormones with the most consistent responses during 

exposure to sauna are GH and PRL. GH increase has been documented in 

numerous studies (4,9,15). Leppäluoto et al. (16) documented that the GH 

response was under control of the hypothlalamic  GH-releasing hormone 

(GHRH). Furthermore, an intriguing age difference was found: while GHRH and 

GH responded with significant increase in younger men (31-46 yrs), no increase 

of either was found in older men (49-66 yrs). The same investigators detected 

attenuation of the GH responses following repeated sauna exposure in men (7 

days twice daily) (4). The attenuation of GH response was not reproduced in 

young women (13). Stimulation of peripheral thermoregulators (heating of arm) 

was found sufficient to increase the GH levels (17). 

 

The other consistent endocrine response to sauna is the increase in PRL levels 

(4,5,9). The increase is brisk (up to > 10-fold), remained similar in men upon 

repeated sauna exposure (4), but attenuated in women (13). As an attempt to 

study the mechanism of PRL increase upon hyperthermia, Low et al. (18) 

subjected men to exhaustive bicycle exercise at 33 °C temperature, and to 

passive heating in a 41.5 °C water bath. Similar increase in body core 
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temperature (to 38.8 °C) and a 2-fold PRL response was observed. It was 

concluded that the thermoregulatory afferents, rather than cardiovascular, 

provide the stimulus for PRL increase, probably through changes in 

serotoninergic and dopaminergic activation, in agreement with the response to 

sauna. However, it remains controversial whether the body core (17) or skin 

(19) temperature rise is more important in the PRL rise. Another study showed 

that facial cooling prevented the PRL increase and increased thermal comfort 

during sauna bath, indicating that a small part of total skin area (10%) can have 

a disproportionate role in the PRL response (20).  

 

3. Cortisol  

Findings on the acute effects of sauna bathing on the distal response of the 

hypothalamic-pituitary-adrenal axis, i.e. serum cortisol, are variable. In some 

studies cortisol levels have increased (21), in some an initial decrease was 

followed by an increase (8), and also unchanged levels have been reported (9). 

Similar variable findings have been made during the post-sauna cooling period 

(5,8,9,22). The differing responses are best explained by differences in the 

duration and temperature of sauna bath. A general trend is that higher humidity 

and temperature evoke higher increase in cortisol (9,22). Excessive sauna 

exposure of men (twice a day for 7 days) suppressed the GH, ACTH and cortisol 

responses at the end of the experiment (4). 

 

A very recent study examined the effects of various types of physical exercise 

(endurance, strength, combined), followed by sauna, on serum hormone levels 

(GH, testosterone, cortisol) in men (23). The expected increases in the levels of 
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the three hormones were found when studied in the afternoon, but not in the 

morning - a confounding factor not taken into account in all sauna studies. Sauna 

after the exercise enhanced neuromuscular fatigue, but did not change the 

hormonal responses evoked by exercise. 

   

4. Effects on stress and cardiovascular hormones  

 
Responses to sauna of the cardiovascular system, with its essential regulatory 

hormones related to hemodynamic consequences of heat exposure, have been 

studied in recent years.  Regular sauna bathing has been suggested to exert a 

potential therapeutic effect on elevated blood pressure, which may be partly 

explained via favorable effects on the cardiac autonomic nervous system balance, 

improved vascular function and increased excessive fluid loss (24).  

 

Sauna baths have shown to increase the demands of cardiovascular function 

(25). Sauna bathing leads to an increase in heart rate (HR), thereby imitating 

effects of moderate physical activity on cardiovascular system without active 

skeletal muscle work. Sauna bathing causes an increase in HR and heart rate 

variability (HRV), which is a marker of autonomic nervous system balance. HRV 

analysis provides an insight into cardiovascular responses to sauna baths.  One 

recent study showed the effects of a typical Finnish sauna on HR and HRV in a 

population with cardiovascular risk factors among regular sauna bathers (26). 

The results indicate that sauna bathing improves cardiac autonomic nervous 

system balance, leading to increase in vagal tone and decrease in sympathetic 

tone, with favorable modulations in blood pressure during the recovery from 

sauna which may also be related to a lowered cardiovascular event risk (27).  



 7

 

Increased sweating during sauna bathing is accompanied by reduction in blood 

pressure and a higher HR, whilst cardiac stroke volume is largely maintained; 

although a part of blood volume is diverted from the internal organs to 

peripheral body parts with decreasing venous return which is not facilitated by 

active skeletal muscle work (1). Indeed, comparable with exercise-induced 

adaptations, heat stress could increase HR up to 150 per minute (26). During the 

hot sauna bath HR increases gradually from the beginning of sauna bath until the 

end, corresponding with an increase in body temperature and heat load. An 

earlier study conducted in young healthy men showed that the plasma 

norepinephrine concentrations increased approximately 2-fold during bath 

sessions with a mean temperature of 88 °C whereas there were no substantial 

changes in plasma epinephrine and serum thromboxane concentrations (28). 

 
The effectiveness and safety of sauna bath as an additional diaphoretic or 

diuretic therapy requires more studies. Although intensive sweating, induced by 

sauna with dry or wet heat usually increases losses of water, urea, sodium, 

potassium and chloride, a single sauna bath session does not cause significant 

longer-term changes in serum electrolyte or creatinine levels (25). Ohori et al. 

(29) demonstrated that 3 weeks of repeated thermal treatment (Waon therapy) 

in patients with chronic heart failure was associated with decreases in levels of 

brain natriuretic peptides (BNPs) and plasma norepinephrine. However, there is 

only moderate evidence that sauna bath improves left ventricular ejection 

fraction and decreases BNP levels (30). Some other studies in which patients 

with heart failure were treated with infrared-ray sauna therapy for several 
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weeks, decreases in concentrations of BNPs were demonstrated (31). A Finnish 

study on sauna and biomarkers (a single 30-min exposure) shows that there was 

an elevation in NTproBNP levels after sauna bathing, which may be associated 

with an increased workload of the cardiovascular system and heart muscle (25). 

 
 
5. Reproductive function 

 
5.1. Men 

No differences in relevant reproductive hormone levels occurred after sauna 

exposure (FSH, LH, testosterone, estradiol, inhibin B, sex hormone-binding 

globulin), which seems to be the finding in several sauna studies (2,3). 

 

Scrotal temperature is 2-3 °C lower than body core temperature (32,33), and it is 

considered quintessential for spermatogenesis.  It is disturbed when testicular 

temperature is elevated, e.g. in cryptorchidism, fever, varicocele, or even obesity 

(34). Lifestyle conditions with increased testicular temperature, such as tight 

clothing and prolonged sitting position, increase scrotal temperature sufficiently 

to reduce spermatogenesis (35,36). Because sauna bath increases scrotal 

temperature to about 37.5 °C (37), negative effect on spermatogenesis is a 

relevant concern. On the positive side, intensive heat exposure in hot baths or by 

using tight underware for weeks-months can lead to reversible profound 

oligozoospermia – azoospermia, which has been proposed for male 

contraception (38,39).  

 

There is ample information on adverse effects of various types of hyperthermia, 

including sauna and hot baths, on spermatogenesis in man and experimental 
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animals (for references, see 37).  A single exposure of sauna-naïve men to 86 °C 

for 20 min suppressed the sperm number per ejaculate from a mean of 250 to 

160 x 106 in one week (p < 0.05), and the numbers returned to normal in 5 

weeks (40). Immediate increases after sauna were found in sperm motility, 

glucose utilization and lactic acid accumulation. Ultrastructural alterations in 

sperm included swelling of plasma membrane, increase in immature forms and 

disorganization of arrangement of mitochondria.  Another sauna study for 2 

weeks demonstrated a significant reversible decrease in sperm motility 

parameters, but not in numbers (41). 

 

A longer 3-month twice per week exposure to sauna brought about a 50% 

decline is sperm number per ejaculate and quality at the end of exposure (36 

7), with gradual reversal to pre-exposure levels in 6 months.  Similar reduction 

occurred in the percentage of progressively motile sperm, whereas no changes 

occurred in semen volume, sperm morphology, DNA integrity or viability. Slight 

reduction in histamine-protamine replacement, chromatin condensation and 

mitochondrial function also occurred. There was in sperm an increase of 

hypoxia-induced factors, vascular endothelial growth factor (VEGF) and heat 

shock proteins.  

 

In all studies, the changes in sperm induced by sauna were reversible in weeks-

months after cessation of exposure. Clearest negative effects of sauna on 

spermatogenesis have been found in sauna-naïve men (see above), whereas 

studies on chronic exposure to heat in various lifestyle conditions (professional 

exposure, sitting, tight underware, habitual sauna or hot baths) have largely 
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remained inconclusive (35). Although no controlled studies exist, sperm counts 

in countries with habitual frequent use of sauna or hot baths, Finland and Japan, 

no evidence exists on lower sperm counts that in other countries (42,43). 

Neither is there epidemiological evidence for harmful influence of hyperthermia 

(or sauna) on male fertility (2,44). However, it remains unknown whether men 

with poor spermatogenesis would be more sensitive to sauna.  

 

In conclusion, there is rather strong evidence that acute exposure of men to 

hyperthermia, such as sauna, has reversible negative effect on spermatogenesis, 

whereas effects of various forms chronic hyperthermia (including sauna) are less 

convincing. We may speculate that upon prolonged exposure adaptation 

mechanisms reduce the suppressive effects of acute heat exposure. Comparative 

studies on spermatogenic effects of acute and chronic sauna exposure would be 

needed to test this hypothesis. 

 

5.2. Women 

Some sex-related differences have been shown in the hormone responses to 

sauna. Despite similar increase in body temperature (2 °C), the increases of 

ACTH, cortisol and PRL were more pronounced in women, whereas those of 

catehcolaminens (epinephrine, norepinephrine) were similar despite higher 

increase of heart rate in women (8). Laatikainen et al. (5) found in women 

significant increases in β-endorphin and norepinephrine secretion, whereas the 

responses of epinephrine, ACTH and cortisol were variable. The adaptation of 

some of the hormonal responses to sauna also seems to differ between men and 

women (see above). Menstrual disturbances in women upon frequent sauna 
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exposure have been ascribed to elevated PRL and β-endorphine (4). However, no 

effects of sauna on fertility have been reported. 

 

Pilch et al. (14) studied the endocrine responses in women with no previous 

experience in sauna bathing. Tests were carried out on the 1st and 14th sauna day 

(30 or 45 min every other day). The expected elevations of GH, ACTH and 

cortisol were observed, and a clear adaptation of the responses was found in the 

group where sauna exposure was 45 min with a 5 min cooling period in between, 

as compared to 30 min continuous sauna exposure. The hormone responses 

appeared to be larger than in women accustomed to sauna, and the adaptation 

was also found in this study. Vähä-Eskeli et al. (45) observed that the PRL 

response to sauna was abolished during pregnancy, whereas it did not influence 

the responses of AVP and cortisol. No harmful effects of sauna have been found 

in healthy pregnant women (9). The hormonal responses were found to be 

similar in children and adults (46). 

 

A very recent study (47) reported favorable effects of hot water immersion 

therapy on cardiovascular status of obese women with polycystic ovary 

syndrome. The therapy included a 8- to 10-week period of passive hot water 

immersion (1 hr at 40.5 °C) 3-4 times per week. Significant cardiovascular, 

endocrine and metabolic effects were observed at the end of the treatment 

period: decreased systolic and diastolic blood pressure, decreased total and LDL-

cholesterol, and decreased fasting glucose, testosterone and C-reactive protein.  

The authors proposed reduced sympathetic nerve activity as the mechanism of 

the positive effects. 
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6. Metabolic hormone 

Positive effects of frequent sauna visits (10 sessions every 1-2 days) have been 

reported in both sexes on blood lipids in the form of suppressed total 

cholesterol, LDL-cholesterol and triglycerides, and the responses were 

considered similar to those caused by moderate-intensive physical training 

(22,48). Some of the brain-gut peptides respond to sauna bathing. There was in 

women a significant increase in vasoactive intestinal polypeptide (VIP) during 

heat exposure, and an increase in motilin thereafter, whereas insulin, 

cholecystokinin (CKK) and somatostatin remained unaltered (49). The VIP 

increase was suggested to be related to a compensatory mechanism of 

simultaneous vasodilation and heat loss. 

Hyperthermia increases the levels of several glucoregulatory hormones. In an 

experiment carried out on men in hot bath, the levels of glucose, GH, β-

endorphin and glucagon increased, whereas those of insulin remained unaltered 

(50,51). The increase in blood glucose can be explained by combined GH and 

catecholamine effects in the face of unaltered insulin. These findings are not 

entirely consistent, because in another study, during a 3-h exposure to hot bath 

(52), there were increases in GH, epinephrine, glucagon and cortisol together 

with a slight hyperinsulinemia in the face of unaltered glucose. In an intravenous 

glucose tolerance test during the last hour of hyperthermia, signs of impaired 

first phase (probably caused by inhibition of insulin secretion by elevated 

epinephrine) and enhanced second phase (reaction to relative hyperglycemia) 

insulin responses were recorded. The increase of insulin in this study was 

explained by effects of increased glucagon and lipid intermediates. Of clinical 



 13

significance is the observation that sauna accelerates the absorption of 

subcutaneously injected insulin (53). 

Sauna (54) and hot bath (55) also increase the level of leptin, a hormone 

mediating the feeling of satiety. A Japanese study found in normal-weight 

individuals after prolonged sauna exposure an increase in caloric intake, 

associated with increase in levels of the orexigenic hormone ghrelin, whereas no 

change occurred in the satiety hormone leptin  (56). The increased energy 

expenditure might suggest sauna baths as a potential lifestyle modification upon 

weight reduction (57).  Altered leptin/ghrelin balance might play a role in the 

weight effects of frequent sauna exposure. The elevation of leptin was boosted 

by caffeine ingestion before the heat exposure (58). Whether a cup of coffee 

would improve the weight reduction effect of sauna is therefore a relevant 

question. 

 

7. Conclusions and future perspectives 

Sauna bath evokes a number of hormonal responses (Table 1). They are mostly 

temporary and subside soon after the heat exposure. The responses differ 

between individuals who are accustomed to sauna, often abating with 

experience. This is one apparent reason for many differences between individual 

observations, along with other variables such as the level of heat, duration of 

exposure, time of day, and age, sex and body composition of the participating 

individuals. The adaptation mechanisms are still poorly investigated, including 

the variable effects of sauna on spermatogenesis. Likewise, the mechanisms of 

the subjective feeling of wellbeing upon sauna bath remain largely unknown. The 
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transient hormonal responses observed cannot be considered harmful for 

individuals in good health, but they may represent a burden for those in 

suboptimal health status – an issue deserving more detailed study in the future. 

  



 15

 
 
References 

 
*1. Laukkanen JA, Laukkanen T, Kunutsor SK. Cardiovascular and other 

health benefits of sauna bathing: A review of evidence. Mayo Clinic 
Proceedings. 2018;93:1111-1121. 

 
This is the latest review summarizing comprehensively the various health effects 
of sauna bath. 
 
2. Hannuksela ML, Ellahham S. Benefits and risks of sauna bathing. Am J Med 

2001;110:118-126. 
 
3. Leppäluoto J, Huttunen P, Hirvonen J, Väänänen A, Tuominen M, Vuori J. 

Endocrine effects of repeated sauna bathing. Acta Physiol Scand 
1986;128:467-470. 

 

3. Kukkonen-Harjula K, Kauppinen K. Health effects and risks of sauna 
bathing.  Int J Circumpolar Health 2006:65:195-205. 

 
4. Laatikainen T, Salminen K, Kohvakka A, Pettersson J. Response of plasma 

endorphins, prolactin and catecholamines in women to intense heat in a 
sauna. Eur J Appl Physiol Occup Physiol 1988;57:98–102.  

5. Vescovi PP. Germ G, Pioli G, Pedrazzoni M, Maninetti L, Passeri M. 
Circulating opioid peptides during thermal stress. Horm Metab Res 
1990;22:44-46.  

6. Vescovi PP, Coiro V. Hyperthermia and endorphins. Biomed & 
Pharmacother 1993;47:301-304. 

7.  Jezová D, Kvetnansky R, Vigas M. Sex differences in endocrine response to 
hyperthermia in sauna. Acta Physiol Scand 1994;150:293–298. 

8. Kukkonen-Harjula K, Kauppinen K. Health effects and risks of sauna 
bathing.  Int J Circumpolar Health 2006:65:195-205. 

 
9. Vescovi PP, DiGennaro C, Coiro V. Hormonal (ACTH, Cortisol, P-

Endorphin, and Met-Enkephalin) and Cardiovascular Responses to 
Hyperthermic Stress in Chronic Alcoholics. Alhoholism: Clin Expt Res 
1997;21:1195-1198. 

 
10. Strbák V, Tatár P, Angyal R, Strec V, Aksamitová K, Vigas M, Jánosová H. 

Effects of sauna and glucose intake on TSH and thyroid hormone levels in 
plasma of euthyroid subjects. Metabolism 1987, 36:426-431. 

 
11. Brandenberger G, Follenius M, Oyono Enguelle S. Responses of anterior 

pituitary hormones to heat exposure. J Endocrinol Invest 1979;2:297-298. 



 16

12. Pilch W, Szyguła Z, ZQ ychowska M, Gawinek M. The influence of sauna 
training on the hormonal system of young women. J Human Kinetics 
2003;9:19–30.  

13. Pilch W, Szyguła Z, Torii M. Effect of the sauna-induced thermal stimuli on 
various intensity of the thermal and hormonal metabolism in women.  
Biol Sport 2007;24:357-373.  

 
14. Jezová, Radikova Z, Vigas M. Growth hormone response to different 

consecutive stress stimuli in healthy men: Is there any difference? Stress 
2007;10:205–211. 

15. Leppäluoto J, Tapanainen P, Knip M. Heat exposure elevates plasma 
immunoreactive growth hormone-releasing hormone levels in man. J Clin 
Endocrinol Metab 1987:65:1035-1038. 

16. Koska J, Rovensky J, Zimanova T, Vigas M. Growth hormone and prolactin 
responses during partial and whole body warm-water immersions. Acta 
Physiol Scand 2003;178:19-23. 

 

17. Low D, Purvis A, Reilly T, Cable NT. The prolactin response to active and 
passive heating in man. Exp Physiol 2005, 90: 909-17.  

 
18. Bridge MW, Weller AS, Rayson M, Jones DA. Ambient temperature and the 

pituitary hormone responses to exercise in humans. Exp Physiol 2003;88: 
627–635. 

 
19. Mündel T, Hooper PL, Bunn RJ, Jones DA. The effects of face cooling on the 

prolactin response and subjective comfort during moderate passive 
heating in humans. Exp Physiol 2006;91:1007–1014.  

 
20. Pilch W, Pokora I, Szyguła Z, Pałka T, Pilch P, Cisoń T, Malik L, Wiecha  S. 

Effect of a single Finnish sauna session on white blood cell profile and 
cortisol levels in athletes and non-athletes. J Hum Kinet 2013;39:127–
135.  

21. Pilch W, Szyguła Z, Kłimek AJ, Pałka T, Cisoń T, Pilch P, Torii M.  Changes 
in the lipid profile of blood serum in women taking sauna baths of various 
durations. Int J Occup Med Environ Hlth 2010;23:167–174  

*22. Rissanen JA, Häkkinen A, Laukkanen J, Kraemer WJ, Häkkinen K. Acute 

neuromudscular and hormonal responses to different exercise 

loadings followed by a sauna. J Strength Cond Res 2019; in press. 
 
The authors studies combined effects of strenuous training and sauna. The latter 
itself represents strenuous loading, and it may not be recommended 24 hours 
before the next training session. A sauna bath after the loadings did not further 
change the hormonal responses recorded after the exercise loadings. 

 



 17

*23. Zaccardi F, Laukkanen T, Willeit P, Kunutsor SK, Kauhanen J, Laukkanen 
JA. Sauna bathing and incident hypertension: A prospective cohort 

study. Am J Hypertens 2017;30:1120-1125.  

This study demonstrates that regular sauna bathing is associated with reduced 
risk of hypertension, which may be a mechanism underlying the decreased 
cardiovascular risk associated with sauna use. 

24. Laukkanen T, Kunutsor SK, Zaccardi F, Lee E, Willeit P, Laukkanen JA. 
Acute effects of sauna bathing on cardiovascular function. J Hum 
Hypertens 2018;32:129-138. 

25. Laukkanen T, Lipponen J, Kunutsor SK, Zaccardi F, Araújo CGS, Mäkikallio 
TH, Khan H, Willeit P, Lee E, Poikonen S, Tarvainen M, Laukkanen JA. 
Recovery from sauna bathing favorably modulates cardiac autonomic 
nervous system. Complement Ther Med 2019;45:190-199. 

26. Kunutsor SK, Khan H, Zaccardi F, Laukkanen T, Willeit P, Laukkanen JA. 
Sauna bathing reduces the risk of stroke in Finnish men and women: A 
prospective cohort study. Neurology 2018;90:e1937-e1944. 

 
27. Kukkonen-Harjula K, Oja P, Laustiola K, Vuori I, Jolkkonen J, Siitonen 

S, Vapaatalo H. Haemodynamic and hormonal responses to heat exposure 
in a Finnish sauna bath. Eur J Appl Physiol Occup Physiol 1989:58:543-
550. 

 
28. Kukkonen-Harjula K, Oja P, Vuori I, Pasanen M, Lange K, Siitonen S, Metsä-

Ketelä T, Vapaatalo H. Cardiovascular effects of atenolol, scopolamine and 
their combination on healthy men in Finnish sauna baths. Eur J Appl 
Physiol Occup Physiol 1994; 69:10-15. 

 
29. Ohori T, Nozawa T, Ihori H, Shida T, Sobajima M, Matsuki A, Yasumura S, 

Inoue H. Effect of repeated sauna treatment on exercise tolerance and 
endothelial function in patients with chronic heart failure. Am J Cardiol 
2012;109:100-104. 

 
30. Källström M, Soveri I, Oldgren J, Laukkanen J, Ichiki T, Tei C, Timmerman 

M, Berglund L, Hägglund H. Effects of sauna bath on heart failure: A 
systematic review and meta-analysis. Clin Cardiol 2018 ;41:1491-1501. 

 
31. Kihara T, Biro S, Imamura M, Yoshifuku S, Takasaki K, Ikeda Y, Otuji Y, 

Minagoe S, Toyama Y, Tei C. Repeated sauna treatment improves vascular 
endothelial and cardiac function in patients with chronic heart failure. J 
Am Coll Cardiol 2012;39:754-759. 

 
32. Hjolland NHI, Bonde JPE, Jensen TK, Olsen J. Diurnal scrotal skin 

temperature and semen quality. Int J Androl 2000;23:309-318. 
 
33. Jung A, Leonhardt F, Schill WB, Schuppe HC. Influence of the type of 



 18

undertrousers and physical activity on scrotal temperature. Hum Reprod 
2005;20:1022-1027. 

 
34. Garolla A, Torino M, Miola P, Caretta N, Pizzol D, Menegazzo M, Bertoldo 

A, Foresta C: Twenty-four-hourmonitoring of scrotal temperature in 
obese men and men with a varicocele as a mirror of spermatogenic 
function. Hum Reprod 2015;30:1006–1013. 

 
35. Jung A, Schuppe H-C. Influence of genital heat stress on semen quality in 

humans. Andrologia 2007;39:203–215. 
 
36. Ivell R. Lifestyle impact and biology of the human scrotum. Reprod Biol 

Endocrinol 2007;5:15. 
 
37. Garolla A, Torino M, Sartini B, Cosci I, Patassini C, Carraro U, Foresta C. 

Seminal and molecular evidence that sauna exposure affects human 
spermatogenesis. Hum Reprod 2013;28:877-885. 

 
38. Mieusset R, Bujan L. Testicular heating and its possible contributions to 

male infertility: a review. Int J Androl 1995;18:169-184. 
 
*39. Abdelhamid MHM, Esquerre-Lamare C, Walschaerts M, Ahmad 

G, Mieusset R, Hamdi S, Bujan L. Experimental mild increase in 

testicular temperature has drastic, but reversible, effect on sperm 

aneuploidy in men: A pilot study. Reprod Biol 2019,19:189-194.  
 
This is the latest study on effects of sauna on spermatogenesis. There was an 
increase in sperm aneuploidy, reflecting an effect on the meiosis stage of 
spermatogenesis. The effect of heating was reversible and suggested that 
recovery of aneuploidy to normal values requires at least two cycles of 
spermatogenesis. 
 
40. Brown-Woodman PDC, Post EJ, Gass GC, White IG. The effect of single 

sauna exposure on spermatozoa. Arch Androl 1984;12:9-15. 
 
41. Saikhun J, Kitiyanant Y, Vanadurongwan V, Pavasuthipaisit K. Effects 

of sauna on sperm movement characteristics of normal men measured by 
computer-assisted sperm analysis. Int J Androl 1998;21:358-363. 

42. Vierula M, Niemi M, Keiski A, Saaranen M, Saarikoski S, Suominen J. High 
and unchanged sperm counts of Finnish men. Int J Androl 1996;19:11-17. 

43. Itoh N, Kayama F, Tatsuki TJ, Tsukamoto T. Have sperm counts 
deteriorated over the past 20 years in healthy, young Japanese men? 
Results from the Sapporo area. J Androl 2001;22:40-44. 

 
44. Sharpe RM. Environmental/lifestyle effects on spermatogenesis. Philos 

Trans R Soc Lond B Biol Sci 2010, 365:1697–1712.  
 



 19

45. Vähä-Eskeli K, Erkkola R, Irjala K, Viinamäki O. Effect of thermal stress on 
serum prolactin, cortisol and plasma arginine vasopressin concentration 
in the pregnant and non-pregnant state. Eur J Obstet Gynecol Reprod 
Biol 1991;42:1-8. 

 
46. Jokinen E , Välimäki I, Marniemi J, Seppänen A, Irjala K, Simell O. Children 

in sauna: hormonal adjustments to intensive short thermal stress. Acta 
Physiol Scand. 1991;142:437-442. 

 
*47.  Ely BR, Francisco MA, Halliwill JR, Bryan SD, Comrada LN, Larson EA, 

Brunt VE, Minson CT. Heat therapy reduces sympathetic activity and 

improves cardiovascular risk profile in women who are obese with 

polycystic ovary syndrome. Am J Physiol Regul Integr Comp Physiol 
2019;317:R630–R640. 

 
This study demonstrates positive health effects of heat therapy in obese women 
with polycystic ovary syndrome, which included improvement of their 
cardiovascular, metabolic and endocrine status. 
 
48. Gyrka D, Pilch W, Szarek M, Szygula S, Toto L. The effect of sauna bathing 

on lipis profile in young, physically active, male subjects. Int J Occup Med 
Environm Hlth 2014;27:608–618.  

 
49. Jenssen TG, Haukland HH, Burhol PG. Brain-gut peptides in sauna induced 

hyperthermia. Acta Physiol Scand. 1988;132:519-523. 
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Table 1. Documented changes in hormone levels during sauna bath, compiled from 
ref. 2 and papers published thereafter (as listed in the references). 
 

Hormone             Change 
 
Adiponectin       ↔↔↔↔   

Adrenocorticotropic hormone    ↔↔↔↔,↑↑↑↑*  

Aldosterone       ↑↑↑↑    

Angiotensin II      ↑↑↑↑ 

Arginine vasopressin     ↑↑↑↑ 

Atrial natriuretic peptide     ↑↑↑↑ 

Beta-endorphin      ↑↑↑↑ 

Brain natriuretic peptide     ↑↑↑↑,↓↓↓↓ 

Cholecystokinin      ↔↔↔↔ 

Costisol       ↔↔↔↔,↑↑↑↑,↓↓↓↓ 

Epinephrine       ↔↔↔↔,↑↑↑↑ 

Follicle-stimulating hormone    ↔↔↔↔ 

Ghrelin       ↑↑↑↑ 

Glucagon       ↑↑↑↑ 

Growth hormone      ↑↑↑↑  

Growth hormone-releasing hormone   ↑↑↑↑ 

Insulin        ↔↔↔↔ 

Leptin        ↑↑↑↑ 

Luteinizing hormone      ↔↔↔↔ 

Melatonin       ↔↔↔↔ 

Motilin       ↑↑↑↑ 

Norepinephrine      ↑↑↑↑ 

Prolactin       ↑↑↑↑ 

Renin        ↑↑↑↑ 

Somatostatin       ↔↔↔↔ 

Testosterone       ↔↔↔↔, ↑↑↑↑ 

Thyroxine       ↔↔↔↔, ↑↑↑↑ 

Thyroid-stimulating hormone    ↔↔↔↔, ↑↑↑↑ 

Vasoactive intestinal polypeptide    ↑↑↑↑ 

_____________________________________________________________________________________________

* ↔, no change: ↑, increase; ↓, decrease    
 
 


