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Abstract Introduction: Evidence suggests that heat therapy can be used to prevent and treat

cancer; anecdotal reports suggest passive heat therapies may increase cancer risk. Finnish

sauna bathing has been linked to a reduced risk of chronic diseases, but its association with

cancer risk is unknown. We aimed to assess the prospective association between frequency

of sauna bathing and the risk of all-cause and site-specific cancers using the Kuopio Ischemic

Heart Disease prospective cohort.

Methods: Baseline sauna bathing habits were assessed in 2173 men aged 42e61 years with no

history of cancer. Hazard ratios (HRs) with 95% confidence intervals (CIs) for cancer were

calculated using Cox proportional hazard models. We corrected for within-person variability

in sauna bathing habits using data from repeat assessments taken 11 years apart.

Results: During a median follow-up of 24.3 years, 588 (27.1%) all-cause cancer cases were re-

corded. The age-adjusted regression dilution ratio of sauna bathing frequency was 0.69 (0.62

e0.76). In multivariable-adjusted analyses, the HRs (95% CIs) of all-cause cancer were 0.92

(0.76e1.11) and 0.92 (0.66e1.27) for men who had 2-3 and �4 sauna sessions per week,

respectively, compared with men who had �1 sauna session per week. The non-significant
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findings were consistent for prostate, gastrointestinal and lung cancers on multivariate adjust-

ment.

Conclusion: Frequent Finnish sauna bathing is not associated with the risk of cancer in a

middle-aged male Caucasian population. Further studies are required to confirm or refute

these findings, particularly in women and other age groups.

ª 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Cancer is a leading cause of mortality globally and a

global health burden. As populations age and adopt

lifestyle behaviours that increase cancer risk, cancer

incidence and deaths are expected to grow proportion-

ately. Established risk factors for all-sites cancer gener-

ally include race, age, family history and environmental

factors such as tobacco and alcohol use, diet, physical

inactivity, excess body weight and hormonal changes [1].
Prostate cancer is the second most frequently diagnosed

cancer among males globally, and it is commonly

associated with factors related to economic development

such as excess body weight, physical inactivity and high

consumption of animal fats [2]. Lung cancers are pri-

marily shaped by tobacco smoking [3]; they can also be

caused by exposure to environmental pollution [4].

Important risk factors for gastrointestinal cancers such
as esophageal, stomach, colon, rectum and liver cancers

include smoking, excessive alcohol consumption, diets

high in red and processed meat and chronic infections

with hepatitis viruses [1]. Though these factors explain a

large proportion of cancer risk, its pathogenesis is still

not fully established as several other potential risk fac-

tors appear to be involved. There is therefore a need to

critically evaluate putative risk factors that may increase
our knowledge of cancer development, which will help

develop preventive and management strategies. Hyper-

thermia (a type of treatment in which body tissue is

exposed to high temperatures) has commonly been used

as an adjunctive therapy in combination with estab-

lished cancer treatments such as radiotherapy and

chemotherapy [5e7]. Treatment with hyperthermia can

be local, regional or whole-body, and this depends on
the extent of the area being treated [7]. In local hyper-

thermia, heat is applied to a small area such as a brain

tumour or tumours below the skin or within body cav-

ities such as the oesophagus or rectum. Regional hy-

perthermia is used for large body areas such as a limb,

organ or a body cavity [7]. Whole-body hyperthermia is

commonly used to treat metastatic cancer that has

spread throughout the body [5]. Anecdotal evidence
suggests that heat therapy, particularly from infrared

saunas, may play a role in preventing or reversing cancer

[8]. Plausible pathways proposed to underlie this effect

include inhibition of cancer cell growth, decongestion of
internal organs, removal of chemical toxins and heavy

metals, enhancement of the immune system, production

of heat shock proteins and enhancing oxygenation
[8e10]. Finnish sauna bathing is a passive heat therapy

which has traditionally been used for the purposes of

pleasure, wellness and relaxation [11]. Beyond these

uses, Finnish sauna bathing has been linked with several

health benefits, which include reduction in the risk of

several chronic diseases as well as mortality [11]. Given

the overall evidence on the potential role of heat therapy

in reducing or reversing cancer risk, we hypothesized
that regular sauna bathing may be linked to a reduced

risk of cancer. Furthermore, in contrast to potential

beneficial effects of sauna exposure on cancer risk, some

reports have suggested that infrared saunas may pro-

mote cancer risk [12]. In this context, using a

population-based prospective cohort comprising 2173

middle-aged Caucasian men, we aimed to assess the

association of frequency of Finnish sauna bathing with
the risk of all-cause and site-specific cancers.
2. Methods

This study was conducted according to STROBE

(STrengthening the Reporting of OBservational studies

in Epidemiology) guidelines for reporting observational
studies in epidemiology (Appendix) [13]. The study

population comprised participants in the Kuopio

Ischemic Heart Disease risk factor study, a prospective

population-based cohort study conducted in eastern

Finland. The study design, recruitment of participants

and assessment of risk markers have been described in

detail previously [14]. Study participants were a repre-

sentative sample of men aged 42e61 years living in the
city of Kuopio and its surrounding rural communities in

eastern Finland at the time of baseline examinations,

which were performed between March 1984 and

December 1989. Sauna bathing habits were assessed by

self-administered questionnaires and cross-checked by

experienced nurses [15,16]. The assessment of frequency

and duration of sauna sessions represented an average

sauna use during the week. Participants were classified
into three groups based on the frequency of sauna

bathing (�1, 2e3 and �4 sessions per week) [15,16].

Owing to lifestyle changes, ageing, measurement errors

and recall bias in exposure estimation in prospective
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cohort studies, analysis using only baseline measure-

ments of an exposure could underestimate the true

strength of any association between exposure and

outcome (i.e. “regression dilution bias” [17]). To clarify

this issue, using repeat assessments of sauna bathing

habits taken 11 years apart in a random subset of 722

men, we estimated and corrected for the effect of this

regression dilution bias by calculating an age-adjusted
regression dilution ratio (RDR). The RDR assumes

that the “usual levels” of sauna bathing habits

represent the true long-term exposure of sauna bathing

habits on cancer risk. The primary outcome was first-

time cases of all-cause cancer that occurred from study

enrolment through to 2013. Secondary outcomes were

site-specific cancers: prostate; gastrointestinal

(comprising esophageal, stomach, intestinal, colon,
rectal, pancreatic and liver); and lung cancer. All cancer

cases were derived from the population-based Finnish

Cancer Registry (FCR). The coverage of FCR is com-

plete and there were no losses to follow-up [18]. The

present analysis is based on a cohort of 2173 cancer-free

men at baseline, with complete information on sauna

bathing habits, relevant confounders and cancer out-

comes. The study was approved by the Research Ethics
Committee of the University of Eastern Finland, and

each participant was provided written informed consent.

All study procedures were conducted according to the

Declaration of Helsinki. Multivariable hazard ratios

(HRs) with 95% confidence intervals (CIs) for cancer
Table 1
Baseline participant characteristics overall and by categories of frequency

Characteristics Overall (N Z 2173)

Mean (SD) or median

(IQR) or n (%)

�1 session/wee

Mean (SD) or

(IQR) or n (%

Frequency of sauna bathing

(times/week)

2 (1e2) 1 (1e1)

Questionnaire/prevalent conditions

Age at survey (years) 53.1 (5.1) 53.4 (5.1)

Alcohol consumption (g/week) 31.0 (6.4e88.4) 31.8 (6.6e97.5)
Total energy intake, kJ/day 9638 (8146e11,289) 9317 (7831e10

Socioeconomic status 8.37 (4.24) 8.64 (4.30)

History of diabetes 79 (3.6) 28 (5.0)

Current smokers 670 (30.8) 203 (36.1)

Physical measurements

BMI (kg/m2) 26.9 (3.5) 26.9 (3.6)

SBP (mmHg) 134 (17) 135 (18)

DBP (mmHg) 89 (10) 89 (11)

Total physical activity (kcal/

day)

1215 (655e2005) 1100 (559e182

Lipid markers

Total cholesterol (mmol/l) 5.90 (1.08) 5.87 (1.10)

HDL-C (mmol/l) 1.30 (0.30) 1.27 (0.29)

Metabolic and inflammatory markers

Fasting plasma glucose

(mmol/l)

5.34 (1.23) 5.47 (1.55)

High-sensitivity CRP (mg/l) 1.25 (0.69e2.37) 1.53 (0.74e2.92

BMI, body mass index; CHD, coronary heart disease; CRP, C-reactive pro

cholesterol; IQR, interquartile range; SD, standard deviation; SBP, systoli
were calculated using Cox proportional hazard models.

Statistical analyses used Stata version 15 (Stata Corp,

College Station, Texas, USA).

3. Results

The baseline characteristics of study participants overall

and by categories of the frequency of sauna sessions per

week are presented in Table 1. The overall mean [stan-

dard deviation (SD)] age and body mass index (BMI) of

study subjects at baseline were 53 (5) years and 26.9 (3.5)
kg/m2, respectively. During a median (interquartile

range [IQR]) follow-up of 24.3 (16.0e26.7) years, 588

all-cause cancer cases (annual rate 12.9/1000 person-

years at risk; 95% CI: 11.9 to 14.0) occurred. There

were 215 prostate, 130 gastrointestinal and 92 lung

cancer cases. In analysis adjusted for age, the HRs (95%

CIs) of all-cause cancer were 0.87 (0.73e1.05) and 0.87

(0.63e1.20) for men who had 2-3 and �4 sauna sessions
per week, respectively, compared with men who had � 1

sauna session per week. Following further adjustment

for BMI, smoking status, history of diabetes, fasting

glucose, triglycerides, total cholesterol, alcohol con-

sumption, total energy intake, socioeconomic status,

physical activity and high-sensitivity C-reactive protein,

the corresponding HRs (95% CIs) were 0.92 (0.76e1.11)

and 0.92 (0.66e1.27), respectively (Table 2). The overall
age-adjusted RDR of sauna bathing frequency was 0.69

(95% CI: 0.62 to 0.76), which suggests that using only
of Finnish sauna bathing.

k (N Z 563)

median

)

2-3 sessions/week

(N Z 1417)

Mean (SD) or median

(IQR) or n (%)

�4 sessions/week (NZ 193)

Mean (SD) or median

(IQR) or n (%)

2 (2e2) 4 (4e6)

53.2 (5.0) 51.5 (5.7)

29.0 (6.3e84.4) 39.0 (7.1e112.0)
,975) 9661 (8200e11,347) 10,342 (8648e11,852)

8.35 (4.19) 7.78 (4.34)

49 (3.5) 2 (1.0)

429 (30.3) 38 (19.7)

26.7 (3.4) 27.8 (4.2)

133 (16) 135 (17)

88 (10) 90 (12)

6) 1236 (681e2037) 1457 (680e2293)

5.93 (1.08) 5.82 (1.02)

1.30 (0.31) 1.32 (0.31)

5.29 (1.10) 5.30 (1.07)

) 1.20 (0.67e2.27) 1.21 (0.75e2.01)

tein; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein

c blood pressure.



Table 2
Association of frequency of sauna bathing and risk of all-cause cancer.

Frequency of sauna bathing (sessions/week) Events/total Model 1 Model 2

HR (95% CI) P-value HR (95% CI) P-value

Baseline frequency of sauna bathing

�1 155/563 ref ref

2e3 383/1417 0.87 (0.73e1.05) 0.158 0.92 (0.76e1.11) 0.373

�4 50/193 0.87 (0.63e1.20) 0.388 0.92 (0.66e1.27) 0.614

Usual frequency of sauna bathinga

�1 155/563 ref ref

2e3 383/1417 0.82 (0.63e1.08) 0.158 0.88 (0.67e1.16) 0.373

�4 50/193 0.82 (0.51e1.30) 0.388 0.89 (0.55e1.42) 0.614

CI, confidence interval; HR, hazard ratio; ref, reference.

Model 1: Adjusted for age.

Model 2: Model 1 plus body mass index, smoking status, history of diabetes, fasting glucose, triglycerides, total cholesterol, alcohol consumption,

total energy intake, socioeconomic status, physical activity and high-sensitivity C-reactive protein.
a Indicates correction for within-person variability in values of frequency of sauna bathing, that is, the extent to which an individual’s sauna

bathing habits vary around long-term average values (“usual frequency of sauna bathing”).
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baseline assessments of sauna bathing frequency could

under-estimate the risk by [(1/0.69)-1]*100 Z 45% if

there was a significant association between the frequency
of sauna bathing and cancer risk. The HRs corre-

sponded well after correction for within-person vari-

ability in sauna bathing frequency (Table 2). Given a

sample of 2173 individuals including 588 incident cases

of all-cause cancer, we had 100% power to detect a

clinically important HR of 0.65 if there was a protective

association between frequency of sauna bathing and

cancer risk; alternatively, we had 99% power to detect a
clinically important HR of 1.20 if sauna bathing

increased the risk of cancer.

Similarly, there were no significant associations of

frequency of sauna bathing with site-specific cancers

(Tables 3e5). In analysis adjusted for age, the HR (95%

(CI) of lung cancer was 0.20 (0.05e0.86) for men who

had � 4 sauna sessions per week compared with men

who had � 1 sauna session per week. The association
however became non-significant on further adjustment

for potential confounders 0.28 (95% CI: 0.07 to 1.21)

(Table 5).
Table 3
Association of frequency of sauna bathing and risk of prostate cancer.

Frequency of sauna bathing (sessions/week) Events/total M

HR

Baseline frequency of sauna bathing

�1 54/563 Re

2e3 146/1417 0.9

�4 15/193 0.7

Usual frequency of sauna bathinga

�1 54/563 Re

2e3 146/1417 0.9

�4 15/193 0.6

CI, confidence interval; HR, hazard ratio; Ref, reference.

Model 1: Adjusted for age.

Model 2: Model 1 plus body mass index, smoking status, history of diabete

total energy intake, socioeconomic status, physical activity and high-sensit
a Indicates correction for within-person variability in values of frequency

bathing habits vary around long-term average values (“usual frequency of
4. Discussion

Given conflicting evidence that heat therapy may be

potentially associated with a reduced or increased risk of

cancer, we sought to evaluate the prospective associa-

tion between frequency of Finnish sauna bathing and

the risk of cancer in a population-based cohort of

middle-aged Caucasian men. Our results demonstrated

no evidence of an association between Finnish sauna
bathing and the future risk of all-cause cancer. The non-

significant findings were consistent for prostate and

gastrointestinal cancers, except for evidence of a pro-

tective effect on lung cancer in age-adjusted analysis

which was, however, attenuated to null on multivariate

adjustment. Our reproducibility studies of sauna bath-

ing habits yielded a moderately high RDR, which in-

dicates that sauna bathing habits may be relatively
consistent within Finnish individuals over several years.

A number of research studies have demonstrated the

effectiveness of hyperthermia (including infrared

saunas) in dealing with cancer pain and also shrinking

tumours (i.e., therapeutic hyperthermia) [5,7,10]. Given
odel 1 Model 2

(95% CI) P-value HR (95% CI) P-value

f Ref

4 (0.69e1.29) 0.705 0.93 (0.68e1.27) 0.654

2 (0.40e1.27) 0.255 0.66 (0.37e1.19) 0.167

f Ref

2 (0.58e1.44) 0.705 0.90 (0.57e1.42) 0.654

2 (0.27e1.42) 0.255 0.55 (0.24e1.28) 0.167

s, fasting glucose, triglycerides, total cholesterol, alcohol consumption,

ivity C-reactive protein.

of sauna bathing, that is, the extent to which an individual’s sauna

sauna bathing”).



Table 5
Association of frequency of sauna bathing and risk of lung cancer.

Frequency of sauna bathing (sessions/week) Events/total Model 1 Model 2

HR (95% CI) P-value HR (95% CI) P-value

Baseline frequency of sauna bathing

�1 28/563 Ref Ref

2e3 62/1417 0.77 (0.49e1.20) 0.246 0.94 (0.60e1.49) 0.800

�4 2/193 0.20 (0.05e0.86) 0.030 0.28 (0.07e1.21) 0.089

Usual frequency of sauna bathinga

�1 28/563 Ref Ref

2e3 62/1417 0.68 (0.36e1.30) 0.246 0.92 (0.47e1.78) 0.800

�4 2/193 0.10 (0.01e0.80) 0.030 0.16 (0.02e1.32) 0.089

CI, confidence interval; HR, hazard ratio; Ref, reference.

Model 1: Adjusted for age.

Model 2: Model 1 plus body mass index, smoking status, history of diabetes, fasting glucose, triglycerides, total cholesterol, alcohol consumption,

total energy intake, socioeconomic status, physical activity and high-sensitivity C-reactive protein.
a Indicates correction for within-person variability in values of frequency of sauna bathing, that is, the extent to which an individual’s sauna

bathing habits vary around long-term average values (“usual frequency of sauna bathing”).

Table 4
Association of frequency of sauna bathing and risk of gastrointestinal cancer.

Frequency of sauna bathing (sessions/week) Events/total Model 1 Model 2

HR (95% CI) P-value HR (95% CI) P-value

Baseline frequency of sauna bathing

�1 31/563 Ref Ref

2e3 83/1417 0.94 (0.62e1.42) 0.775 1.02 (0.68e1.55) 0.911

�4 16/193 1.40 (0.76e2.56) 0.278 1.57 (0.84e2.92) 0.157

Usual frequency of sauna bathinga

�1 31/563 Ref Ref

2e3 83/1417 0.92 (0.50e1.67) 0.775 1.04 (0.57e1.89) 0.911

�4 16/193 1.63 (0.68e3.92) 0.278 1.92 (0.78e4.74) 0.157

CI, confidence interval; HR, hazard ratio; Ref, reference.

Model 1: Adjusted for age.

Model 2: Model 1 plus body mass index, smoking status, history of diabetes, fasting glucose, triglycerides, total cholesterol, alcohol consumption,

total energy intake, socioeconomic status, physical activity and high-sensitivity C-reactive protein.
a Indicates correction for within-person variability in values of frequency of sauna bathing, that is, the extent to which an individual’s sauna

bathing habits vary around long-term average values (“usual frequency of sauna bathing”).
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that evidence also suggest that heat therapy (particularly

infrared saunas) could reduce the risk of cancer via

plausible pathways [9,10], the current findings may

therefore seem unexpected. The process of therapeutic

hyperthermia involves heating the body tissues to a high
temperature, which typically ranges from 41 to 45 �C
[6,7]. Whereas infrared saunas operate at a lower tem-

perature, gradually heat up the body and provide a form

of whole-body hyperthermia, the heat from the Finnish

sauna rapidly increases the skin temperature to about

40 �C, with the increases in temperature of other tissues

being dependent on the heat exposure [19]. Hence, the

null association observed between Finnish sauna bath-
ing and cancer risk may reflect important pathophysio-

logic differences between the effects of heat exposure

due to Finnish sauna baths and other passive heat

therapies. The findings could also be attributed to fac-

tors such as age, sex or genetic background of the

population. It is also possible that given different types

of cancer do not have the same pathogenic process,

exposure to Finnish saunas may impact site-specific
cancers differentially. Though the study was

adequately powered to evaluate associations for all-

cause cancer, this was not so for site-specific cancers.

Overall, our results do provide an important public

health message indicating that regular Finnish sauna
bathing does not increase cancer risk, given anecdotal

reports suggesting that saunas (particularly infrared

saunas) could increase the risk of cancer. If there is any

association at all, it would be a beneficial one, given

previous evidence and the direction of effect which

suggest a protective effect especially for lung cancer.

Finnish saunas have been demonstrated to have a

beneficial effect on lung function and diseases such as
common colds, chronic obstructive lung disease, asthma

and pneumonia [11,20e24]. However, given this is the

first assessment of the topic, other large-scale studies

conducted particularly in women and otherage groups

are warranted to confirm or refute these findings. The

role of sauna in the prevention and treatment of chronic

diseases is an area of active research and needs further

investigation. The findings particularly for lung cancer
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need further exploration given the low event rate and

hence poor power to detect an association if it truly

existed.

The strengths of this work include the novelty with

evaluation of all-cause and site-specific cancers, large

sample size and prospective cohort design, long-term

follow-up and zero-loss to follow-up with reliable FCR

outcome data. An important strength of the present study
is that repeat assessments of sauna bathing habits made

within a random subset of individuals 11 years after

baseline were available, which enabled correction for the

extent ofwithin-person variability in saunabathing habits

over the long period of follow-up. There were limitations

and these included (i) the potential formisclassification of

sauna assessment because it was based on self-reports; (ii)

findings were based on middle-aged men and therefore
not generalizable and (iii) study was not adequately

powered for evaluating site-specific cancers.

In conclusion, frequent Finnish sauna bathing is not

associated with the risk of all-cause, prostate, gastroin-

testinal or lung cancer in a middle-aged male Caucasian

population. There is a potential for a protective effect on

lung cancer, but this could have been limited by the low

event rate.Further studies are required to confirmor refute
thesefindings, particularly inwomenandotheragegroups.
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