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ARTICLE INFO ABSTRACT
I{EyvyordS: ) Sudden cardiac death (SCD) is a global public health burden accounting for 15-20% of all deaths. Though
Finnish sauna bathing established atherosclerotic risk factors explain a large proportion of the risk of SCD, these factors are often absent

Sudden cardiac death in a large proportion of SCD victims and the pathogenesis of SCD is still not fully established. It therefore appears

that additional factors may be involved. Sauna bathing is a traditional Finnish activity that is mainly used for the
purposes of relaxation and pleasure. Beyond its use for these purposes, sauna bathing has been linked with sev-
eral health benefits. Emerging evidence suggests that sauna bathing is associated with reduced risk of adverse
cardiovascular (CV) disease (CVD) and non-CVD outcomes as well as mortality. A number of reports have linked
sauna bathing with reduced or increased risk of SCD, but the evidence is uncertain. This review summarizes avail-
able studies linking sauna bathing with SCD, the postulated mechanistic pathways underlying these associations,
outlines areas of outstanding uncertainty, and the implications for prevention. We employed a comprehensive
search for observational studies, randomized controlled trials (RCTs), and non-RCTs from MEDLINE and Embase
since their inception until March 2019. Observational data suggest that regular sauna bathing is associated with a
substantial risk reduction in SCD. Furthermore, the data suggest that a combination of regular physical activity
and sauna baths confers substantial risk reduction for SCD compared with either modality alone. Few reports
have linked sauna baths with SCDs, but these single case incidents have been attributed to the effects of dehydra-
tion, hypotension, and cardiac arrhythmias due to a combination of sauna exposure and alcohol consumption.
Sauna bathing is generally safe for most healthy people and even among patients with stable CVD, if used sensibly
and with caution. Plausible pathways underlying the protective effect of sauna bathing on SCD may be linked to
the impact on CV function via reduced arterial stiffness, decreases in inflammation and oxidative stress, stabiliza-
tion of the autonomic nervous system, beneficial changes in circulating lipid profiles and other CVD risk markers,
and lowering of systemic blood pressure. Sauna is a potential novel tool to promote SCD prevention in addition to
other known means, being an enjoyable way to take care of general health and well-being.

© 2019 Elsevier Inc. All rights reserved.
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Introduction onset of symptoms, leaving only a little time for effective intervention.'

Sudden cardiac death (SCD) is a global public health burden, ac-
counting for 15-20% of all deaths and approximately half of all deaths
from cardiovascular (CV) disease (CVD). It is an ongoing challenge for
affected families, physicians and healthcare systems.!? Coronary heart
disease (CHD) is the most common associated pathology, underlying
approximately 70% of all SCD events.> However, despite reported de-
clines in the incidence of CHD over the past decades due to major ad-
vances in treatment and prevention strategies,*> SCD rates have
declined to a lesser extent.® Through identification and greater knowl-
edge of clinical risk factors for SCD, our understanding of SCD preven-
tion is improving. However, the pathogenesis of every case of SCD is
still not fully understood or established. Though established atheroscle-
rotic risk factors explain a large proportion of the risk of SCD,” these fac-
tors are absent in a large proportion of SCD victims.® Thus, it appears
that other factors may be involved in the pathogenesis of SCD. Abundant
evidence in the arena of CV epidemiology supports the concept that the
modulation of risk factors plays a pivotal role in SCD risk prediction and
prevention. Therefore, identifying and understanding novel risk factors
may offer new opportunities for SCD prevention in the population.

Sauna bathing, a passive heat therapy, is a traditional Finnish activity
that is mainly used for the purposes of relaxation, wellness and
pleasure.®'° Beyond its use for these purposes, anecdotal reports have
linked sauna bathing with a multitude of health benefits. Regular
sauna bathing has been used as a method of “hardening,” which
means enhancing the body's resistance.!! It has also been suggested
that sauna bathing enhances elimination of toxins from the body as a re-
sult of increased sweating.!? Over the last decade, a considerable
amount of robust research reports have been published on the potential
health benefits of sauna bathing as well as the putative mechanistic
pathways underlying these effects. The evidence suggests that sauna
bathing is associated with reduced risk of adverse CVD and non-CVD
outcomes, as well as mortality.!®> Although a number of reports have
linked sauna bathing with reduced or increased risk of SCD, the evi-
dence is sparse and scanty. There is, therefore, a need to aggregate the
data to enable appropriate interpretation. This review summarizes
available evidence linking sauna bathing with SCD, the postulated
mechanistic pathways underlying these associations, outlines areas of
outstanding uncertainty, and the implications for prevention. Although
there exist different forms of passive heat therapy (e.g., infrared-ray
sauna, repeated hot water immersion, Waon therapy, Turkish bath,
etc.), this review will only focus on evidence from the traditional Finnish
saunas, since they are the most widely used and researched to date. We
employed a comprehensive search for observational studies, random-
ized controlled trials (RCTs), and non-RCTs from MEDLINE and Embase
since their inception until March 2019; with particular emphasis on
Finnish sauna baths. Search terms included “sauna bath”, “Finnish”,
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“cardiovascular disease”, “coronary heart disease”, “sudden cardiac

” o« ” o

death”, “mortality”, “lipids”, “hormones”, “endothelial function”, “in-
flammation”, “oxidative stress”, “arterial stiffness”, “arterial compli-
ance”, and “intima media thickness”. Studies were restricted to those

conducted in human adults and written in English.

Sudden cardiac death

The term SCD has generally been referred to as an unexpected death
or cardiac arrest from a CVD cause.! It is commonly defined as an unex-
pected death from a CVD cause, which occurs typically shortly after the

Indeed, SCD is a devastating event which affects families, healthcare sys-
tems and global economies'? and is one of the leading causes of mortal-
ity and also responsible for approximately half of all deaths from CVD.'*
Though there is a dearth of information on SCD from global regions of
low and-middle income countries, data abound in North American
and European populations. The incidence of SCD in these regions is in
the range of 50-100 per 100,000 in the general population.’'> Also,
SCD rates are reported to vary according to geographic area and climatic
conditions.'®!”

Despite the relevance and societal burden of SCD and great improve-
ments made in identifying risk factors for SCD, our understanding of the
epidemiology and pathophysiology of SCD is still limited. The largest ab-
solute number of SCDs occurs in the adult population and among previ-
ously asymptomatic individuals. Data from large-scale epidemiologic
studies have identified several established and emerging risk factors for
SCD (Table 1). Common non-modifiable risk factors for SCD include age,
sex and ethnicity. Compared to women, men have a three- to four-fold
risk for SCD;! and it is also well established that African-American popu-
lations have higher SCD rates compared to Caucasians or Hispanics.'® The
incidence of SCD has also been reported to be lower among Asian
populations.'® Certainly, CHD is the most common structural pathology
underlying majority of SCDs.> Indeed, CHD or atherosclerotic risk factors,
such as obesity, hypertension, diabetes, dyslipidaemia, and cigarette
smoking, explain a certain proportion of the risk of SCD.”2%?! Although
these risk factors are established predictors of SCD at a population level,
they are not specific enough to determine individual risk of SCD and
have not been adequate to explain the pathogenesis of SCD. Lifestyle
and environmental factors, such as dietary patterns (e.g.,
Mediterranean-style diet, fish consumption), physical inactivity, cardiore-
spiratory fitness (CRF), emotional stress, alcohol use, air pollution, and
seasonal variation, have also been linked to SCD.?~?” Though available
data support a decline in the incidence of SCD in recent years, contempo-
rary data suggest a potential rise in rates.?2° Therefore, there is a need to
identify additional specific markers such as life-style risk factors which
could be useful tools in SCD prevention.

Finnish sauna bathing

In Finland, sauna bathing is inexpensive and easily accessible to the
majority of the population. As at the end of 2017, the estimated total
number of saunas was over 2 million for the population of about 5.5
million.2° Unlike other forms of passive heat therapies, the typical Finnish
sauna has dry air and a high temperature with a good ventilation system.
Sauna bathing is characterized by exposure to a high temperature dry en-
vironment for a brief period. The basic sauna is usually a wood-panelled
room, with a rock-filled electric heater, and has wooden benches well
above the floor for bathers to sit on (Fig 1). The benches are made of
obeche, spruce, or aspen as they are less hot to sit on. The size of a
sauna is at least 3 m? which ensures a correct balance between heat, hu-
midity, and ventilation. The recommended temperature for a sauna bath
is between 80 °C to 100 °C at the level of the bather's face, but it is lower
(30 °C) at the floor level to ensure efficient ventilation and to improve
bather comfort.! Other forms of passive heat therapy run at tempera-
tures between 45 °C to 60 °C. A good sauna should have efficient ventila-
tion (i.e., the air should change 3 to 8 times per hour®?). The air has a
relative humidity varying from 10 to 20%. The temperature and humidity
can be temporarily increased by throwing water on the heated rocks.
Usual sauna sessions consist of several short exposures in the sauna
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Table 1
Established and emerging risk factors for sudden cardiac death.

Demographics
Older age
Male gender
Race or ethnicity (African-American)
Atherosclerotic Risk factors
Dyslipidaemia
Diabetes
Hypertension
Cigarette smoking
Obesity
Lifestyle, socioeconomic, and psychosocial factors
Excessive alcohol consumption
Physical inactivity (low cardiorespiratory fitness)
Diet (n-3 polyunsaturated fatty acids, Mediterranean diet)
Recreational drug use
Depression
Anxiety
Psychosis
Social isolation
High degree of life stress
Low socioeconomic status
Low educational status
Ischemic and non-ischemic structural heart disease
Coronary heart disease
Previous myocardial infarction
Heart failure
Left ventricular dysfunction
Dilated cardiomyopathy
Hypertrophic cardiomyopathy
Arrhythmogenic right ventricular dysplasia
Valvular heart disease
Congenital heart defects
Infiltrative diseases (sarcoidosis, amyloidosis)
Comorbidities
Atrial fibrillation
Ventricular tachycardia or fibrillation
Chronic kidney disease
Obstructive sleep apnoea
Primary or inherited arrhythmic disorders
Long and short QT syndrome
Brugada syndrome
Wolff-Parkinson-White syndrome
Arrhythmogenic right ventricular cardiomyopathy
Catecholaminergic polymorphic ventricular tachycardia
Electrocardiographic parameters
Heart rate
Prolonged QRS duration
Pathologic Q waves or dynamic ST segment changes
QTc interval
QRS-T angle
QRS transition zone
T-peak-to-T-end interval
Increased R wave voltage
Genetics
Family history of sudden cardiac death
Family history of long QT syndrome, Wolff-Parkinson-White
syndrome
Specific mutations/polymorphisms
Environmental factors
Air pollution
Diurnal/seasonal variation

interspersed with periods of cooling-off (swim, shower, or a period at
room temperature), followed by intake of fluids. The duration of stay in
the sauna room usually ranges from 5 to 20 min depending on the tem-
perature and comfort of the sauna bather; some individuals may have
longer sauna bathing sessions.>> The majority of Finns take 1 or more
sauna baths a week, starting in childhood, but the average habitual fre-
quency reported is 2-3 times per week. 43¢

Sauna bathing and sudden cardiac death

Except for two studies published by our group, there is no other ev-
idence on the long-term effects of regular sauna bathing on the risk of

SCD in the general population. Laukkanen and colleagues employed
the Kuopio Ischemic Heart Disease (KIHD) prospective study of 2315
middle-aged Finnish men whose self-reported sauna bathing habits
were assessed at baseline and were followed over a period of
20.7 years. The study found increased frequency and duration of sauna
bathing to be inversely associated with the risk of SCD and other CVD
outcomes, as well as all-cause mortality.>> Compared with men who
took one sauna bathing session per week, the hazard ratio of SCD was
0.37 (95% confidence interval, 0.18 to 0.75) for men who took 4 to 7
sauna bathing sessions per week. Also, compared with men having
sauna bathing sessions lasting <11 min, the hazard ratio for SCD was
0.48 (95% confidence interval, 0.31 to 0.75) for sessions lasting
>19 min. These analyses took into account a comprehensive panel of po-
tential confounders that could have influenced the associations, includ-
ing age, body mass index, systolic blood pressure, serum low-density
lipoprotein, cholesterol level, smoking, alcohol consumption, previous
myocardial infarction (MI), type 2 diabetes mellitus, CRF, resting heart
rate, physical activity (PA), and socioeconomic status. In another study
that employed the KIHD cohort, Laukkanen and colleagues demon-
strated that the combined effect of high CRF level and frequent sauna
baths was associated with a substantially lowered risk of SCD compared
with high CRF or frequent sauna bathing alone.” In this study of 2291
men, CRF was objectively measured (using respiratory gas exchange an-
alyzers during cycle ergometer exercise testing) and self-reported
sauna bathing habits were assessed at baseline. In this analysis, CRF
was categorized as low vs. high (using median cutoffs), and frequency
of sauna bathing as low vs. high as well (defined as <2 and 3-7 ses-
sions/week respectively). Cumulative hazard curves showed reduced
risk of SCD among participants with high CRF and high frequency of
sauna bathing compared with other groups (Fig 2). In analyses that ad-
justed for several confounders, compared to men with low CRF and low
frequency of sauna bathing, the hazard ratios of SCD for the following
groups: high CRF and high frequency of sauna bathing; high CRF and
low frequency of sauna bathing; and low CRF and high frequency of
sauna bathing were 0.31 (95% confidence interval, 0.16 to 0.63), 0.49
(95% confidence interval, 0.34 to 0.70), and 0.71 (95% confidence inter-
val, 045 to 1.10), respectively.

Aside from these two studies, several other studies based on obser-
vational and interventional designs have reported a beneficial effect of
sauna bathing on indices of CV function and intermediate phenotypes
for SCD.2%4

Pathways underlying the protective effect of sauna bathing on SCD

Sauna bathing creates a sense of wellbeing, relaxation, hedonia, or
camaraderie, which reduces stress, a potential trigger of SCD.> We also
propose plausible pathways underlying the protective effects of sauna
bathing on SCD (Table 2). During a sauna session, the increased body
temperature causes more efficient skin blood flow, leading to increased
cardiac output, and blood flow to internal organs decreases.®", The in-
creased sweating is accompanied by a reduction in blood pressure, and
the heart rate may increase from baseline up to 120-150 beats per
minute. Though there is no active function of skeletal muscles during
sauna baths, it has been reported that the response produced by an or-
dinary sauna bath corresponds to that produced by moderate or high in-
tensity PA, such as walking.** Sauna bathing appears to work
comparably to PA by systemic blood pressure reduction;*! reduction
in oxidative stress*>**® and inflammation;***” improvement in endo-
thelial function;*®->° positive alteration in levels of circulating
lipids;>!>? improvement in glucose metabolism;>? improved arterial
stiffness, arterial compliance, and intima media thickness;3¢4>>4-56
and improvement in the cardiorespiratory system®’ as well as CV
function.!>°8 Some early evidence indicates that sauna bathing im-
proves cardiac autonomic nervous system balance, leading to an in-
crease in vagal tone and a decrease in sympathetic tone, with positive
modulations in heart rate variability during the recovery from sauna.>®
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Fig 1. Finnish sauna bath.

Serious arrhythmias leading to SCD may be triggered due to cardiac au-
tonomic nervous system unbalance, and sauna bathing could be a po-
tential stabilizing factor with its positive modulating effects.3® All
these pathways contribute to beneficial CV health and may underline
the protective effect of sauna bathing on SCD. Furthermore, sauna ses-
sions stimulate the production of hormones such as plasma renin, corti-
sol, growth hormone, and norepinephrine.>*%' The levels of
norepinephrine induced by sauna exposure have been reported to be
similar to levels triggered by maximal PA.%? Though regular PA has an

0.30

0.20

0.107

Cumulative Hazard SCD

established role in reducing the risk of chronic diseases and CVD
outcomes,®>~%” there have been reports that vigorous exercise might
trigger SCDs.57%8 However, most studies support the notion that PA
lowers the risk of SCD.®° Given the emerging evidence of a protective ef-
fect of sauna exposure on SCDs, it is plausible that the combination of
both activities might confer additional protection. Indeed, we have re-
cently shown that a combination of high CRF levels and frequent
sauna bathing confers stronger long-term protection on SCD compared
with high CRF or frequent sauna bathing alone.?” The benefits of

P-value for log-rank < 0.0001

—

0.00

Number at risk
Joint FSB and CRF categories

Low CRF-Low FSB 937 865
High CRF-Low FSB 862 839
Low CRF-High FSB 209 202
High CRF-High FSB 283 280

T T T T T
10 15 20 25 30
Follow-up time (years)

774 675 563 431 51
818 773 720 624 62
182 171 154 128 14
269 256 241 210 10

Low CRF & Low FSB
Low CRF & High FSB

High CRF & Low FSB
High CRF & High FSB

Fig 2. Cumulative Kaplan-Meier curves for sudden cardiac death during follow-up according to CRF and sauna bathing frequency groups.
(Reproduced with permission from Laukkanen JA et al., Prog Cardiovasc Dis. 2018; 60(6):635-641; CRF, cardiorespiratory fitness; FSB, frequency of sauna bathing.)
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Table 2
Postulated mechanistic pathways underlying protective effects of sauna bathing on SCD.

Decrease in systemic blood pressure

Improved endothelial function

Improved arterial stiffness, arterial compliance, and intima media thickness

Stabilization of the autonomic nervous system

Reduced inflammation

Improved glucose metabolism, sensitizing the tissue for the insulin-dependent
glucose uptake

Improved immune responses

Improvement in cardiorespiratory function

Stimulate hormones such as plasma renin, cortisol, growth hormone, and
norepinephrine

Reduction in total cholesterol, LDL-cholesterol, and triglycerides, with increase in
HDL-cholesterol

Antioxidative properties (improved defence against free radicals)

Abbreviations: HDL, high density lipoprotein; LDL, low density lipoprotein.

combining exercise with sauna use should not be discounted, as it may
be a gateway to encouraging people a healthier lifestyle. Further evi-
dence is needed to demonstrate the mechanistic pathways linking
sauna bathing and SCD.

Sudden deaths as adverse events of sauna bathing

Sauna bathing has a good safety profile and is generally tolerated by
most people who are in good health.>'”° Evidence also suggests that
sauna bathing is well tolerated among individuals with stable heart dis-
ease, such as a prior MI and those with stable angina pectoris or com-
pensated heart failure (HF).3""”! There have been single-case reports
of SCD, stroke, or transient ischemic attacks as a result of sauna expo-
sure, but the consumption of alcohol has been estimated to be a key
contributing factor in those cases.”>”> The interaction of sauna and alco-
hol intoxication increases the risk of dehydration, hypotension,
hemoconcentration, cardiac arrhythmias, and accidents.”!”# Sauna ex-
posure could also trigger MI or sudden death in patients with unstable
conditions such as unstable CHD, orthostatic hypotension, cardiac ar-
rhythmias, or severe valvular disease such as aortic stenosis.>® Further-
more, of the few sudden deaths that have been reported during or after
sauna bathing in countries that routinely use saunas, majority of the vic-
tims had existing CHD.”” Patients with unstable angina pectoris, recent
MI, severe aortic stenosis, uncontrolled hypertension, or ischemic or de-
compensated HF are advised to avoid sauna because of the increased
risk of strokes or SCD.3!71:76

Though the practice of short stays in the sauna room interrupted
with rapid cooling-off in cold water or shower is widely practiced and
has generally been regarded as safe for healthy individuals, it may be
linked with cardiac arrhythmias in patients with a history of CVD
(such as a prior acute MI or severely reduced left ventricular function)
7778 and hence not recommended as a safe practice in such
populations.”® However, in HF patients, hot sauna exposure and cold
water immersion have been shown to be haemodynamically well
tolerated.® There is no doubt that the practice of alternating heat expo-
sure and cold water immersion puts a substantial strain on the cardio-
vascular system, and hence, individuals with an unstable CVD should
avoid heat-cold immersion.”® A number of case fatalities have been re-
ported to have occurred when individuals dived head first into cold
water immediately after a sauna bath®°, and this is attributed to con-
striction of the coronary arteries which decreases coronary blood flow
and oxygen delivery to the heart.**

Conclusions

Sauna bathing appears to be associated with a substantial risk reduc-
tion in SCD, but this is based on limited observational evidence. Other
large-scale observational cohort studies are needed to replicate these
observations and well-designed RCTs are also needed to confirm this.

Furthermore, the data suggest that a combination of regular PA and
sauna baths confers substantial risk reduction for SCD compared with
each modality alone. Taking the overall evidence together, sauna bath-
ing appears to be linked to a remarkable array of CV benefits. The bene-
fits of sauna bathing far outweigh the risks. Indeed, further work is
needed to clarify the pathophysiological mechanisms that underlie the
associations between sauna bathing and its CV benefits, including pre-
vention of SCD. However, in the absence of these, sauna bathing remains
a safe and pleasurable recreational activity that can be used to enhance
health and wellness. For people with underlying CVD, caution is re-
quired, the individual's tolerance should be checked, and appropriate
contact should be made with a physician. Combining sauna bathing
with regular PA is a more attractive option to use for CV benefits than
substituting PA with sauna bathing. In addition, since there is a low
prevalence of meeting the PA guidelines among all age, sex and race/
ethnic groups,®”®! sauna bathing may be a useful adjunct to PA in pro-
moting a healthy lifestyle.
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