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ABSTRACT
Passive heat therapy is characterized by exposure to a high environmental temperature for a brief 
period. There are several types of passive heat therapy which include hot tubs, Waon therapy, 
hydrotherapy, sanarium, steam baths, infrared saunas and Finnish saunas. The most commonly 
used and widely studied till date are the Finnish saunas, which are characterized by high 
temperatures (ranging from 80–100°C) and dry air with relative humidity varying from 10–20%. 
The goal of this review is to provide a summary of the current evidence on the impact of passive 
heat therapies particularly Finnish saunas on various health outcomes, while acknowledging the 
potential of these therapies to contribute to the extension of healthspan, based on their demon
strated health benefits and disease prevention capabilities. The Finnish saunas have the most 
consistent and robust evidence regarding health benefits and they have been shown to decrease 
the risk of health outcomes such as hypertension, cardiovascular disease, thromboembolism, 
dementia, and respiratory conditions; may improve the severity of musculoskeletal disorders, 
COVID-19, headache and flu, while also improving mental well-being, sleep, and longevity. 
Finnish saunas may also augment the beneficial effects of other protective lifestyle factors such 
as physical activity. The beneficial effects of passive heat therapies may be linked to their anti- 
inflammatory, cytoprotective and anti-oxidant properties and synergistic effects on neuroendo
crine, circulatory, cardiovascular and immune function. Passive heat therapies, notably Finnish 
saunas, are emerging as potentially powerful and holistic strategies to promoting health and 
extending the healthspan in all populations.
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Introduction

Passive heat therapy, also known as thermother
apy, is characterized by exposure to a high envir
onmental temperature for a brief period. There are 
several types of passive heat therapy which include 
hot tubs, Waon therapy, hydrotherapy, sanarium, 
steam baths, infrared saunas and Finnish saunas. 
These passive heat therapies vary by relative 
humidity and temperature (Table 1). The most 
commonly used and widely studied till date are 
the Finnish saunas, which are characterized by 
high temperatures (ranging from 80–100°C) and 
dry air with relative humidity varying from 10– 
20%. The majority of these passive heat therapies 
have been initially used for the purposes of leisure 
and relaxation, without research-based knowledge 
on their potential health effects. In recent times, 

there is an emerging body of robust research evi
dence showing that a number of these passive heat 
therapies are linked with substantial health bene
fits and may help to increase the lifespan and 
extend healthspan [1–4].

Healthspan refers to the phase of an individual’s 
life characterized by optimal health and function
ality, where they experience minimal physical or 
mental limitations. It denotes the duration of time 
when a person enjoys a high quality of life, main
taining independence, engaging in daily activities, 
and pursuing personal aspirations, without the 
burden of chronic ailments or disabilities [5]. 
Distinguishing it from lifespan, which measures 
the overall length of an individual’s existence, 
healthspan emphasizes the quality of those 
years by prioritizing well-being and vigor. 
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It encompasses multiple dimensions of health, 
including physical fitness, mental wellness, and 
emotional equilibrium, encompassing the absence 
of diseases, sustained cognitive abilities, sound 
mental health, and active social engagement.

The objective of extending healthspan is to pro
long the period of vitality and productivity while 
minimizing the years spent in ill health or disabil
ity. Strategies to enhance healthspan commonly 
involve adopting a wholesome lifestyle, encom
passing regular physical exercise, a balanced diet, 
sufficient sleep, stress management, recovery and 
relaxation, and avoiding detrimental habits like 
smoking or excessive alcohol consumption.

Based on compelling data from observational, 
interventional and mechanistic studies, passive 
heat therapies are emerging as potential strategies 
that could be used to extend the healthspan and 
improve the quality of life. For instance, having 
hot tub baths almost daily or every day have been 
shown to reduce the risk of adverse cardiovascu
lar outcomes by about 23–46% [6]. Repeated ses
sions of Waon therapy have been shown to 
reduce blood pressure (BP) in patients with 
hypertension [7,8] and relieve symptoms of per
ipheral arterial disease (PAD), chronic obstruc
tive pulmonary disease (COPD), fibromyalgia, 
chronic pain, mild depression, and chronic fati
gue syndrome [9,10]. In heart failure (HF) 
patients, Waon therapy improves clinical symp
toms and the quality of life [8–11]. Hydrotherapy 
(e.g. steam baths) produces significant reductions 
in BP and has been shown to improve pain and 
used for the management of HF, myocardial 
infarction, COPD, asthma, Parkinson’s disease, 
ankylosing spondylitis, osteoarthritis, rheumatoid 
arthritis, fibromyalgia, anorectal disorders, 

fatigue, anxiety, obesity, hypercholesterolemia, 
hyperthermia, and labor [12,13]. Regular or fre
quent Finnish sauna baths have been reported to 
(i) reduce the risk of diseases such as hyperten
sion [14], cardiovascular disease (CVD) mortality 
[15], sudden cardiac death (SCD) [15], stroke 
[16], dementia [17], venous thromboembolism 
(VTE) [18], all-cause mortality [15], lung diseases 
[19–21], and psychotic disorders [22]; and (ii) 
improve the severity of musculoskeletal disorders 
such as osteoarthritis, rheumatoid arthritis, and 
fibromyalgia [23,24], COVID-19 [25], and lung 
disease conditions such as asthma, chronic bron
chitis, and COPD [26,27]. The beneficial effects 
of passive heat therapies may be linked to their 
anti-inflammatory, cytoprotective and anti- 
oxidant properties and synergistic effects on neu
roendocrine, circulatory, cardiovascular and 
immune function [1].

Given the extensive literature on the health 
benefits of passive heat therapies especially 
Finnish saunas, it is necessary to provide 
a comprehensive summary which will enable 
patients, practitioners, researchers and policy 
makers to make appropriate interpretations, 
which can optimally impact on public health 
and clinical practice. Hence, the goal of this 
review is to provide a summary of the substan
tial evidence on the impact of passive heat 
therapies on various health outcomes. We aim 
to accurately represent the scope and findings of 
the reviewed evidence while acknowledging the 
potential of these therapies to contribute to the 
extension of healthspan, based on their demon
strated health benefits and disease prevention 
capabilities. Furthermore, the current review 
will provide insights into the underlying biolo
gical mechanisms through which passive heat 
therapies exert their beneficial health effects 
and potentially extend the healthspan; health, 
clinical and policy implications of the findings; 
gaps in the existing evidence base and future 
directions. This review will mostly focus on evi
dence from the traditional Finnish saunas since 
they are the most widely studied to date. While 
the emphasis remains on Finnish sauna, other 
modalities are given due consideration, espe
cially in sections where they have been rigor
ously studied.

Table 1. Types of passive heat therapies by temperature and 
humidity levels.

Type Temperature,°C Humidity, %

Hot tub 37–40 Varies
Russian sauna/sanarium 50–60 40–70
Waon therapy 40–60 50–70
Balneotherapy 34–38 Varies
Hamman/steam room 40–50 100
Infrared sauna 30–40 0
Sauna (wet) 40–60 100
Finnish sauna 70–110 10–20

The exact temperatures and humidity levels can vary depending on 
personal preferences, location, and specific equipment. 
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Types of passive heat therapy

Finnish sauna

Sauna bathing is a form of passive heat therapy 
which is characterized by exposure to a high envir
onmental temperature for a brief period. Sauna 
bathing is a tradition embedded in the Finnish 
culture and has been used for thousands of years 
for leisure, relaxation, and wellness; it is accessible 
to most people in Finland [28,29]. It is also com
monly used in other Nordic countries. The sauna 
is usually made up of logs or wood with wooden 
benches well above the floor for bathers to sit on. 
The recommended temperature for a dry sauna 
bath is from 80°C to 100°C at the level of the 
bather’s head, but it is significantly lower at the 
floor-level which ensures efficient ventilation and 
makes sure the conditions are comfortable for 
sauna bathers [30]. The relative humidity of 
sauna usually varies from 10 to 20%. 
Temperature and humidity can be temporarily 
increased by throwing water on the hot rocks of 
the sauna heater. Typical sauna sessions consist of 
short stays in the sauna room which are inter
spersed with cooling-off periods (swim, shower, 
jumping in ice cold water, rolling on the snow, 
or a period at room temperature and sauna bath
er’s rehydration) [31]. The duration of stay in the 
sauna room depends on the comfort and tempera
ture of the sauna bather, but it usually ranges from 
5–20 minutes, although longer sauna bathing ses
sions may be used depending on the individual 
[32]. Sauna bathing habits may have changed 
over time, but still a typical Finnish person has 
a sauna bath at least once per week, with the 
average habitual frequency being 2–3 times per 
week [15,33,34].

Hot tub

Hot tub bathing which involves sitting in a hot tub 
with water up to the shoulders at temperatures 
ranging from 37.8–41.0°C, is ingrained in the cul
ture of Japan.

Waon therapy

Waon therapy (which means “soothing warm 
therapy”) is a form of thermal treatment in a far- 

infrared dry sauna maintained at a uniform tem
perature of 60°C; it is the predominant passive 
therapy that is used for the treatment of HF in 
Japan. Patients usually remain in the sauna for 15  
min, and after the sauna, patients are then placed 
in a supine position on a bed outside the sauna 
room where they are covered with blankets for 30  
min [9,10].

Hydrotherapy

Hydrotherapy (also known as water therapy, aqua
tic therapy, pool therapy, and balneotherapy) 
which was widely used in ancient cultures includ
ing Egypt, China and India, involves the use of 
water in any form (liquid, ice, steam) at varying 
temperatures and pressure, to promote health and/ 
or treat diseases [12,35].

Steam baths

They are a form of hydrotherapy, which operate at 
temperatures around 43°C with a humidity level 
of 100%.

Balneotherapy
Also known as spa therapy or hydrotherapy, bal
neotherapy is a traditional therapeutic practice 
that involves treating health conditions by bathing 
or immersion in thermal springs and mineral 
waters at 40°C for 10 minutes [36]. This form of 
therapy has been used for centuries, particularly 
for its benefits in improving mobility in arthritic 
and neuromuscular disorders, as well as in mana
ging low-grade inflammation and stress-related 
pathologies.

Sanarium

A sanarium or Russian sauna (also known as 
banya) is a type of sauna that combines features 
of both traditional saunas and steam rooms. It 
typically offers a milder and more humid heat 
compared to traditional dry saunas.

Leg thermal therapy

The patient’s lower limbs are heated by infrared 
radiation at 45°C for 20 min [37].
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Methods

We conducted a thorough search for observational 
studies, including prospective cohort, nested case- 
control, case-cohort or retrospective cohort stu
dies, randomized controlled trials (RCTs), and 
non-RCTs from MEDLINE and EMBASE up to 
November 2023. Our search focused on the cardi
ovascular and other health benefits of passive heat 
therapies, with a particular emphasis on robust 
systematic reviews and meta-analyses of these 
study designs when available, according to the 
hierarchy of evidence [38]. We combined search 
terms or keywords related to passive heat therapy 
(“Finnish Sauna,” “Waon therapy,” “hot tub,” “hot 
bath,” “hydrotherapy,” “samarium,” “steam bath,” 
“hammam,” “Russian steam bath” and “banya”) 
and cardiovascular and other health outcomes 
(“cardiovascular disease,” “coronary heart disease,” 
“sudden cardiac death,” “heart failure,” “hyperten
sion,” “blood pressure,” “dementia,” “depression,” 
“anxiety,” “pulmonary disease,” “sleep,” “fracture,” 
“mortality,” “lipids,” “inflammation,” “oxidative 
stress,” “arterial stiffness,” “arterial compliance,” 
and “intima media thickness”). We restricted our 
review to studies conducted in human popula
tions, reported in English, and in adults. We 
focused particularly on studies with follow-up 
given that they address temporality; however, 
results of some cross-sectional studies were dis
cussed where relevant.

Health benefits of passive heat therapies

Cardiovascular outcomes

Blood pressure and hypertension
Finnish sauna - Several studies, both experimen
tal and epidemiological, suggest that sauna bath
ing can positively influence BP regulation. 
However, it’s noteworthy that most of these 
investigations targeted individuals with preexist
ing vascular conditions and predominantly 
assessed the immediate impact of sauna on BP 
[39,40]. In studies by Laukkanen et al and Lee 
et al involving 100 participants (56% male, ages 
ranging from 32–75) with at least one cardiovas
cular risk marker, there was a notable decline in 
both systolic and diastolic blood pressure (SBP 
and DBP) post a 30-minute sauna session [34,41]. 

The average SBP dropped from 137 (16) to 130 
(14) mmHg and DBP from 82 (10) to 75 (9) 
mmHg post-sauna, with both showing statisti
cally significant decreases (p < 0.0001) [34,41]. 
Even after 30 minutes of recovery, the SBP was 
still lower than its initial level. Gayda et al [42] 
explored the benefits of just sauna bathing versus 
combining exercise with sauna on daily BP mon
itoring and primary hemodynamic metrics in 16 
individuals with mildly elevated BP. Of these, 8 
were prehypertensive individuals (SBP between 
120 and 139 mmHg) and 8 had stage 
I hypertension (SBP between 140 and 159  
mmHg) [42]. The results from a single sauna 
session showed promising reductions in overall 
BP as gauged by 24-hour recordings. Drawing 
from the results of this study, the researchers 
suggested that both exercise and sauna sessions 
can be effective non-drug approaches for mitigat
ing elevated SBP and average BP in patients not 
yet on hypertension medications [42].

The long-term effects of regular sauna bathing 
on BP and the potential risk of hypertension in the 
broader population remain less explored. Zaccardi 
et al. carried out a unique long-term prospective 
evaluation of the Kuopio Ischemic Heart Disease 
(KIHD) cohort study involving 1,621 males aged 
42–60 years recruited from the general population. 
The study discovered that Caucasian men who 
engaged in regular sauna sessions (4–7 times 
weekly) experienced a remarkable 47% relative 
decrease in the likelihood of developing hyperten
sion over an extensive follow-up period of 24.7  
years [14]. At the study’s outset, participants 
exhibited BP values within the normal range and 
were not on any antihypertensive treatments [14]. 
After accounting for known risk factors and other 
potential confounders, such as alcohol intake, 
socioeconomic factors, and cardiorespiratory fit
ness (CRF) levels, the findings remained 
consistent.

Other passive heat therapies – Several studies 
based on experimental designs have reported BP 
lowering effects of other passive heat therapies 
[43,44]. Brunt and colleagues investigated the 
effects of 8 weeks of repeated hot water immer
sion on various cardiovascular biomarkers in 
young, sedentary humans; their results demon
strated that relative to a sham group, heat 
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therapy reduced mean arterial pressure (MAP) 
and DBP [43]. An experimental study compared 
symptoms, heart rate, and SBP and DBP 
responses to 10 minutes of hot-tub immersion 
in a group of patients with treated hypertension 
and in a control group of normotensive subjects 
[44]. Systolic blood pressure fell in both groups, 
from a mean of 144 to 122 mmHg in the hyper
tensive group and from 130 to 110 mmHg in the 
control group [44]. In a RCT that investigated 
the hemodynamic changes by a single steam bath 
session on cardiovascular functions among 
healthy volunteers, findings showed significant 
reduction in BP immediately after taking steam 
bath and this was sustained for at least 30 min, 
whereas a control intervention did not achieve 
this sustained change [13]. In a recent systematic 
review of 15 studies to assess the effect of heat 
therapy on BP and vascular function, usual heat 
exposure for 30–90 min, over 10–36 sessions vs 
control conditions reduced MAP (mean differ
ence (MD): −5.86 mmHg), SBP (MD: −3.94  
mmHg) and DBP (MD: −3.88 mmHg), respec
tively [45].

Adverse cardiovascular outcomes
Finnish sauna - In a longitudinal evaluation of the 
KIHD study spanning 20.7 years conducted by 
Laukkanen et al., they assessed 2,315 Finnish 
men and discovered noteworthy associations 
between the frequency and duration of sauna ses
sions and a decline in the risk of SCD, fatal cor
onary heart disease (CHD) and CVD, and overall 
mortality [15]. These associations were indepen
dent of several potential confounding factors, such 
as age, body mass index (BMI), SBP, serum low 
density lipoprotein cholesterol (LDL-C) levels, 
smoking habits, alcohol intake, prior history of 
myocardial infarction, presence of type 2 diabetes 
(T2D), CRF, resting heart rate, levels of physical 
activity, and socioeconomic standing. A follow-up 
study showed that higher frequency and duration 
of sauna bathing were each strongly, inversely, and 
independently associated with fatal CVD events in 
middle-aged to older males and females [46]. The 
relationship of duration of sauna bathing with 
CVD mortality was consistent with a dose- 
response association (Figure 1). Furthermore, add
ing information on frequency of sauna bathing to 

Figure 1. Dose-response relationship between duration of sauna bathing and cardiovascular mortality. a, adjusted for age and 
gender; b, adjusted for age, gender, body mass index, smoking, systolic blood pressure, serum low-density lipoprotein cholesterol, 
alcohol consumption, previous myocardial infarction and type 2 diabetes; CI, confidence interval. Reproduced from Laukkanen 
T, et al. [17].
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established cardiovascular risk factors was shown 
to improve the prediction of the long-term risk for 
CVD mortality [46]. Despite some scarce findings 
suggesting a link between frequent sauna use and 
an elevated risk of SCDs [30], which are unex
pected devastating but preventable events, evalua
tion of the KIHD study showed that an increase in 
the frequency and duration of sauna sessions was 
consistently tied to a lower risk of SCD [15,47]. In 
a related vein, Kunutsor et al. presented results 
from a separate cohort of the KIHD study of 
1,628 participants, including both males and 
females, tracked for over 15 years. Their findings 
indicated that regular sauna use (4–7 times 
a week) in comparison to a singular weekly session 
led to a 62% decline in the risk of stroke [48]. This 
association held true for both ischemic and 
hemorrhagic stroke types. In 2242 men without 
a history of VTE in the KIHD prospective cohort, 
having 2–3 sauna sessions per week was associated 
with a 33% reduced risk of VTE compared with 
participants who had ≤ 1 sauna session per week. 
This association was independent of several estab
lished risk factors including lifestyle factors [18].

Other passive heat therapies - In a recent 
prospective study based on 30,076 participants 
aged 40–59 years with no baseline history of 
CVD or cancer followed up from 1990 to 2009, 
having hot tub baths almost daily or every day 
versus zero to two times/week were associated 
with risk reductions in cardiovascular outcomes 
ranging from 23–46% [6].

There is a growing body of evidence on the use of 
passive heat therapies to treat and improve the prog
nosis of patients with HF. To synthesize the existing 
evidence, a recent systematic review evaluated the 
clinical outcomes of heat therapies in patients with 
HF. In their qualitative and quantitative analysis of 
64 eligible studies, heat therapy was observed to 
improve several parameters of HF which included 
the New York Heart Association (NYHA) class 
(which reflects the severity of HF), BP, cardiac geo
metry, left ventricular diastolic volume and atrial 
diameter [49]. Another review specifically evaluated 
the effect of Waon therapy on left ventricular ejec
tion fraction (LVEF), BP, natriuretic peptides (NPs), 
and noradrenaline in patients with HF [8]. Their 
synthesis of 10 studies demonstrated favorable 
effects of Waon therapy on NP andBP (mean 

reduction of 6.0 mmHg for SBP and 4.7 mmHg for 
DBP) in patients with HF [8]. Waon therapy has 
been shown to improve the following in patients 
with PAD: pain score, ankle brachial pressure index 
and blood flow, and the formation of new collateral 
vessels [50,51]. Studies of patients with HF who were 
treated with regular infrared-ray sauna therapy have 
reported reductions in concentrations of brain NPs 
(BNPs) [52,53].

Mortality
Finnish sauna - Based on the KIHD prospective 
study, increased frequency and duration of sauna 
bathing have been shown to be inversely and 
independently associated with a reduced risk of 
all-cause mortality and some cause-specific mor
tality events [15,46,54].

Type 2 diabetes

Finnish sauna – Though there are no specific 
studies that have assessed the relationship between 
Finnish saunas and the risk of T2D, research indi
cates some links between sauna use and diabetes. 
A study published in 1980 investigated the effect of 
the Finnish sauna on insulin absorption from 
a subcutaneous injection site [55]. This study 
involved eight insulin-dependent diabetic patients 
and focused on the disappearance rate of 125I- 
labeled rapid-acting insulin. The results of the 
study showed that exposure to the sauna (twice 
for 25 minutes at 85°C) led to an acceleration in 
insulin absorption by 110% in comparison to 
room temperature [55]. Following the sauna ses
sion, blood glucose concentrations dropped by 
3.0–3.3 mmol/1 (54.1–59.5 mg/100 ml) in compar
ison to the control day without sauna. It’s inferred 
that the hypoglycemic effect of the sauna on insu
lin-treated diabetics is largely due to enhanced 
insulin absorption from the injection site.

Other passive heat therapies – An experimental 
study involving eight patients with T2D who sat in 
a hot tub with water up to their shoulders (tem
perature range of 37.8–41.0°C) for 30 minutes 
a day, six days a week, for three weeks, their 
mean fasting plasma glucose level decreased from 
182 mg/dl (10.1 mmol/l) to 159 mg/dl (8.8 mmol/l) 
(p = 0.02), and their mean HbA1c levels decreased 
from 11.3% to 10.3% (p = 0.004) [56]. In a study 
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that investigated the effects of heat therapy on 
metabolic function in obese women with polycys
tic ovary syndrome, 30 one-hour hot tub sessions 
spread across 8–10 weeks compared with no heat 
therapy led to decrease in fasting glucose from 105 
to 89 mg/dl, reduction in glucose area under the 
curve (AUC) and decline in insulin AUC [57]. In 
a recent qualitative and quantitative synthesis of 
five studies to assess the efficacy of passive heat 
therapy on glycemic and cardiovascular para
meters, and body weight among patients with 
T2D, no significant differences were observed in 
levels of HbA1c, fast glucose and triglycerides pre- 
and post-intervention [58].

Kidney disease and renal function

Finnish sauna - In 2,071 middle-aged and older men 
aged 42–61 years with normal kidney function who 

were recruited into the KIHD prospective study, 
cross-sectional and longitudinal analysis showed 
that frequent sauna bathing (4–7 sauna sessions per 
week) was not associated with impaired renal func
tion (as measured using estimated glomerular filtra
tion rate and serum levels of creatinine, potassium 
and sodium) or the future risk of chronic kidney 
disease [59] (Figure 2). Although intensive sweating, 
induced by sauna with dry or wet heat, usually 
increases losses of water, urea, sodium, potassium, 
and chloride, a sauna bath session does not cause 
significant longer-term changes in serum electrolyte 
or creatinine levels.

Other passive heat therapies - Twelve 
healthy adults underwent passive heating 
(using a water-perfused suit model) before and 
after a 7-day controlled hyperthermia heat accli
mation protocol and the impact of passive heat 
exposure on urine and serum markers of kidney 

Figure 2. Association of frequency of sauna with risk of chronic kidney disease. CI, confidence interval; HR, hazard ratio; ref, reference. 
Model 1: adjusted for age. Model 2: Model 1 plus body mass index, smoking status, systolic blood pressure, total cholesterol, history of type 
2 diabetes, history of hypertension, history of coronary heart disease, alcohol consumption, socioeconomic status, and physical activity. 
Model 3: Model 2 plus estimated glomerular filtration rate. Reproduced from Kunutsor SK, et al. [59].
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function was evaluated before and after heat 
acclimation [60]. The results showed that pas
sive heating did not acutely alter glomerular 
filtration rate, and it did not change the reduc
tion in urine-concentrating ability that occurs 
acutely after passive heat stress. Also, regular 
passive heat acclimation reduced the incidence 
of microalbuminuria that occurs after acute pas
sive heat exposure [60].

Cognitive function and neurodegenerative 
disease

Finnish sauna – Emerging research indicates 
potential protective benefits of sauna use against 
common neurocognitive disorders. In a study by 
Laukkanen et al. involving 2,315 Finnish men aged 
42–60 who were generally healthy at the start, 
those participating in 4–7 sauna sessions weekly 
had their risk of developing dementia and 
Alzheimer’s disease decreased by 66% and 65%, 
respectively, when compared to those with only 
one session per week [17]. In 13,994 men and 
women aged 30–69 years at baseline and free 
from dementia diagnosis who were followed up 
for 39 years, Knekt and colleagues [61] showed 
that frequent sauna bathing (9–12 times/month) 
vs non-frequent sauna bathing (<4 times/month) 
was associated with a 53% reduced risk of demen
tia during the first 20 years of follow-up and 19% 
reduced risk during the entire follow-up.

Other passive heat therapies – No specific stu
dies have evaluated the effect of other potential 
heat therapies on cognitive function and neurode
generative diseases. However, given that heat ther
apy increases the expression heat shock proteins 
(HSPs), which have a protective effect against pro
tein aggregation common to neurodegenerative 
diseases, there have been calls to investigate the 
potential benefits of passive heat therapy for neu
rodegenerative diseases [62].

Cancer

Finnish sauna – In 2,173 men aged 42–61 years 
with no history of cancer who were recruited into 
the KIHD prospective study and followed up for 
a median duration of 24.3 years, frequent Finnish 

sauna bathing (defined as ≥ 4 sauna sessions per 
week) was not associated with the risk of all-cause 
cancer as well as prostate and gastrointestinal can
cers. There was, however, modest evidence that 
frequent sauna bathing may reduce the risk of 
lung cancer.

Other heat therapies – Therapeutic hyperther
mia is a procedure that involves heating tissues to 
a higher temperature level, typically ranging from 
41 to 45°C. The use of therapeutic hyperthermia 
for the treatment of cancer has been in existence 
for many centuries and has commonly been used 
as a complementary treatment to established can
cer treatments such as radiotherapy and che
motherapy [63–65]. This is based on the 
rationale that temperatures ranging from 41 to 
45°C are cytotoxic for cells in an environment 
with a low pO2 and low pH, which are the condi
tions that specifically exist within the tumor envir
onment, due to insufficient blood perfusion [65]. 
Treatment with hyperthermia can be local, regio
nal or whole-body and this depends on the extent 
of the area being treated [65]. In local hyperther
mia, the primary goal is to increase the tumor 
temperature and involves heat being applied to 
a small area such as a brain tumor or tumors 
below the skin or within body cavities such as 
the esophagus or rectum. Regional hyperthermia 
is employed for large body areas such as a limb, 
organ or a body cavity and it involves perfusion 
with heated fluids [65]. Whole-body hyperthermia 
involves introduction of energy into the body, 
while energy losses are minimized at the same 
time; the temperature increase is usually limited 
to 41.8–42°C [65]. This method is commonly used 
to treat metastatic cancer that has spread through
out the body [63]. Several clinical trials have 
reported high response rates and significant reduc
tion in tumor sizes when hyperthermia is used in 
conjunction with other treatments [65,66]. 
However, the use of hyperthermia alone has 
resulted in lower complete overall response rates 
of about 13% [65].

Respiratory function and diseases

Finnish sauna - Sauna bathing appears to offer 
benefits to lung function, including enhancing vital 
capacity, ventilation, and forced expiratory volume 

34 J. A. LAUKKANEN AND S. K. KUNUTSOR



[26,27]. In a study by Cox et al. on 12 male partici
pants with obstructive pulmonary disease, sauna ses
sions resulted in a short-term improvement in their 
lung function [27]. Meanwhile, Laitinen et al.‘s 
review highlighted research demonstrating that 
sauna exposure could aid in improving respiratory 
issues in individuals with asthma or chronic bron
chitis [26]. A trial by Ernst et al. on 50 volunteers, 
with half being exposed to saunas, found that the 
incidence of common colds in the sauna group was 
halved during the final three months of the investi
gation [67]. Kunutsor et al., in the first prospective 
evaluation of the long-term effects of sauna use on 
the risk of pulmonary conditions, discovered that 
frequent sauna sessions (2–3 times weekly or 4–7 
times weekly) lowered the risk of respiratory diseases 
like COPD, asthma, or pneumonia [19]. 
Additionally, specific research has shown that fre
quent sauna use is linked to a decreased risk of 
future incidence of pneumonia [20,21,68,69] and 
COPD [70,71].

Other passive heat therapies – There is some 
evidence linking other heat therapies for the pre
vention and treatment of lung conditions includ
ing respiratory infections. In a RCT that aimed to 
determine whether inhaling fully humidified air at 
43°C (nasal hyperthermia) gave more benefit to 
cold sufferers than inhaling air at 30°C, nasal 
hyperthermia was shown to improve the course 
of a common cold and also give immediate relief 
of symptoms [72]. In a review involving six trials 
from five publications with a total of 387 partici
pants to assess the effects of inhaling heated water 
vapor (steam) in the treatment of the common 
cold, the evidence was mixed and did not show 
any benefits or harms [73]. Four weeks of Waon 
therapy has been shown to improve pulmonary 
hypertension during exercise, exercise tolerance, 
and the quality of life in patients with severe 
COPD [74].

Bone and musculoskeletal health

Finnish sauna - Sauna bathing has been linked with 
an improvement in the pain and symptoms asso
ciated with musculoskeletal disorders such as 
osteoarthritis, rheumatoid arthritis, and fibromyalgia 
[23,24].

Other passive heat therapies – In 13 female 
patients with fibromyalgia syndrome who received 
Waon therapy, they all experienced a significant 
reduction in pain after the first session of Waon 
therapy. The effects of Waon therapy became 
stable after 10 treatments and persisted throughout 
the observation period of a mean duration of 14  
months [75]. Balneotherapy is a common practice 
and has been used for centuries for the treatment 
of musculoskeletal complaints and rheumatic dis
eases. In a comprehensive review to summarize 
RCT data on the effect of balneotherapy on 
chronic inflammatory rheumatic diseases, Cozzi 
and colleagues identified a number of RCTs 
which showed that balneotherapy improved the 
clinical course of conditions such as ankylosing 
and enteropathic spondylitis and psoriatic arthritis 
[76]. In obese patients with knee osteoarthritis, 
thermal balneotherapy was shown to improve 
pain relief, joint function, and walking speed 
until 6 months of follow-up [77].

Skin diseases

Finnish sauna - Though there is no robust evi
dence to suggest that sauna bathing can be used to 
treat or prevent skin disease; a study has suggested 
that sauna bathing may be of benefit to patients 
with psoriasis as it facilitates the removal of the 
hyperkeratotic scales [78]. Indeed, a previous 
study has suggested a protective effect of regular 
Finnish sauna on skin physiology as evidenced by 
stability of the epidermal barrier function, increase 
in hydration of the stratum corneum, and faster 
recovery of elevated water loss and skin pH [79].

Other passive heat therapies - While there 
aren’t any specific studies on the use of passive 
heat therapy to prevent or treat skin diseases, there 
is data that points to its benefits for the skin. In 18 
young, sedentary, otherwise healthy subjects who 
participated in 8 weeks of heat therapy (hot water 
immersion to maintain rectal temperature ≥  
38.5°C for 60 min per session) or thermoneutral 
water immersion, passive heat therapy was shown 
to improve cutaneous microvascular function 
by improving nitric oxide (NO)-dependent dila
tion [80]. Further research needs to investigate if 
this observation has clinical significance for skin 
diseases.
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Sleep health

Finnish sauna – To our knowledge, only one 
study has so far investigated the effects of 
Finnish sauna bathing on sleep patterns. 
Putkonen and Elomaa monitored the sleep pat
terns of five test subjects following a sauna bathing 
session and again after no time spent in the sauna 
[81]. It was observed that the sauna session 
increased the amount of deep sleep significantly; 
during the first two hours, the amount of deep 
sleep increased by over 70%, while during the 
first six hours the figure was 45%. The amount of 
time spent awake after the sauna reduced 
significantly.

Other passive heat therapies – Passive body 
heating such as warm bath immersion with tem
perature 40–41°C for 30 min has been shown to 
promote sleep and improve sleep quality in older 
people with insomnia [82,83].

Infections including COVID-19

Finnish sauna – Some individuals have tended to 
treat common cold symptoms using hot and dry 
sauna. Indeed, sauna exposure has been shown to 
reduce the risk of infections such as common colds 
and pneumonia [20,21,67,69]. Though there are no 
specific studies that show that passive heat thera
pies are effective for treating and preventing 
COVID-19, a review of the existing evidence sug
gests that heat therapy including Finnish saunas 
can prevent or reduce the severity of COVID-19 
[25]. This is based on the rationale that (i) the 
COVID-19 virus (SARS-CoV-2) is very sensitive 
to heat and its infectivity is reduced at higher 
temperatures. These observations are consistent 
with reports which show that warmer weather 
and higher temperatures might reduce the trans
mission of COVID-19 [84–86]; (ii) frequent sauna 
sessions have been shown to boost the immune 
system and reduce the risk of infection 
[1,20,21,67,69]; and (iii) sauna exposure reduces 
systemic inflammation [87,88] which may have 
a role in predicting severe COVID-19 [89]. It has 
been suggested that sauna bathing might be linked 
to lower urinary tract symptoms (LUTS). The pro
posed mechanisms underlying the potential bene
ficial effects of sauna bathing on LUTS include 

relaxation of certain type of muscles and increased 
blood flow in the pelvic region, a general relaxing 
effect, reduced urine production and increased NO 
bioactivity. However, studies so far have not found 
a significant association between sauna bathing 
frequency and prevalence of LUTS [90,91].

Mental health and quality of life

Finnish sauna – Exposure to Finnish sauna has 
been linked to a reduction in the risk of mental 
disorders and improved quality of life. In a RCT 
by Kanji et al., 37 people with chronic tension-type 
headache were randomized to regular sauna bath
ing or advice and education for a period of 8 weeks 
and sauna therapy was demonstrated to substan
tially and significantly improve headache intensity 
[92]. Using the KIHD prospective study, we have 
shown that men who had 4–7 sauna sessions per 
week had a 78% reduced risk of developing psy
chosis in the future compared to men who only 
had one sauna session per week [22]. Having reg
ular sauna baths has also been reported to be 
associated with a better health-related quality of 
life. In a cross-sectional analysis of 524 octogenar
ians followed up in a longitudinal cohort study by 
Strandberg et al., physical function, vitality, social 
functioning, and general health were reported to 
be significantly better among those who were 
sauna users compared with non-users [93].

Other passive heat therapies – Passive heat 
therapies including Waon therapy and far- 
infrared sauna treatments have been shown to 
improve the mental symptoms and the quality of 
life in patients with chronic conditions such as 
chronic pain, chronic fatigue syndrome, depres
sion, T2D and congestive HF [94,95]. In a study 
that examined the effect of Waon therapy on 
mildly depressed patients with general fatigue, 
appetite loss, and somatic and mental complaints, 
4 weeks of Waon therapy decreased somatic and 
mental complaints, and produced a relaxation 
effect [95]. In a RCT that randomly assigned 28 
mildly depressed inpatients with general fatigue, 
appetite loss, and somatic and mental complaints 
to thermal therapy group or nonthermal therapy 
group, patients in the thermal therapy group were 
treated with 60°C far-infrared ray dry sauna for 15  
minutes and were then kept at bed rest with 
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a blanket for 30 minutes once a day, 5 days a week 
for a total of 20 sessions in 4 weeks. Following the 
treatment period, symptoms improved in the ther
mal therapy group compared with the nonthermal 
therapy group [95].

Combined effects of passive heat therapy and 
physical activity and/or exercise training

Finnish sauna

Intermediate cardiovascular phenotypes
Several intervention-based investigations have elu
cidated the synergistic impact of sauna therapy 
coupled with exercise regimen or kinetic activities 
on intermediary cardiovascular outcomes. 
Utilizing a pre-post intervention design, 77 sub
jects presenting with at least one cardiovascular 
risk factor underwent a 15-minute aerobic regi
men on a cycle ergometer, subsequently transi
tioning to a 15-minute sauna session. This 
regime yielded beneficial modulations in para
meters such as MAP, pulse pressure, and augmen
tation index, with these modifications being 
sustained during the post 30-minute recovery per
iod [96]. Another study, adopting a cross-over 
design with equivalent durations, sought to evalu
ate the hemodynamic changes of sauna exposure 
when compared with the combination of aerobic 
exercise and sauna exposure in middle-aged indi
viduals with at least one cardiovascular risk factor. 
Both interventions were observed to elicit compar
able acute hemodynamic alterations, notably the 
decrement in BP and MAP [97]. In a cohort of 16 
patients with untreated hypertension who were 
exposed to sauna alone vs exercise and sauna, 
Gayda et al. showed that exercise and sauna had 
positive effects on 24-hour systolic and mean 
blood pressure; furthermore, both interventions 
reduced total vascular resistance, with positive 
effects lasting up to 120 minutes after heat expo
sure [42]. In a separate study involving seven well- 
trained male cyclists, subsequent to their routine 
training, a 30-minute immersion in a sauna envir
onment (87°C, 11% relative humidity) over a span 
of 10 sequential days manifested a pronounced 
augmentation in plasma volume post the fourth 
session [98]. An experiment encompassing 27 
healthy prehypertensive males subjected to varied 

combinations of sauna and exercise modalities 
demonstrated that the combination of endurance 
training followed by sauna immersion was the 
most efficacious in attenuating BP levels [99]. In 
a contemporary RCT engaging 47 middle-aged 
subjects with at least one conventional cardiovas
cular risk factor, an 8-week regimen of systematic 
sauna sessions combined with guideline-based reg
ular exercise produced substantial beneficial effects 
on CRF, SBP, and total cholesterol indices than the 
standalone exercise regimen; the mean reduction 
in SBP was 8 mmHg [100].

It is believed that the success of Finnish athletes 
in the early to mid-20th century can be partly 
attributed to regular sauna bathing. Finnish ath
letes made it a practice to bring saunas to sporting 
events, including the 1948 Olympics in London. 
These saunas were designed as comprehensive 
recovery facilities, equipped with hot sauna 
rooms, cold showers, and massage tables. They 
were used to ensure optimal recovery from 
intense competition and training. Over the dec
ades, both active individuals and elite athletes 
have made it a routine to use saunas post- 
exercise. Saunas offer a healthy means of recov
ery, relaxing the body, muscles, and mind after 
strenuous physical activity. However, it has been 
observed that extremely high temperatures can 
lead to temporary neuromuscular fatigue. This 
acts as a short-term stressor for the body and 
circulatory system. Studies have shown that pro
longed exposure to sauna temperatures exceeding 
70°C for 30 minutes can be particularly taxing on 
the neuromuscular performance of active indivi
duals [101]. Intense strength training followed by 
a sauna session is more draining on neuromuscu
lar performance than aerobic endurance exercise 
followed by a sauna. Research has shown that 
strength exercises, when combined with a sauna 
session – which demands exhaustive muscle work 
and contraction – are more fatiguing than pairing 
aerobic exercise with a sauna for neuromuscular 
performance [99]. As a result, a relatively 
extended recovery period might be necessary 
before the next training session to achieve peak 
performance after combining strength training 
with a sauna session.

Maintaining an adequate plasma volume is cru
cial for an effective circulatory system, both at rest 
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and during exercise. Sauna bathing has been 
known to cause fluctuations in blood plasma 
volume [102]. There are typically minor to mod
erate decreases in blood plasma volume immedi
ately after sauna bathing. However, this is followed 
by a return to baseline levels or even a slight 
increase. Generally, plasma levels return to normal 
within 30–60 minutes of recovery [99], provided 
there is adequate fluid intake during and after the 
sauna session. A study among healthy individuals 
suggested that the regular combination of endur
ance exercise training followed by sauna sessions 
might consistently increase blood volume levels. 
This could potentially have positive effects on car
diovascular performance during endurance exer
cises [99].

Adverse cardiovascular outcomes
Observational epidemiological research has sug
gested a synergistic cardioprotective effect of reg
ular sauna bathing combined with measures of 
physical activity, as opposed to the singular impact 
of each modality. Evaluation of the KIHD prospec
tive study – which monitored 2,277 middle-aged 
to older Finnish men over an average span of 26.1  
years – it was shown that the combination of 
optimal CRF levels with regular sauna sessions 
offered substantial protection against cardiovascu
lar and all-cause mortality than either elevated 
CRF or frequent sauna exposure in isolation [33]. 
Another supplementary examination of the KIHD 
dataset established that the synergistic relationship 
of increased CRF with regular sauna exposure 
substantially reduced the subsequent likelihood of 
SCDs, over and above the protective effects of each 
individual modality [103].

Other outcomes
In a follow-up evaluation of the KIHD study, 
a combination of high CRF levels and frequent 
sauna baths was demonstrated to be associated 
with a substantially lowered risk of incident pneu
monia compared with each modality alone [69].

Other passive heat therapies

In a study that evaluated the effectiveness of the 
combination of Waon therapy with exercise train
ing vs Waon therapy alone in 28 patients with HF, 

the combined group of Waon therapy and exercise 
training produced marked attenuations in BNP 
concentrations and augmented exercise endurance 
[104]. In a study that investigated the combined 
effects of repeated infrared-ray sauna and exercise 
training vs sauna alone on subjective symptoms, 
cardiac function, daily activities and ambulation 
capacity in 54 patients with chronic HF, the com
bined group showed marked improvements in 
outcomes than the monotherapy group [53]. In 
a clinical investigation targeting overweight, com
munity-residing individuals of middle to advanced 
age, subjects were randomized into four distinct 
cohorts: (A) those receiving a tripartite interven
tion comprising exercise, dietary modifications, 
and hot bathing; (B) those subjected to dual mod
alities of exercise and dietary modifications; (C) 
participants solely benefiting from the hot-bathing 
intervention; and (D) a control group devoid of 
the aforementioned interventions. Upon biweekly 
interventions spanning 3 months, it was observed 
that the cohort experiencing the combined regi
men of exercise, dietary alterations, and hot bath
ing demonstrated substantial improvements in 
anthropometric indices (weight, abdominal cir
cumference, BMI and body fat percentage), mark
edly surpassing the improvements noted in either 
the exclusive hot-bathing group or the control 
cohort [105].

Pathways underlying the beneficial effects of 
passive heat therapies

Metabolic and endocrine pathways

The therapeutic efficacy of passive heat modalities, 
notably Finnish saunas, cuts across several physio
logical systems, with a significant impact on the 
cardiovascular system. The benefits can be attrib
uted to several mechanisms (Figure 3): 1) attenua
tion of BP [14]; (2) decrease in oxidative burden 
[87,106,107] and systemic inflammation [87,88]; 
(3) advancements in arterial pliability and 
enhanced compliance [43,106,108–110]; (4) aug
mentation of endothelial function [111–114]; (5) 
improvement in levels of circulating vascular risk 
indicators like lipids, fatty acids, glycemic metrics, 
NPs, cardiac troponin T, interleukins, and 
C-reactive protein [87,88,100,108,115,116]; (6) 
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enhancement of the cardiorespiratory system [117] 
and cardiovascular function [30,32,118]; (7) induc
tion of analgesic responses via increased beta- 
endorphin levels [119]; (8) enhancement of immu
nological defenses [25,102]; (9) favorable modula
tion of the autonomic nervous system [40], leading 
to heightened norepinephrine synthesis and para
sympathetic orchestration [120–122]; (10) facili
tated excretion of metals like aluminum, cobalt, 
and lead through perspiration [123]; (11) improve
ment in cutaneous microvascular function, espe
cially by enhancing NO-dependent dilation [80]; 
(12) elevated induction of HSPs, integral for cel
lular activities such as immunoregulation and pro
tein fidelity, thereby fortifying against chronic 
diseases [124]; and (13) promotion of neurogen
esis via surges in brain-derived neurotrophic factor 
expression [125].

Passive heat therapy significantly impacts the 
hormonal system, leading to increased concentra
tions of hormones such as plasma renin, cortisol, 
and growth hormone (GH) [126].

While high-intensity exercises result in elevated 
serum cortisol, testosterone, and GH concentra
tions, no significant additional changes in these 
hormone concentrations are noted after adding 
post-exercise sauna bathing. Similarly, sauna ses
sions following exercise do not alter the hormo
nal responses in the same way as exercise training 
alone [127]. Sauna bathing induces various 

hormonal responses, which are mostly temporary 
and diminish by the day following heat exposure 
[128]. These responses tend to vary between indi
viduals accustomed to saunas and those without 
prior experience. For the latter, the sauna acts as 
a stronger stress stimulus due to their lack of 
regular exposure to hot and dry sauna conditions. 
The cortisol response to sauna bathing can largely 
depend on the duration and temperature, with 
higher humidity and temperature typically lead
ing to increased cortisol levels. Factors influen
cing different hormonal reactions include the 
temperature and duration of heat exposure, time 
of day for the sauna session, and individual char
acteristics like age, sex, and body composition. 
Neuroendocrine responses to saunas have primar
ily focused on stress-related hormones such as 
beta-endorphin and ACTH. These hormones 
show variable responses, ranging from 
a decrease, no change, to an increase. When 
heat exposure reaches a level of subjective dis
comfort, the increase in ACTH/beta-endorphin is 
more pronounced [129]. The rise in beta- 
endorphin contributes to the feeling of well- 
being and relaxation post-sauna.

Rissanen and colleagues [99] investigated the 
effects of various physical exercises (endurance, 
strength, combined) followed by sauna bathing 
on serum hormone levels (GH, testosterone, corti
sol) in men. This combination of exercise and 

Figure 3. Proposed mechanistic pathways underlying Finnish sauna baths and health outcomes.
CRP, C-reactive protein; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NO, nitric oxide; ROS, 
reactive oxygen species; TC, Total cholesterol. Reproduced with permission from Laukkanen JA, et al. [1].
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sauna is prevalent among active individuals and 
athletes in Finland. Interestingly, hormone level 
increases were observed after afternoon sauna ses
sions compared to morning sessions, which did 
not induce significant hormonal changes. There 
was an indication that afternoon sauna bathing 
following strength exercise might elevate testoster
one levels the next day due to the combined effects 
of exercise and sauna [127]. Hyperthermia elevates 
the levels of several glucose-regulating hormones. 
In a study on men in a hot bath, glucose, GH, 
b-endorphin, and glucagon levels increased, while 
insulin levels remained unchanged [130]. Both 
sauna and hot baths also raise leptin levels, 
a hormone associated with the feeling of fullness 
[131]. The increased energy expenditure from 
sauna sessions suggests that its regular use might 
offer potential benefits for weight reduction as 
a lifestyle modification. There is compelling evi
dence that acute exposure to hyperthermia, such as 
in saunas, has a reversible negative effect on sper
matogenesis in men. However, the effects of 
chronic hyperthermia (including sauna) are less 
clear-cut. In all studies, changes in sperm induced 
by saunas were reversible within weeks after dis
continuing exposure [128].

Potential avenues that might explain sauna ther
apy’s beneficial effects on psychotic symptoms 
may hinge on its ability to improve mental func
tion and mood. The beneficial effects of sauna on 
pulmonary conditions might be attributed to its 
direct effect on the respiratory tract, leading to 
optimized ventilation, increased pulmonary effi
ciency, and alleviated pulmonary congestion [26]. 
The analgesic pathways activated by sauna sessions 
for musculoskeletal conditions may be channeled 
through dermal sensory nerve terminals [32]. 
Intermittent thermal stresses coupled with pro
found cooling intervals appear to potentiate 
analgesic manifestations, as evidenced by increased 
concentrations of beta-endorphin [119]. The ensu
ing tranquility and euphoria following sauna expo
sure might be correlated to surges in endorphin 
levels [132]. Considering that stress is an etiologi
cal factor in the development of several diseases 
[133], the health promoting effects of sauna might 
partly be attributed to its stress relieving proper
ties. The ability of frequent sauna bathing to aug
ment the beneficial effects of physical activity and 

CRF, suggests a synergistic effect. This is backed 
by evidence showing that (i) the physiological 
responses and adaptations stimulated by a sauna 
bath are similar to those produced by moderate or 
high intensity physical activity [134,135] and (ii) 
the protective effects of sauna bathing on adverse 
outcomes are independent of physical activity and 
fitness levels [18,68,69].

Effects of passive heat therapy on cellular and 
molecular mechanisms of aging

Passive heat therapy, such as sauna bathing or 
other forms of controlled thermal exposure, has 
been gaining attention for its influence on the 
cellular and molecular dynamics associated with 
aging (Figure 4). At the cellular forefront, heat 
therapy fosters the release of HSPs [136,137]. 
These molecular chaperones are essential in pre
serving protein homeostasis and mitigating the 
accrual of misfolded proteins, a recognized hall
mark of cellular aging [138]. Moreover, passive 
heat therapy can amplify autophagy, the cell’s 
intrinsic recycling mechanism which declines 
with age [139]. By revitalizing this process, old 
and potentially detrimental cellular components 
are degraded and repurposed, bolstering cellular 
vitality and function. At the molecular stratum, 
heat therapy has the potential to counteract oxi
dative stress by enhancing antioxidant defense 
mechanisms [140]. Given that cumulative oxida
tive damage is inextricably linked with the aging 
trajectory and the emergence of age-related con
ditions, this facet is of prime importance. 
Passive heat therapy reduces systemic inflamma
tion [87,88], which is a hallmark of aging. 
Passive heat therapy also exerts beneficial effects 
on the mitochondria by increasing mitochon
drial enzyme content and respiratory capacity 
of muscle cells [141]. Aging is known to be 
associated with a decline in mitochondrial func
tion [142,143], which can promote various age- 
related conditions, including sarcopenia and 
CVDs [142,144]. Additionally, thermal interven
tions have demonstrated modulation of salient 
signaling pathways, notably the sirtuin pathway, 
renowned for their ability to delay multiple dis
eases of aging and implications in longevity and 
metabolic orchestration [145]. In summation, 
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while this is a topic for further investigation, 
initial insights show that passive heat therapy 
might be a potential tool in influencing the 
cellular and molecular processes inherent to the 
aging paradigm.

Adverse effects of passive heat therapies

Finnish sauna

Finnish sauna is a cherished recreational activity 
celebrated for its wellness and relaxation benefits. 
In general, those in good health find the hot and 
dry environment of a Finnish sauna, with tempera
tures ranging between 80–100°C and humidity 
levels of 10–20%, both tolerable and pleasurable 
[30,146]. While there were initial reservations – 
primarily based on anecdotal evidence – about its 
suitability for individuals with cardiovascular 

conditions due to the sauna’s demand on the car
diovascular system [32,147], current research indi
cates that those with stable cardiovascular 
conditions can safely engage in sauna bathing 
[30,148]. Benefits such as increased cardiac output, 
improved ventricular arrhythmias, and overall 
symptomatic improvement have been documented, 
especially among patients with HF 
[108,113,120,149]. Despite its advantages, it’s neces
sary to engage in sauna bathing with caution, par
ticularly concerning alcohol consumption. There 
have been instances linking saunas to sudden 
deaths, largely influenced by alcohol, which magni
fies risks of hypotension, cardiac complications, and 
potential accidents [148,150,151]. For those with 
specific symptomatic or unstable conditions like 
unstable coronary artery disease, sauna bathing 
could be detrimental [32]. It’s generally advised 

Figure 4. Mechanisms mediating the anti-aging health benefits of passive heat therapy.
This figure illustrates how passive heat therapies contribute to healthy aging by potentially reversing or attenuating underlying 
cellular and molecular mechanisms of aging as well as preventing or delaying the onset of age-related diseases in multiple organ 
systems
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that individuals with conditions such as recent 
myocardial infarction, severe aortic stenosis, uncon
trolled hypertension, or severe valvular disease exer
cise caution or avoid saunas entirely due to 
potential BP fluctuations and other risks 
[30,148,152]. Other conditions warranting caution 
include fever, skin abrasions, urticaria, and certain 
infections [24,78]. Sauna-related burns represent 
a tangible concern. A retrospective study over 
seven years found that a significant 26% of burn 
cases were linked to sauna sessions, often resulting 
from contact with the hot stove or steam. Notably, 
alcohol played a role in 40% of these incidents 
[153]. The tradition of interspersing short sauna 
sessions with quick cool-offs in cold water, while 
popular and seemingly beneficial to athletes [154], 
may be associated with adverse reactions, particu
larly in individuals with cardiovascular conditions 
[155,156]. This rapid transition from hot to cold 
stimulates cold receptors, leading to a cascade of 
physiological responses that could be dangerous for 
those with preexisting cardiovascular conditions 
[157,158].

Interestingly, a study with young Finnish par
ticipants highlighted that the combination of 
sauna and cold immersion, while causing signif
icant hormonal changes, was generally well tol
erated by those without HF [40]. Yet, caution is 
necessary, especially for those with unstable car
diovascular conditions. The profound physiolo
gical shifts between heat exposure and cold 
immersion can trigger rapid hemodynamic 
changes and a heightened risk of arrhythmias, 
particularly in patients with recent acute myo
cardial infarction or other underlying cardiac 
diseases [146]. Indeed, there have been fatal 
instances where individuals plunged headfirst 
into cold water post-sauna, leading to coronary 
artery constriction and reduced heart oxygen 
supply [134,159]. The associated risks, heigh
tened by the secretion of adrenocorticotropic 
hormone, cortisol, and catecholamines, empha
size the need for thorough research to provide 
clearer guidelines on sauna bathing combined 
with varying cooling-down procedures, espe
cially for patients with preexisting cardiovascular 
issues.

Other passive heat therapies

Exposure to heat during passive heat therapies, 
including Finnish saunas, can elevate body tissue 
temperatures, stimulating sweating and vasodila
tion, which in turn can lead to dehydration if 
fluid loss is not adequately replenished [160]. 
Dehydration can exacerbate the effects of heat 
stress, affecting thermoregulation and increasing 
the risk of heat-related illnesses like heat exhaustion 
or heat stroke [161]. Dehydration risks due to pro
longed immersion can lead to dizziness or fainting. 
Factors such as individual heat tolerance, which can 
vary due to infections, electrolyte disturbances, or 
physical condition, play a crucial role in suscept
ibility to heat stress [162]. Additionally, certain 
demographic groups, like older adults or those 
with preexisting medical conditions, may be more 
vulnerable to the adverse effects of heat and dehy
dration [163].

Hot tubs - Prolonged exposure can also result 
in heat rashes or folliculitis, influenced by bacterial 
infections. Poorly maintained hot tubs may harbor 
Mycobacterium avium, resulting in “hot tub lung” 
[164]. Furthermore, soaking in a hot tub can lead 
to dangerous drops in BP [165].

Waon therapy - Generally considered safe but 
can lead to mild heat-related discomfort in those 
unaccustomed to thermal therapies. Overexposure 
might cause dehydration or heat stress.

Hydrotherapy - Risks include water-borne infec
tions if cleanliness is not maintained and potential 
slipping hazards. Sudden shifts from hot to cold 
water can stress the cardiovascular system [12].

Sanarium - Respiratory discomfort can arise 
due to the increased humidity, especially in indi
viduals with preexisting respiratory conditions.

Steam baths - High humidity can exacerbate 
respiratory issues especially in individuals with 
conditions like asthma or COPD. There’s also 
a risk of steam burns and overheating from pro
longed sessions [166]. The heat and humidity of 
a steam bath can put stress on the cardiovascular 
system.

Infrared saunas - Overexposure or improper 
use can lead to burns or heat-induced conditions, 
and light-sensitive individuals may experience 
flare-ups.
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As with any therapy, it’s essential to monitor 
individual reactions and consult healthcare profes
sionals before initiation. Proper hydration and 
adherence to session guidelines can help reduce 
adverse effects.

Optimizing passive heat therapy: Clinical and 
public health implications

The potential of passive heat therapy, particularly 
Finnish saunas, to positively impact on health and 
well-being has implications for public health and 
clinical care. Finnish saunas, characterized by high 
temperatures in a low humidity environment, are 
emerging as prominent therapeutic tools, with the 
most consistent evidence backing their beneficial 
health effects. The overall evidence suggests that 
reaping the optimal benefits from sauna sessions 
requires a frequency of 3–7 sessions per week, with 
each session lasting approximately 15–20 minutes. 
Given the range of passive heat therapies available, 
choosing the most suitable modality based on an 
individual’s specific health requirements becomes 
paramount. Therapeutic protocols need to be tai
lored to individual health needs and contraindica
tions. Finnish saunas can act as an adjunct to 
existing therapeutic strategies, especially for con
ditions such as hypertension, CVDs, and muscu
loskeletal disorders. When combined with regular 
physical activity, this dual approach can lead to 
optimized health outcomes and enhanced quality 
of life. Beyond the physical, the role of saunas in 
promoting mental well-being and improved sleep 
quality further enhances their potential as 
a holistic health tool.

From a public health perspective, the wide
spread benefits of passive heat therapies suggest 
a need for increased accessibility. Advocacy for 
more sauna facilities in community centers, 
gyms, and public health clinics could ensure that 
a broader section of society avails of these benefits. 
Raising awareness is key. Public health campaigns 
can highlight the several advantages of passive heat 
therapies and underscore the benefits of combin
ing them with regular physical activity. To achieve 
maximal cardiovascular and overall health bene
fits, combining sauna sessions (3–7 sessions per 
week, with each session lasting approximately 
15–20 minutes) with the physical activity guideline 

recommendations of at least 150–300 minutes of 
moderate-intensity or 75–150 minutes of vigorous- 
intensity physical activity per week could be 
a game-changer. This synergistic approach could 
pave the way for substantial improvements in car
diovascular health, overall well-being, and long
evity. As we navigate the evolving landscape of 
health and wellness, refining recommendations 
based on new evidence, and integrating passive 
heat therapy into wellness and preventive health 
programs can yield dividends for population 
health. In essence, passive heat therapies, especially 
Finnish saunas, represent a promising nexus of 
tradition and science.

Future directions

The increasing interest in passive heat therapies, 
especially Finnish saunas, and their potential to 
ameliorate a plethora of health conditions and 
potentially extend the healthspan, sets the stage 
for a promising future of research and application. 
As we move forward, several areas merit attention:

Expanding the scope of research: While 
Finnish saunas have been studied extensively, 
other forms of passive heat therapies remain rela
tively underexplored. Future studies should delve 
deeper into the specific health benefits of hydro
therapy, Waon therapy, infrared saunas, and other 
modalities to identify their unique advantages and 
optimal conditions for use. Previous RCTs of these 
passive heat therapies had shortcomings with 
regards to design and methodological quality, 
such as randomization procedures and low statis
tical power. Hence, large, definitive, and rigorous 
RCTs are needed going forward. Further studies 
on the mechanistic pathways underlying the health 
benefits of passive heat therapies are also 
warranted.

Future studies: To truly understand the long
evity benefits and potential side effects, longitudi
nal studies spanning decades will be essential. Such 
studies can elucidate the lasting impact of regular 
passive heat therapy on lifespan, healthspan, and 
potential risks. The majority of longitudinal stu
dies of Finnish sauna have been based on the 
KIHD cohort (Figure 5), which increases the like
lihood of type 1 error due to multiplicity [167], 
given the use of the KIHD study to test for 
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associations of sauna bathing with multiple out
comes. Furthermore, given the well-established 
health benefits of Finnish sauna, definitive trials 
that randomize patients to Finnish sauna and 
other passive heat therapies would help address 
gaps in the evidence base. Head-to-head compar
isons of passive heat therapies and physical activ
ity/exercise are also urgently warranted. Finally, 
RCTs of passive heat therapies that measure bio
markers of healthspan across months to a few 
years could provide extensive insight on the 
impact of passive heat therapies on the healthspan.

Personalized approaches: - Given the variability in 
individual responses to passive heat therapies, 
research that investigates personalized protocols 
based on genetics, preexisting health conditions, and 
individual preferences could provide more tailored 
and effective therapeutic solutions.

Integration with other therapies - Exploring 
how passive heat therapies can be synergistically 
combined with other interventions, such as diet, 
cognitive training, or novel pharmaceuticals, can 
provide insights into holistic wellness strategies.

Technological innovations - Leveraging tech
nology to enhance the efficacy of passive heat 
therapies can be a frontier of innovation. For 
instance, integrating sensors to monitor vital 
signs during sauna sessions or creating AI-driven 
personalized heat therapy protocols based on real- 
time data can optimize therapeutic outcomes.

Public awareness and accessibility - While the 
health community is becoming increasingly cogni
zant of the benefits, more extensive public awareness 
campaigns are essential. Collaborating with medical 
schools to include sauna therapy in the curriculum 
could be a starting point. This could involve present
ing current research findings on sauna use and its 
health benefits, as well as exploring potential risks 
and contraindications. Organizing community 
events, wellness programs, and educational seminars 
can raise awareness among the general public. 
Collaborating with wellness influencers and lever
aging social media platforms can also be effective. 
Partnering with health and wellness centers, spas, 
and gyms to offer sauna facilities and education 
about its benefits can help integrate sauna use into 

Figure 5. Health benefits of Finnish sauna bathing: insights from the KIHD study.
CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; KIHD, Kuopio Ischemic Heart 
Disease; SCD, sudden cardiac death; VTE, venous thromboembolism
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regular health and wellness routines. Such initiatives 
can be complemented by efforts to make passive heat 
therapy facilities more accessible, especially in 
regions where they aren’t traditionally popular.

Policy implications - As evidence increases 
regarding the health benefits of passive heat thera
pies, there is a compelling case for policymakers to 
consider subsidizing access to such facilities, inte
grating them into healthcare recommendations, 
and supporting further research through grants 
and other funding mechanisms. For instance, 
guidelines of the Osteoarthritis Research Society 
International (OARSI) recommend balneotherapy 
as a management strategy for patients with multi- 
joint osteoarthritis and comorbidities [168].

Environmental and sustainable considerations 
- With the rising popularity of saunas and other 
heat therapies, it will be crucial to consider their 
environmental footprint. Future directions should 
include designing sustainable sauna systems, 
ensuring energy efficiency, and promoting prac
tices that are ecologically responsible, such as the 
reuse of heated sauna energy for housewarming.

Safety protocols - With increasing usage, the 
establishment of clear safety and operational 
guidelines for passive heat therapies will be para
mount. This would include precautions for specific 
populations, such as older people, pregnant 
women, or those with certain medical conditions.

Conclusions

Passive heat therapies, notably Finnish saunas, are 
emerging as potentially powerful and holistic stra
tegies to promoting health and longevity. The 
compelling evidence underscores their potential 
in mitigating various health conditions, augment
ing the benefits of established lifestyle interven
tions like physical activity, and enhancing overall 
well-being. Considering the public health burden 
of CVD risk related to hypertension, the blood 
pressure-lowering effect of regular sauna use is 
a very welcome lifestyle intervention to prevent 
CVDs.

As the scientific community delves deeper into 
optimizing these therapies and integrating them into 
routine healthcare, individuals worldwide stand to 
reap the myriad benefits. Moving forward, it is essen
tial to continue rigorous research, raise public 

awareness, and ensure accessibility, ensuring that pas
sive heat therapies remain a cornerstone in the quest 
for a healthier and longer life.
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