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Subgroup Analyses
eFigure 1, eFigure 2, and eFigure 3 in the Supplement show the
associations, according to individual-level characteristics, be-
tween the frequency and duration of sauna bathing and the
risk of SCD, fatal CHD, and fatal CVD. The results were consis-
tent among subgroups, although associations seem to be some-
what stronger in nonsmokers and in men with type 2 diabe-
tes and poor cardiorespiratory fitness at baseline.

Sensitivity Analyses
In sensitivity analyses, the associations between frequency and
duration of sauna bathing with SCDs, fatal CHDs, fatal CVDs,
and all-cause mortality events remained consistent, exclud-
ing those who died in the first 5 years of follow-up (eTable 2 in
the Supplement) and when limiting the follow-up to the first
10 years (eTable 3 in the Supplement).

Discussion
Although previous population studies2-4 have suggested pos-
sible positive effects of sauna bathing on cardiovascular health,
this study extends these observations by finding that sauna
bathing is inversely associated with the risk of SCD, CHD, CVD,
and all-cause mortality. The higher frequency of sauna bath-
ing was related to a considerable decreased risk of SCDs, fatal
CHDs, fatal CVDs, and all-cause mortality events indepen-
dently from conventional risk factors.

Heart rate may increase up to 100/min during moderate
sauna bathing sessions4,5,12,13 and up to 150/min during more
intense warm sauna bathing,14,15 corresponding to low- and
moderate-intensity physical exercise training. These pro-
posed functional improvements associated with sauna bath-
ing correspond to similar benefits seen with regular physical

exercise, such as improvement in blood pressure and left ven-
tricular function.3,4 It has been documented that cardiac out-
put is increased mainly because of the increase in heart rate
during sauna bathing.4,12,16 In the typical warm and relatively
dry Finnish sauna, skin blood flow usually increases, leading
to the higher cardiac output, whereas blood flow to internal
organs decreases with an increased body temperature.5,16 Sweat
is secreted at a rate of 0.6 to 1.0 kg/h at temperatures of 80°C
to 90°C, with a mean total secretion of 0.5 kg during a typical
sauna bathing session.12,16,17

Repeated sauna treatment improves endothelial function
in patients with CHD risk factors and heart failure, suggesting
a preventive role of thermal therapy for endothelium.18-20 Pre-
vious studies20,21 have found improved exercise capacity and
ejection fraction, lowered incidence of arrhythmias with posi-
tive alteration of the autonomic nervous system, and reduced
levels of natriuretic peptides and norepinephrine due to regu-
lar sauna treatment in patients with heart failure. Other evi-
dence indicates that blood pressure may be lower among those
who are living in warm conditions.22 Regular long-term sauna
bathing 2 times per week increases left ventricular ejection frac-
tion and lowers blood pressure, especially in patients with
hypertension.23 Frequent sauna bathing has been proposed to
improve heat tolerance during a long period.24 In addition, sauna
bathing has also been found to increase vital capacity, minute
ventilation, and forced expiratory volume of the lungs.25,26

Previous studies4,8 have suggested that sauna bathing
might have some harmful effects, whereas our results indi-
cated a protective effect of sauna bathing on cardiovascular
events. The possible differences in results obtained in Finn-
ish studies compared with studies from other countries2,12 may
be at least partly due to the different conditions and tempera-
ture of the sauna. Dry sauna bathing seems to be safe, and even
patients who have recovered from myocardial infarction and

Table 3. Hazard Ratios of Sudden Cardiac Death, Fatal Coronary Heart Disease, Fatal Cardiovascular Disease, and All-Cause Mortality
According to the Duration of Sauna Bathing

Duration of Sauna Bathing

Sudden Cardiac Death
(n = 190)a

Fatal Coronary Heart Disease
(n = 281)

Fatal Cardiovascular Disease
(n = 407)

All-Cause Mortality
(n = 929)

Hazard Ratio
(95% Cl) P Value

Hazard Ratio
(95% Cl) P Value

Hazard Ratio
(95% Cl) P Value

Hazard Ratio
(95% Cl) P Value

Age-Adjusted Hazard Ratios

<11 Minutes
(n = 1065)

1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

11-19 Minutes (n = 722) 0.80 (0.58-1.11) .12 0.74 (0.56-0.97) .03 0.81 (0.66-1.01) .06 0.84 (0.72-0.98) .02

>19 Minutes
(n = 528)

0.51 (0.33-0.78) .002 0.63 (0.46-0.87) .005 0.77 (0.60-0.98) .04 1.00 (0.86-1.18) .93

P value for trend .001 .002 .02 .71

Multivariable-Adjusted Hazard Ratiosb

<11 Minutes
(n = 1065)

1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

11-19 Minutes (n = 722) 0.93 (0.67-1.28) .66 0.90 (0.73-1.17) .42 0.92 (0.74-1.14) .43 0.91 (0.78-1.06) .20

>19 Minutes
(n = 528)

0.48 (0.31-0.75) .001 0.64 (0.46-0.88) .006 0.76 (0.59-0.97) .03 0.83 (0.87-1.20) .82

P value for trend .002 .007 .03 .93

a A death was determined as a sudden cardiac death when it occurred within 1
hour after the onset of an abrupt change in symptoms or within 24 hours after
onset of symptoms when autopsy data did not reveal a noncardiac cause of
sudden death. Sudden cardiac deaths that occurred out of the hospital were
also defined.

b Hazard ratios (95% CIs) are adjusted for age, body mass index, systolic blood
pressure, serum low-density lipoprotein cholesterol, smoking, alcohol
consumption, previous myocardial infarction, type 2 diabetes mellitus,
cardiorespiratory fitness and resting heart rate, physical activity, and
socioeconomic status.
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