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Endocrine effects of sauna bath
Ilpo T. Huhtaniemi1 and Jari A. Laukkanen2,3,4

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 acti-

vated. Of the anterior pituitary hormones, growth hormone

(GH) and prolactin (PRL) secretion is increased. Also b-

endorphin has been frequently reported to increase, whereas

the responses of antidiuretic hormone 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

on 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.

Addresses
1 Institute of Reproductive and Developmental Biology, Department of

Metabolism, Digestion and Reproduction, Imperial College London,

Hammersmith Campus, Du Cane Road, London, W12 0NN, UK
2 Institute of Public Health and Clinical Nutrition, University of Eastern

Finland, Kuopio, Finland
3 Faculty of Sport and Health Sciences, University of Jyvaskyla,

Jyvaskyla, Finland
4 Central Finland Health Care District, Department of Internal Medicine,

Jyväskylä, Finland

Corresponding author: Huhtaniemi, Ilpo T (ilpo.huhtaniemi@imperial.

ac.uk)

Current Opinion in Endocrine and Metabolic Research 2020,

11:15–20

This review comes from a themed issue on Endorcrine and Metabolic

Adaptations to Extreme Environments

Edited by Caitlin Wyrwoll and Alexander Larcombe

For a complete overview see the Issue and the Editorial

Available online 30 December 2019

https://doi.org/10.1016/j.coemr.2019.12.004

2451-9650/© 2019 Elsevier Ltd. All rights reserved.

Keywords

Heat stress, Hot bath, Hyperthermia, Norepinephrine, Growth hormone

(GH), Prolactin (PRL), Cortisol, b-endorphin, Renin–angiotensin,

Spermatogenesis, Adaptation.

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 lifestyle habit used mainly for relax-
ation, 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 endo-
crine 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
20e30 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 in-
formation available from older literature with the more
recent findings. A summary of the hormone responses
detected upon sauna bath is presented in Table 1.

Neuroendocrine and pituitary hormones
The neuroendocrine responses to sauna have concen-
trated on stress hormones such as b-endorphin and
ACTH, which respond variably, ranging from decrease to
no change to increase [4,6e8]. When the heat exposure
reaches the level of subjective discomfort, the ACTH/b-
endorphin increase is more consistent [9]. The increase
in b-endorphin may play a role in the feeling of well-
being after sauna. The thermal stress response of these
hormones is abolished in alcohol, cocaine, and heroin
addicts, which is explained by the disruption of hypo-
thalamic opioid neurotransmission upon chronic addic-
tion [8,10].

No effect of sauna on gonadotropins has been found in
either sex [5,7]. Findings on thyroid-stimulating hor-
mone are conflicting with reports ranging from increase
[11] to no change [5,12] 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 [5,9,15]. Leppäluoto et al. [16]
documented that the GH response was under control of
the hypothalamic GH-releasing hormone (GHRH).
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Furthermore, an intriguing age difference was found:
while GHRH and GH responded with significant in-
crease in younger men (31e46 yrs), no increase of either
was found in older men (49e66 yrs). The same in-
vestigators detected attenuation of the GH responses
following repeated sauna exposure in men (7 days twice
daily) [5]. The attenuation of GH response was not
reproduced in young women [13]. Stimulation of pe-
ripheral 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 [5,6,9]. The increase is brisk (up
to > 10-fold), remained similar in men upon repeated
sauna exposure [5], 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 temperature (to 38.8 �C) and a twofold
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].

Cortisol
Findings on the acute effects of sauna bathing on the
distal response of the hypothalamicepituitaryeadrenal
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 [4], and also un-
changed levels have been reported [9]. Similar variable
findings have been made during the postsauna cooling
period [4,6,9,22]. The differing responses are best
explained by differences in the duration and tempera-
ture of sauna bath. A general trend is that higher hu-
midity 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 re-
sponses at the end of the experiment [5].

A very recent study examined the effects of various
types of physical exercise (endurance, strength, com-
bined), followed by sauna, on serum hormone levels
(GH, testosterone, cortisol) in men [23]. The expected
increases in the levels of the three hormones were found
when studied in the afternoon, but not in the
morningda 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.

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 bal-
ance, improved vascular function and increased exces-
sive 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

Table 1

Documented changes in hormone levels during sauna bath,

compiled from ref. 2 and papers published thereafter (as listed in

the references).

Hormone Changea

Adiponectin 4

Adrenocorticotropic hormone 4,[

Aldosterone [

Angiotensin II [

Arginine vasopressin [

Atrial natriuretic peptide [

Beta-endorphin [

Brain natriuretic peptide [,Y

Cholecystokinin 4

Cortisol 4,[,Y

Epinephrine 4,[

Follicle-stimulating hormone 4

Ghrelin [

Glucagon [

Growth hormone [

Growth-hormone-releasing hormone [

Insulin 4

Leptin [

Luteinizing hormone 4

Melatonin 4

Motilin [

Norepinephrine [

Prolactin [

Renin [

Somatostatin 4

Testosterone 4, [

Thyroxine 4, [

Thyroid-stimulating hormone 4, [

Vasoactive intestinal polypeptide [

a
4, no change: [, increase; Y, decrease.
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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 mod-
ulations in blood pressure during the recovery from
sauna, which may also be related to a lowered cardio-
vascular event risk [27].

Increased sweating during sauna bathing is accompanied
by reduction in blood pressure and a higher HR, while
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 adapta-
tions, 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 tempera-
ture and heat load. An earlier study conducted in young
healthy men showed that the plasma norepinephrine
concentrations increased approximately twofold 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 addi-
tional 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 evi-
dence 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 weeks, de-
creases 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 cardiovas-
cular system and heart muscle [25].

Reproductive function
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 2e3 �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 tempera-
ture to about 37.5 �C [37], negative effect on sper-
matogenesis is a relevant concern. On the positive side,
intensive heat exposure in hot baths or by using tight
underwear for weeks to months can lead to reversible
profound oligozoospermia e 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 men and experimental animals (for
references, see 37). A single exposure of sauna-naı̈ve
men to 86 �C for 20 min suppressed the sperm number
per ejaculate from a mean of 250 to 160 � 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 pro-
gressively motile sperm, whereas no changes occurred in
semen volume, sperm morphology, DNA integrity, or
viability. Slight reduction in histamineeprotamine
replacement, chromatin condensation, and mitochon-
drial function also occurred. There was in sperm an in-
crease of hypoxia-induced factors, vascular endothelial
growth factor, and heat shock proteins.

In all studies, the changes in sperm induced by sauna
were reversible in weeks to months after cessation of
exposure. Clearest negative effects of sauna on sper-
matogenesis have been found in sauna-naı̈ve men (see
earlier discussion), whereas studies on chronic exposure
to heat in various lifestyle conditions (professional
exposure, sitting, tight underwear, habitual sauna, or hot
baths) have largely remained inconclusive [35].
Although no controlled studies exist, in countries with
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habitual frequent use of sauna or hot baths, Finland and
Japan, no evidence exists on lower sperm counts than in
other countries [42,43]. Neither is there epidemiolog-
ical 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 of 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.

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 catecholamines (epinephrine, norepi-
nephrine) were similar despite higher increase of heart
rate in women [4]. Laatikainen et al. [6] found in
women significant increases in b-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
earlier discussion). Menstrual disturbances in women
upon frequent sauna exposure have been ascribed to
elevated PRL and b-endorphine [5]. However, no ef-
fects 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 arginine vasopressin 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 an 8- to 10-week period of passive hot
water immersion (1 h at 40.5 �C) 3e4 times per week.
Significant cardiovascular, endocrine, and metabolic ef-
fects were observed at the end of the treatment period:
decreased systolic and diastolic blood pressure, decreased
total and low-density lipoprotein cholesterol, and
decreased fasting glucose, testosterone, and C-reactive
protein. The authors proposed reduced sympathetic
nerve activity as the mechanism of the positive effects.

Metabolic hormone
Positive effects of frequent sauna visits (10 sessions
every 1e2 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 compen-
satory mechanism of simultaneous vasodilation and heat
loss.

Hyperthermia increases the levels of several glucor-
egulatory hormones. In an experiment carried out on
men in hot bath, the levels of glucose, GH, b-endor-
phin, and glucagon increased, whereas those of insulin
remained unaltered [50,51]. The increase in blood
glucose can be explained by combined GH and cate-
cholamine 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 in-
hibition 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 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 hor-
mone ghrelin, whereas no change occurred in the satiety
hormone leptin [56]. The increased energy expenditure
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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.

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 composi-
tion 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 well-being
upon sauna bath remain largely unknown. The tran-
sient hormonal responses observed cannot be consid-
ered harmful for individuals in good health, but they
may represent a burden for those in suboptimal health
statusdan issue deserving more detailed study in the
future.
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