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KEYWORDS Abstract Introduction: Evidence suggests that heat therapy can be used to prevent and treat
Finnish sauna; cancer; anecdotal reports suggest passive heat therapies may increase cancer risk. Finnish
Cancer; sauna bathing has been linked to a reduced risk of chronic diseases, but its association with
Prostate cancer; cancer risk is unknown. We aimed to assess the prospective association between frequency
Gastrointestinal of sauna bathing and the risk of all-cause and site-specific cancers using the Kuopio Ischemic
cancer; Heart Disease prospective cohort.

Lung cancer; Methods: Baseline sauna bathing habits were assessed in 2173 men aged 42—61 years with no
Cohort study history of cancer. Hazard ratios (HRs) with 95% confidence intervals (Cls) 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
—0.76). In multivariable-adjusted analyses, the HRs (95% ClIs) of all-cause cancer were 0.92
(0.76—1.11) and 0.92 (0.66—1.27) 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.

© 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 [5—7]. 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
[8—10]. 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) [I13]. 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 42—61 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, 2—3 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 (Cls) for cancer

Table 1

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/m?, respectively. During a median (interquartile
range [IQR]) follow-up of 24.3 (16.0—26.7) 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%
ClIs) of all-cause cancer were 0.87 (0.73—1.05) and 0.87
(0.63—1.20) 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% Cls) were 0.92 (0.76—1.11)
and 0.92 (0.66—1.27), 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

Baseline participant characteristics overall and by categories of frequency of Finnish sauna bathing.

Characteristics Overall (N = 2173)
Mean (SD) or median

(IQR) or n (%)

<1 session/week (N = 563) 2-3 sessions/week
Mean (SD) or median
(IQR) or n (%)

>4 sessions/week (N = 193)
Mean (SD) or median
(IQR) or n (%)

(N = 1417)
Mean (SD) or median
(IQR) or n (%)

Frequency of sauna bathing
(times/week)

Questionnairelprevalent conditions

Age at survey (years) 53.1(5.1)

Alcohol consumption (g/week) 31.0 (6.4—88.4)

Total energy intake, kJ/day 9638 (8146—11,289)

2 (1-2) 1 (1-1)

53.4 (5.1)

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/m?) 26.9 (3.5) 26.9 (3.6)

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

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

Total physical activity (kcal/ 1215 (655—2005) 1100 (559—1826)
day)

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 5.34 (1.23) 5.47 (1.55)

(mmol/l)

High-sensitivity CRP (mg/l)  1.25 (0.69—2.37)

31.8 (6.6-97.5)
9317 (7831—10,975)

1.53 (0.74—2.92)

2 (2-2) 4 (4—6)

53.2 (5.0)
29.0 (6.3—84.4)
9661 (8200—11,347)

515 (5.7)
39.0 (7.1-112.0)
10,342 (8648—11,852)

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)

1236 (681—2037) 1457 (680—2293)

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 (0.67—2.27) 1.21 (0.75—2.01)

BMI, body mass index; CHD, coronary heart disease; CRP, C-reactive protein; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein
cholesterol; IQR, interquartile range; SD, standard deviation; SBP, systolic blood pressure.
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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
2-3 383/1417 0.87 (0.73—1.05) 0.158 0.92 (0.76—1.11) 0.373
>4 50/193 0.87 (0.63—1.20) 0.388 0.92 (0.66—1.27) 0.614
Usual frequency of sauna bathing®
<1 155/563 ref ref
2-3 383/1417 0.82 (0.63—1.08) 0.158 0.88 (0.67—1.16) 0.373
>4 50/193 0.82 (0.51—1.30) 0.388 0.89 (0.55—1.42) 0.614

ClI, 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.

# 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”).

baseline assessments of sauna bathing frequency could
under-estimate the risk by [(1/0.69)-1]*100 = 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 3—5). In analysis adjusted for age, the HR (95%
(CI) of lung cancer was 0.20 (0.05—0.86) 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).

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

Table 3
Association of frequency of sauna bathing and risk of prostate 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 54/563 Ref Ref
2-3 146/1417 0.94 (0.69—1.29) 0.705 0.93 (0.68—1.27) 0.654
>4 15/193 0.72 (0.40—1.27) 0.255 0.66 (0.37—1.19) 0.167
Usual frequency of sauna bathing”
<1 54/563 Ref Ref
2-3 146/1417 0.92 (0.58—1.44) 0.705 0.90 (0.57—1.42) 0.654
>4 15/193 0.62 (0.27—1.42) 0.255 0.55 (0.24—1.28) 0.167

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.
# 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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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
2-3 83/1417 0.94 (0.62—1.42) 0.775 1.02 (0.68—1.55) 0.911
>4 16/193 1.40 (0.76—2.56) 0.278 1.57 (0.84—2.92) 0.157
Usual frequency of sauna bathing®
<1 31/563 Ref Ref
2-3 83/1417 0.92 (0.50—1.67) 0.775 1.04 (0.57—1.89) 0.911
>4 16/193 1.63 (0.68—3.92) 0.278 1.92 (0.78—4.74) 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.
# 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 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
2-3 62/1417 0.77 (0.49—1.20) 0.246 0.94 (0.60—1.49) 0.800
>4 2/193 0.20 (0.05—0.86) 0.030 0.28 (0.07—1.21) 0.089
Usual frequency of sauna bathing®
<1 28/563 Ref Ref
2-3 62/1417 0.68 (0.36—1.30) 0.246 0.92 (0.47—1.78) 0.800
>4 2/193 0.10 (0.01—0.80) 0.030 0.16 (0.02—1.32) 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.

@ 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”).

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 [11,20—24]. 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



J.A. Laukkanen et al. | European Journal of Cancer 121 (2019) 184—191 189

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 of within-person variability in sauna bathing habits
over the long period of follow-up. There were limitations
and these included (i) the potential for misclassification 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 confirm or refute
these findings, particularly in women and other age groups.
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(¢) Explain how missing data were addressed Not applicable
(d) If applicable, explain how loss to follow-up was addressed Not applicable
(e) Describe any sensitivity analyses Not applicable
Results
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers Results
potentially eligible, examined for eligibility, confirmed eligible,
included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage Results
(c) Consider use of a flow diagram
Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, Results; Table 1
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(b) Indicate number of participants with missing data for each variable
of interest
(¢) Summarise follow-up time (eg, average and total amount) Results
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Limitations
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study and, if applicable, for the original study on which the present
article is based

References

[1] Torre LA, Siegel RL, Ward EM, Jemal A. Global cancer inci-
dence and mortality rates and trends-an update. Cancer Epi-
demiol Biomark Prev 2016;25:16—27.

[2] Center MM, Jemal A, Lortet-Tieulent J, Ward E, Ferlay J,
Brawley O, et al. International variation in prostate cancer inci-
dence and mortality rates. Eur Urol 2012;61:1079—92.

[3] Soerjomataram I, Shield K, Marant-Micallef C, Vignat J, Hill C,
Rogel A, et al. Cancers related to lifestyle and environmental
factors in France in 2015. Eur J Cancer 2018;105:103—13.

[4] Loomis D, Grosse Y, Lauby-Secretan B, El Ghissassi F,
Bouvard V, Benbrahim-Tallaa L, et al. The carcinogenicity of
outdoor air pollution. Lancet Oncol 2013;14:1262—3.

[5] Wust P, Hildebrandt B, Sreenivasa G, Rau B, Gellermann J,
Riess H, et al. Hyperthermia in combined treatment of cancer.
Lancet Oncol 2002;3:487—97.

[6] Rao W, Deng ZS, Liu J. A review of hyperthermia combined with
radiotherapy/chemotherapy on malignant tumors. Crit Rev Bio-
med Eng 2010;38:101—16.

[7] van der Zee J. Heating the patient: a promising approach? Ann
Oncol 2002;13:1173—84.

[8] https://beatcancer.org/blog-posts/6-ways-saunas-help-fight-
cancer. Accessed on 27 June 2019.

[9] Tsai SR, Hamblin MR. Biological effects and medical applica-
tions of infrared radiation. J Photochem Photobiol, B 2017;170:
197-207.

[10] Tatsuo I, Jun I, Yamashita K, Dalkhsuren S-O, Kaori S. Non-
thermal effects of far-infrared ray(FIR) on human hepatocellu-
lar carcinoma cells HepG?2 and their tumors. J Cancer Sci Ther
2009;1.

[11] Laukkanen JA, Laukkanen T, Kunutsor SK. Cardiovascular and
other health benefits of sauna bathing: a review of the evidence.
Mayo Clin Proc 2018;93:1111-21.

[12] International Commission on Non-lIonizing Radiation Protec-
tion. ICNIRP statement on far infrared radiation exposure.
Health Phys 2006;91:630—45.

[13] von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC,
Vandenbroucke JP. The Strengthening the Reporting of


http://refhub.elsevier.com/S0959-8049(19)30501-5/sref1
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref1
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref1
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref1
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref2
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref2
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref2
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref2
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref3
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref3
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref3
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref3
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref4
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref4
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref4
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref4
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref5
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref5
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref5
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref5
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref6
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref6
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref6
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref6
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref7
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref7
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref7
https://beatcancer.org/blog-posts/6-ways-saunas-help-fight-cancer
https://beatcancer.org/blog-posts/6-ways-saunas-help-fight-cancer
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref9
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref9
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref9
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref9
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref10
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref10
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref10
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref10
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref11
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref11
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref11
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref11
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref12
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref12
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref12
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref12
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref13
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref13

[14]

[15]

[16]

(171

J.A. Laukkanen et al. | European Journal of Cancer 121 (2019) 184—191 191

Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. J Clin Epidemiol
2008;61:344—9.

Kunutsor SK, Sameul S, Blom AW, Khunti K, L JA. Serum C-
reactive protein increases the risk of venous thromboembolism: a
prospective study and meta-analysis of published prospective ev-
idence. Eur J Epidemiol 2017;32:657—67.

Laukkanen T, Kunutsor S, Kauhanen J, Laukkanen JA.
Sauna bathing is inversely associated with dementia and Alz-
heimer’s disease in middle-aged Finnish men. Age Ageing
2017,46:245—9.

Laukkanen T, Khan H, Zaccardi F, Laukkanen JA. Association
between sauna bathing and fatal cardiovascular and all-cause
mortality events. J] Am Med Assoc Intern Med 2015;175:542—8.
MacMahon S, Peto R, Cutler J, Collins R, Sorlie P, Neaton J,
et al. Blood pressure, stroke, and coronary heart disease. Part 1,
Prolonged differences in blood pressure: prospective observa-
tional studies corrected for the regression dilution bias. Lancet
1990;335:765—74.

[18] Teppo L, Pukkala E, Lehtonen M. Data quality and quality
control of a population-based cancer registry. Experience in
Finland. Acta Oncol 1994;33:365—9.

[19] Hannuksela ML, Ellahham S. Benefits and risks of sauna bathing.
Am J Med 2001;110:118—-26.

[20] Laitinen LA, Lindqvist A, Heino M. Lungs and ventilation in
sauna. Ann Clin Res 1988;20:244—8.

[21] Cox NIJ, Oostendorp GM, Folgering HT, van Herwaarden CL.
Sauna to transiently improve pulmonary function in patients with
obstructive lung disease. Arch Phys Med Rehabil 1989;70:911—3.

[22] Ernst E, Pecho E, Wirz P, Saradeth T. Regular sauna bathing and
the incidence of common colds. Ann Med 1990;22:225—7.

[23] Kunutsor SK, Laukkanen T, Laukkanen JA. Frequent sauna
bathing may reduce the risk of pneumonia in middle-aged
Caucasian men: the KIHD prospective cohort study. Respir
Med 2017;132:161-3.

[24] Kunutsor SK, Laukkanen T, Laukkanen JA. Sauna bathing re-
duces the risk of respiratory diseases: a long-term prospective
cohort study. Eur J Epidemiol 2017;32:1107—11.


http://refhub.elsevier.com/S0959-8049(19)30501-5/sref13
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref13
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref13
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref13
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref14
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref14
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref14
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref14
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref14
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref15
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref15
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref15
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref15
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref15
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref16
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref16
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref16
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref16
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref17
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref17
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref17
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref17
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref17
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref17
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref18
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref18
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref18
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref18
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref19
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref19
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref19
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref20
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref20
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref20
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref21
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref21
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref21
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref21
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref22
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref22
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref22
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref23
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref23
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref23
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref23
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref23
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref24
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref24
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref24
http://refhub.elsevier.com/S0959-8049(19)30501-5/sref24

	Finnish sauna bathing does not increase or decrease the risk of cancer in men: A prospective cohort study
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	Funding
	Conflict of interest statement
	Acknowledgements
	Appendix. STROBE 2007 Statement–Checklist of items that should be included in reports of cohort studies
	References


