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Favorable effects of sauna bathing on cardiovascular disease have been demonstrated. Hot water
bathing is an alternative, and could also have similar effects. Information pertaining to hot water
bathing frequency and water temperature was obtained from 873 subjects. Carotid mean and max
intima-media thickness (IMT) and brachial-ankle pulse wave velocity (baPWV) were measured as indices
of atherosclerosis. Central haemodynamics were evaluated using radial pulse waveform analyses.
Plasma levels of B-type natriuretic peptide (BNP) were measured as an index for cardiac loading.
The mean duration of a single hot bath was 12.4 4 9.9 min. Subject bathing in hot water >5 times
per week had significantly lower baPWV, central pulse pressure (PP), and BNP after correcting for
possible confounding parameters. Stepwise regression analyses revealed that hot water temperature
was negatively associated with baPWV, while bathing frequency was negatively related to central PP
and BNP. A longitudinal follow-up in 164 subjects showed that hot water bathing >5 times per week

. was associated with significantly lower increase in BNP over time, while the temperature of the water

: tended to be related to lower increases in carotid max IMT and baPWV. Hot water bathing showed a

. favorable effect on atherosclerotic and central haemodynamic parameters.

Lifestyle factors can have important consequences in terms of the development of cardiovascular diseases.
Favorable effects of sauna bathing on cardiovascular disease have been demonstrated'2. In a 20-year follow-up
observational study, habitual sauna bathing was associated with lower mortality caused by cardiovascular prob-
lems or sudden death!. Furthermore, low temperature saunas have been shown to be an effective intervention for
patients with heart failure>*.

Hot water bathing is an alternative type of bathing that also has a long history. In addition to thermal stimula-
tion, hot water bathing requires immersion in water, which also has specific effects on the cardiovascular system®.
During water immersion, water pressure causes short-term cardiovascular responses as blood shifts from the
legs and abdomen to the right atrium of the heart>®. Water immersion is associated with increased volume of
strokes, reduction of heart rate, an increase in cardiac output, and reduction of total peripheral vascular resist-
ance®, even though it has also been demonstrated that hot water immersion is comparable to low temperature
sauna bathing in terms of the cardiovascular effects’. It has also been repeatedly demonstrated that hot water
immersion has favorable effects on cardiovascular function in patients with heart failure®-!°. Furthermore, in a
recent cross-sectional study with a large elderly Japanese population, habitual hot spa-bathing was significantly
associated with a lower incidence of cardiovascular disease in men and hypertension in women'!.

An intervention study evaluated the effectiveness of hot water immersion on atherosclerosis'. Eight-week
passive heat therapy using hot water immersion 4-5 times/week significantly reduced aortic pulse wave velocity
(PWV), carotid intima media thickness (IMT), and blood pressure in sedentary young subjects. However, the
chronic effect of hot water immersion, as well as the effect in the elderly population have not been elucidated.

Faculty of Collaborative Regional Innovation, Ehime University, Ehime, Matsuyama, Japan. 2Center for Genomic
Medicine, Kyoto University Graduate School of Medicine, Kyoto, Japan. *Department of Geriatric Medicine and
Neurology, Ehime University Graduate School of Medicine, Ehime, Toon City, Japan. Correspondence and requests
for materials should be addressed to K.K. (email: kohara.katsuhiko.ib@ehime-u.ac.jp)

SCIENTIFICREPORTS| (2018) 8:8687 | DOI:10.1038/s41598-018-26908-1 1


mailto:kohara.katsuhiko.ib@ehime-u.ac.jp

www.nature.com/scientificreports/

Based upon these findings, it is conceivable that hot water bathing could have beneficial effects on the car-
diovascular system in the general population. However, no study has fully investigated this. Here, we analyzed
the possible association between habitual hot water bathing and cardiovascular parameters in participants of the
Shimanami Health Promoting Program (J-SHIPP) study. Since reduction of arterial stiffness and cardiac unload-
ing could affect central blood pressure (BP), we also evaluated central BP-related parameters.

Methods

Study participants. There were 1593 participants who had completed all elements of the J-SHIPP study
between February 2006 and December 2013. The following clinical evaluations were performed on their visit
for a medical check-up. Of these, 873 had completed a questionnaire about hot water bathing posted to them
in December 2014. All of these participants agreed with the study aims and protocols, gave written informed
consent for all procedures, and had no history of symptomatic cardiovascular events (including stroke, transient
ischemic attack, coronary heart disease or congestive heart failure).

This study was conducted as part of the J-SHIPP study, a longitudinal study evaluating factors relating to
cardiovascular disease, dementia and death'>-'°. The Ethics Committee of the Ehime University Graduate School
of Medicine approved the J-SHIPP series of studies. All studies were performed in accordance with relevant
guidelines and regulations.

Of the 873 subjects, longitudinal data were available for 166 who underwent at least two examinations, with a
mean follow-up period of 4.9 years. In these subjects, sequential changes in atherosclerosis and central haemod-
ynamic related parameters were retrospectively evaluated.

Hot water bathing. The questionnaire about hot water bathing contained questions about weekly frequency,
bathing immersion duration (min), and hot water temperature. Shower use was not considered as bathing. Hot
water temperature was classified as hot (>41°C), medium (40-41 °C) and lukewarm (<40 °C). The seasonal fre-
quency of bath taking was averaged to obtain mean bathing frequency. Subjects were divided into three groups
based on the frequency of their hot water bathing <4 times (group I), 5-6 times (Group II) and >7times per week
(group III). Similar methodology was used in another observational study!!.

Pulse wave velocity (PWV). PWYV was measured using a volume-plethysmograph (PWV/ABL; Omron
Healthcare Co. Ltd., Japan). A detailed description of this device and the validity and reproducibility of its meas-
urements have been published elsewhere!>1%!7. Brachial-to-ankle PWV (baPWV) was calculated using the time
interval between the wave fronts of the brachial and ankle waveforms (ATba) and the path length from the bra-
chium to the ankle. Path lengths from the suprasternal notch to the brachium (Lb) or ankle (La) were calculated
using the formulae: Lb=0.2195 x height +2.0734; La=0.8129 x height + 12.328. Then, baPWV was calculated
using the equation (La — Lb)/ATba.

Carotid arterial measurement. We measured carotid intima-media thickness (IMT) as an index of arterio-
sclerosis'®!*. To measure IMT, ultrasonography of the common carotid artery was performed using an SSD-3500SV
or a10 ultrasonograph (Aloka Co, Ltd, Tokyo, Japan) with a 7.5-MHz probe. After 5 minutes of resting in the supine
position, optical visualization of the bilateral carotid arteries was obtained with the subject’s head tilted slightly
upward in the midline position. IMT of the far wall was measured from B-mode images using computerized soft-
ware, which simultaneously measured IMT at 3 points at 1-cm intervals. Nine IMTs of the far wall were measured at
1-cm intervals proximal to the bulb from the anterior, lateral, and posterior approaches. The mean IMT calculated
from the 18 readings from both side was used in the analysis. Max IMT was obtained within 2 cm periphery from the
bifurcation as the highest IMT of both the far and near wall of bilateral common carotid arteries.

Radial waveform analysis and central blood pressure (BP) measurement. The left radial artery
pulse waveform was measured using an automated tonometric method (HEM-9000AL; Omron Healthcare Co.
Ltd.) with participants placed in a sitting position after at least 5 minutes of rest. Brachial BP was measured simul-
taneously in the right brachium with an oscillometric device incorporated into the HEM-9000AI. The HEM-
9000AI device is programmed to automatically adjust the pressure against the radial artery to obtain the optimal
arterial waveform. The late systolic second peak BP (SBP2) was calculated by calibration with brachial systolic BP
(SBP). Pulse pressure (PP) was calculated as PP = SBP — diastolic BP (DBP), and PP2 was calculated as SBP2 —
DBP. The radial augmentation index (AI) was calculated as PP2/PP x 100 (%)'®. All measurements were repeated
twice and the mean values were used for subsequent analyses. Radial Al and PP2 have been shown to accurately
reflect transfer function-derived aortic Al and aortic PP, and were used as central BP-related values'®'°.

Plasma BNP measurements. Plasma samples were obtained from each participant after an overnight fast.
The samples were immediately frozen and stored at —80 °C until measurements were taken. The plasma BNP con-
centration was measured using a standard chemiluminescent enzyme immunoassay (PATHFAST BNP assay kit;
Mitsubishi Chemical Medience Corporation, Tokyo, Japan)®. The inter-assay reproducibility of BNP (coefficient
of variation) was 3.9%, and the intra-assay reproducibility (for intra-assay variation) was 4.3%.

Risk factor evaluation. Participants’ lifestyles, medical histories, and use of prescribed drugs were assessed
with a questionnaire. A trained nurse performed all anthropometric measurements. Hypertension was defined
as any or all of the following: SBP of >140 mmHg, DBP of >90 mmHg, or use of an antihypertensive drug. Type
2 diabetes was defined as any or all of the following: fasting plasma glucose of >126 mg/dl, HbAlc of >6.5%,
or use of medication to lower blood glucose levels. Dyslipidaemia was defined as any of all of the following:
low-density lipoprotein cholesterol of >140 mg/dl, triglycerides of >150 mg/dl, high-density lipoprotein choles-
terol of <40 mg/dl, or use of medication to treat serum lipid abnormalities'>.
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n (men/women) 228 (90/138) 198(75/123) 447(180/267) 0.85
Age, years old 67.849.0 66.6+7.4 64.518.6 <0.0001
Body height (cm)* 158.940.337 158.84+0.36 159.040.241 0.84
Body weight (kg)* 59.4+0.560 59.0+£0.597 59.340.40 0.86
BMI (kg/m?)* 23.440.209 23.34+0.223 23.340.150 0.98
Systolic BP, mmHg* 134.54+1.20 133.64+1.29 134.84+0.862 0.74
Diastolic B>, mmHg* 76.040.728 76.940.777 77.14£0.52 0.43
Systolic BP2, mmHg* 126.7 +1.247 126.54+1.331 127.54+0.892 0.76
Heart rate, bpm* 66.5+0.663 65.0£0.708 65.5+0.474 0.30
Total cholesterol, mg/dl* 216.9+2.336 210.9+2.493 217.4+3.671 0.08
HDL cholesterol, mg/dl* 65.7+£1.15 64.5+1.23 65.8+0.2 0.65
Triglyceride, mg/dl* 114.7+3.75 106.544.00 108.31+2.68 0.26
Creatinine mg/dl 0.75£0.0112 0.75£0.012 0.77 £0.008 0.28
eGFR ml/min/1.73 m? 7244093 72.1£0.99 70.940.67 0.36
Fasting glucose, mg/dl* 104.6£1.22 102.2+£1.303 104.8+0.873 0.24
IRI, micro U/ml* 5.9+0.259 59+0.277 6.0+£0.186 0.99
Antihypertensive drugs n (%) 77 (34) 61 (31) 128 (29) 0.39
Antidyslipidemic drugs, n (%) 58 (25) 56 (28) 95(21) 0.13
Antidiabetic drugs, n (%) 20(9) 9(5) 23 (5) 0.13
Hypertension, n (%) 122 (54) 107 (54) 224 (50) 0.56
Type 2 Diabetes, n (%) 43 (19) 25(13) 53(12) 0.04
Dyslipidemia, n (%) 154 (68) 125 (63) 305 (68) 0.43
Smoking status, current/past/never, n 11/68/149 9/56/133 25/108/314 0.55
Physical activity, everyday/sometimes/not often/never | 28/124/58/8 40/107/44/7 89/247/93/18 0.85
Carotid mean IMT, mm 0.80+0.16 0.80+0.14 0.77+0.15 0.03
Carotid max IMT, mm 1.03+0.32 0.984+0.21 0.9740.25 0.02
Radial AL % 89.4+123 89.7£10.0 89.4£10.8 0.94
PP2, mmHg 52.4+16.0 50.4413.7 49.6+15.1 0.07
baPWYV, cm/sec 1658 £335 1579 +328 1560 + 306 0.0008
BNP, pg/ml 37.2436.8 32.2427.0 28.5426.5 0.002
Bathing duration, min 13.6+12.3 11.9+79 11.9+9.3 0.07
Water temperature, Hot/medium/lukewarm 25/180/22 31/156/11 79/344/22 0.04

Table 1. Clinical characteristics of studied population divided by the weekly frequency of hot water bathing.
BMI, body mass index; BP, blood pressure; HDL, high density lipoprotein; eGFR, estimated glomerular
filtration rate; IRI, immunoreactive insulin. Values are mean £ SD. *Corrected for age and sex.

Longitudinal observation study. In 166 subjects, follow-up measurements that were more than a year
apart were available. In this population, the effect of hot water bathing on central haemodynamic related param-
eters over time was analyzed. Subjects in longitudinal study were divided into two groups; hot water bathing <4
times (group A) and >5times per week (group B) based on the findings of cross-sectional study.

Statistical analyses. Differences in numeric variables were assessed using analysis of variance (ANOVAs).
Frequency differences were assessed with chi-square (x?) tests. Covariate adjustment was performed in linear
regression analyses. Age, sex, body height, body height, mean BP, heart rate, triglyceride, total cholesterol, HDL
cholesterol, fasting glucose, insulin, estimated glomerular filtration rate, use of antihypertensive drugs, antidys-
lipidemia drugs, antidiabetic drugs, current smoking, and physical activity were adjusted for as possible con-
founding variables. Stepwise regression analyses were employed to find the most appropriate model for central
haemodynamic-related parameters.

In the longitudinal study, the cut-off value for the frequency of hot bathing was set at >5 times per week based
on the findings in the cross-sectional study. Regression analyses for annual changes in parameters (i.e., Apg/ml/
year in BNP) were performed with parameters including categorised bathing frequency.

All statistical analyses were performed with commercially available statistical software (JMP version 11.2.1;
SAS Institute Inc., Cary, NC, USA), and p < 0.05 was considered statistically significant.

Results

Clinical characteristics across three groups of subjects with different bathing frequencies. The
frequency of hot baths ranged from 0 to 24 times per week. The mean frequency of hot bathing was 5.8 1.9
times per week. The duration of a single hot bath ranged from 0 to 120 min. The mean duration of hot baths was
12.4 £ 9.9 min. Table 1 summarizes the clinical backgrounds of the subjects, grouped by frequency of hot water
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0.79+0.008 0.79£0.009 0.78+0.006 0.54
Carotid IMT (mm) 0.7940.006 0.7840.006 0.32
0.79+0.0084 0.78 40,0049 0.83
1.01:£0.0159 0.9840.0169 0.9840.0113 0.25
Carotid Max IMT (mm) | 1.00+0.0116 0.98+0.0113 0.32
1.00-£0.0159 0.98+0.0093 0.097
1620+ 15.71 1568+16.73 1584+ 11.18 0.06
baPWV (cm/sec) 1596+ 11.48 1584+ 11.20 0.50
1620+ 15.70 1579+9.25 0.03
359+ 1.835 30.9+1.954 29.74+1.305 0.02
BNP (pg/ml) 33.641.34 2974131 0.04
359+ 1.834 30.14 1.081 0.007
592+0.721 56.6+0.768 57.4+0.513 0.04
PP (mmHg) 58.040.527 57.4+0.514 0.42
5024072 57.14£0.42 0.02
51.8+0.700 149.540.746 503 +0.498 0.07
PP2 (mmHg) 50.8+0.512 503 +0.499 0.57
51.8+0.700 50140412 0.03

Table 2. Atherosclerotic parameters in three bathing groups. Values are mean & SD. All values are corrected for
age, sex, body height, body weight, mean BP, heart rate, triglyceride, total cholesterol, HDL cholesterol, glucose,
insulin, eGFR, use of antihypertensive drugs, anti-dyslipidemic drugs, anti-diabetic drugs, current smoking and
physical activity.

Age, years old 0.43 | <0.0001 0.35 | <0.0001 0.32 | <0.0001 0.30 | <0.0001
Sex, female —0.16 | <0.0001 | —0.20 0.0001
Body height, cm 0.27 | <0.0001
Body weight, kg —0.08 0.007 0.10 0.002 | —0.19 | <0.0001 | —0.22 | <0.0001
Mean BP, mmHg 0.36 | <0.0001 0.08 0.01 0.53 | <0.0001
Hear rate, bpm 0.14 | <0.0001 | —0.12 0.0001 | —0.40 | <0.0001 | —0.20 | <0.0001
Glucose, mg/dl 0.09 0.01 0.12 | <0.0001
Insulin, pU/ml 0.09 0.001
Total cholesterol, mg/dl —0.07 0.04
HDL cholesterol, mg/dl —0.09 0.001 —0.11 | <0.0001

Triglyceride, mg/dl
eGFR, mg/dl

Antihypertensive drugs 0.12 | 0.0002
Antidyslipidemia drug 0.05 0.03
Antidiabetic drugs 0.07 0.004 0.07 0.04
Current smoking, yes= 1 0.06 0.04

Physical activity?
Bathing frequency, times/week —0.05 0.02 —0.07 0.03

Duration, min

Water temperature, hot =1 —0.10 | <0.0001

Table 3. Stepwise regression analyses for atherosclerotic and central haemodynamic parameters. baPWV,
brachial-ankle pulse wave velocity; IMT, intima-media thickness; PP2, pulse pressure at the second systolic
blood pressure; BNP, B-type natriuretic peptide; BP, blood pressure; HDL, high density lipoprotein; eGFR,
estimated glomerular filtration rate; ¥Physical activity, 1 = everyday, 2 = sometimes, 3 =not often, 4 =never.

bathing. There was a significant difference in age among the groups. However, other parameters including blood
pressure and prevalence of antihypertensive medications were not different. Group II and group III had signifi-
cantly higher prevalence of hot water temperature and lower bathing duration than group L.
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42 124
Men, n (%) 17 (40) 59 (48) 0.42
Age, years old 67.9+7.6 66.4+8.1 0.30
Body height, cm 157.44+9.0 158.61+8.5 0.42
Body weight, kg 56.9+11.9 57.74+10.1 0.81
Body mass index, kg/m?* 22.8+3.4 229+29 0.85
Systolic B>, mmHg 137.84+19.7 136.5+19.5 0.72
Diastolic B>, mmHg 75.1+11.4 77.0£11.9 0.36
Systolic BP 2, mmHg 131.6+20.5 128.54+20.0 0.39
Heart rate, bpm 64.1+9.6 67.0+£11.7 0.15
Total cholesterol, mg/dl 218.4432.4 223.14+40.7 0.50
HDL cholesterol, mg/dl 68.5+£20.9 68.74+19.5 0.95
Triglyceride, mg/dl 101.1+51.6 102.84+53.9 0.85
Glucose, mg/dl 101.6+13.8 104.94+212.0 0.35
IR, pU/ml 50427 5.8+4.0 0.24
Creatinine, mg/dl 0.73+£0.21 0.75+0.19 0.57
eGFR 72.3£15.0 71.2+£12.0 0.63
BNP, pg/ml 3794282 23.74+23.7 0.03
baPWYV, cm/sec 1645 +378 1598 4-282 0.39
Carotid mean IMT, mm 0.77+0.15 0.811+0.16 0.13
Carotid max IMT, mm 0.954+0.22 1.004+0.22 0.24
Antihypertensive drugs, n (%) 9(21) 32(26) 0.57
Antidyslimidemia drugs, n (%) 7 (17) 22(18) 0.87
Antidiabetic drugs, n (%) 3(7) 9(7) 0.98
Hypertension, n (%) 21 (50) 61 (49) 0.93
Type 2 Diabetes, n (%) 7(17) 19 (15) 0.84
Dyslipidemia, n (%) 27 (64) 79 (64) 0.95
Smoking current/past/never, n 4/9/29 8/33/83 0.69
Physical activity, everyday/sometimes/not often/never, n | 8/31/3/0 33/64/23/4 0.03
Mean follow up length, year 51£17 47+21 0.36
Mean follow up times, times 26+1.1 30£1.5 0.09

Table 4. Clinical background of subjects in longitudinal study. BP, blood pressure; HDL, high density
lipoprotein; IRI, immunoreactive insulin; eGFR, estimated glomerular filtration rate; BNP, b-type natriuretic
peptide; baPW'V, brachial-ankle pulse wave velocity; IMT, intima-media thickness. Mean =+ SD.

Atherosclerotic indices, central PP and plasma BNP. Carotid mean IMT, max IMT, radial AL PP2,
baPWYV and plasma BNP in the bathing-frequency groups are summarized in Tables 1 and 2. Although all param-
eters except for radial AT and PP2 were significantly different among the three groups (Table 1), after adjust-
ment for confounding parameters, only plasma BNP remained statistically significant (Table 2). The comparison
between group I and group II 4 III, however, showed significantly differences in baPWV, BNP and PP2, and
different tendency in carotid max IMT, even after correction for confounding parameters (Table 2).

Weekly bathing frequency and duration were evaluated as continuous variables, while bathing temperature
was treated as a categorical variable in stepwise regression analyses for atherosclerotic and central haemodynamic
parameters (Table 3). Bathing frequency was significantly, negatively and independently associated with central
PP and plasma BNP. Hot water temperature, but not bathing frequency, was significantly related to lower baPWV.

Longitudinal observation. The clinical backgrounds of the longitudinal study population split into two
groups on the basis of bathing frequency obtained from the cross-sectional study are summarized in Table 4.
There were no significant differences in the parameters compared across the two groups except for basal BNP
concentration and physical activity. Figure 1 depicts changes in plasma BNP across the two bathing frequency
groups. After adjustment for the confounding parameters, including basal BNP concentration, this difference
remained significant.

However, changes in central PP, carotid max IMT and baPWV were not significantly different across the two
groups (Supplemental Table 1). Changes in baPWV and carotid max IMT tended to be lower in subjects in the
hot water temperature group compared to the medium and lukewarm groups (Fig. 1).

Discussion
In the present study, we found that hot water bathing >5 times per week was associated with lower baPWYV,
central PP and plasma BNP concentration. Furthermore, hot water-bathing frequency >5 times per week was
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Figure 1. Change in central blood pressure related parameters across the two bathing frequency groups and
two water temperature groups. Bathing frequency group I; 0-4 times/week (n=42), group II; >5 times/week
(n=124). Water temperature; hot group (n=22), medium + lukewarm group (n = 144). Regression analyses
for change in B-type natriuretic peptide (BNP) (top), max carotid intima-media thickness (IMT) (middle) and
brachial-ankle pulse wave velocity (baPWV) (bottom). Corrected for basal age, sex, body height, body weight,
mean blood pressure, heart rate, triglyceride, total cholesterol, high density lipoprotein cholesterol, fasting
glucose, insulin, estimated glomerular filtration rate, use of antihypertensive drugs, antidyslipidemia drugs,
antidiabetic drugs, current smoking, physical activity and basal parameter (BNP, carotid max IMT or baPWV)
for each analysis. Means + SEM.

associated with a decrease in plasma BNP concentration over time. However, hot water temperature was sig-
nificantly associated with lower baPWV. Moreover, subjects who favored hot water temperature tended to have
reduced progression of baPWV and carotid max IMT over time. These findings indicate that hot water immersion
could be a useful lifestyle intervention to preserve cardiovascular function in the elderly.

There are two major mechanisms underlying the physiological effect of hot water immersion: heat exposure
and water immersion. Heat exposure shares the mechanism observed in sauna bathing, increasing core temper-
ature, heart rate and contractility, redistribution of blood flow, and changes in conduit vessel endothelial shear
stress'?. Heat exposure also activates the heat shock protein, which stabilizes numerous important proteins in reg-
ulating the cardiovascular system'>?!. Elevation of core body temperature and increase in blood flow show similar
physiological effects to those seen in exercise, which may account for the positive vascular effects associated with
hot water immersion'2. Physical activity was not significantly associated with the central haemodynamic param-
eters in the present study. However, our estimation of physical activity did not accurately quantify physical activ-
ity. Furthermore, the cardiovascular fitness level, which we did not evaluate in this study, has been shown to be
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associated with lower cardiovascular risk and better vascular function?. Accordingly, it is possible that physical
fitness and/or physical activity could account for part of the present findings.

The effect on vascular variables of an 8-week effect of hot water immersion was compared to thermoneutral
water immersion'2. Hot water immersion significantly increased flow-mediated arterial dilatation, and decreased
carotid IMT and PWYV, indicating that hot temperature is more important than water immersion in reducing
atherosclerosis'2. In addition, several studies demonstrated that lower leg hot water immersion, without the effect
of body immersion, could improve cardiac as well as arterial functions**-?*. Furthermore, recent studies have
demonstrated that 30 min of sauna bathing significantly decreased arterial stiffness, decreased blood pressure
without changes in the augmentation index, and augmented the blood pressure®*?”. These findings may relate to
our finding that baPWV was more related to water temperature than bathing frequency. Hot water temperature
also showed a marginal effect of increasing baPWV and max IMT over time in the longitudinal observation.

However, immersion changes body fluid distribution from peripheral to central vasculature, resulting in
increased stroke volume>®. One study evaluating the effect of 7-day dry immersion demonstrated that acute
natriuresis and diuresis on day 1 of dry immersion was followed by a new steady state for water and electro-
lyte homeostasis?. Plasma volume was significantly decreased at day 3 and remained stable at day 7. While
NT-proBNP levels did not change significantly during dry immersion in their study, immersion-related natriu-
resis and plasma volume reduction could account for the negative association between hot water bathing fre-
quency and plasma BNP. However, it has also been reported that thermo-neutral water immersion did not change
metabolic parameters including blood pressure?, BMI, waist circumference, lipid, glucose and CRP®, which is
consistent with the present findings: the only metabolic parameter associated with bathing habits was central BP.

Central BP is thought to be associated with increased end-organ damage and cardiovascular death®**'. Central
PP and pressure wave reflections increase during water immersion®!, which may cause an increase in natriuretic
peptide®. In the present study, however, we did not observe any difference in pressure wave reflections (AI), even
though PP2, an index for aortic PP, was significantly lower in subjects bathing >5 times per week. These findings
indicate that improvement of arterial compliance, rather than the reduction of pressure reflection, could contrib-
ute to lower central PP in chronic conditions.

The pulse wave velocity between the carotid and femoral artery (cfPWYV) is the most widely used index for
arterial stiffness. Brachial-ankle PWV is more easily obtainable than cfPWV and is reportedly closely correlated
with the directly measured aortic PWV and cfPWV?3?. A recent meta-analysis of individual participants’ data
demonstrated that baPW'V is an independent predictor of the risk of development of cardiovascular disease in
Japanese subjects, indicating the clinical usefulness and reliability of baPW V7.

There are several limitations associated with the present research. The cross-sectional nature of the study
makes it impossible to infer any causal relationships between the variables studied, although we note that the
longitudinal results support several of the findings seen in the cross-sectional study. We used a seasonal average,
but we note that there were seasonal changes in the frequency of hot water-bathing use. Water temperature was
not directly measured, and was instead subjectively classified. Accordingly, the absolute temperature of “hot” was
not clear. Furthermore, data regarding habitual bathing were collected in December 2014 and may not neces-
sarily reflect the bathing habits of the participants at the time of the clinical evaluation. Similarly, in the longitu-
dinal study, data were analyzed with the assumption that hot water-bathing frequency and temperature did not
change throughout the observational period. Although other longitudinal studies were also analyzed with similar
assumption'?, these issues could feasibly have influenced the associations we report here, and a longitudinal
prospective study, with serial assessment of hot water bathing habits, would help to elucidate the relationships
observed here.

In conclusion, in Japanese subjects hot water bathing habits were associated with reduced central haemo-
dynamic burden indexed by central BP and plasma BNP levels in addition to low atherosclerotic parameters.
Bathing frequency and water temperature may represent different mechanisms contributing to the favorable
effects of hot water bathing.

References
1. Laukkanen, T., Khan, H., Zaccardi, F. & Laukkanen, J. A. Association between sauna bathing and fatal cardiovascular and all-cause
mortality events. JAMA Intern Med. 175, 542-548 (2015).
2. Zaccardi., E et al. Sauna Bathing and Incident Hypertension: A Prospective Cohort Study. Am ] Hypertens. 30, 1120-1125 (2017).
3. Ohori, T. et al. Effect of repeated sauna treatment on exercise tolerance and endothelial function in patients with chronic heart
failure. Am J Cardiol. 109, 100-104 (2012).
4. Tei,, C. et al. Waon Therapy for Managing Chronic Heart Failure - Results From a Multicenter Prospective Randomized WAON-
CHF Study. Circ J. 80, 827-34 (2016).
5. Lazar, J. M., Khanna, N., Chesler, R. & Salciccioli, L. Swimming and the heart. Int ] Cardiol. 168, 19-26 (2013).
6. Naumann., J. et al. Outcomes from a three-arm randomized controlled trial of frequent immersion in thermoneutral water on
cardiovascular risk factors. BMC Complement. Altern Med. 16, 250 (2016).
7. Tei, C. et al. Acute hemodynamic improvement by thermal vasodilation in congestive heart failure. Circulation. 91, 2582-2590
(1995).
8. Griiner., S. B. et al. Benefit of warm water immersion on biventricular function in patients with chronic heart failure. Cardiovasc
Ultrasound. 7, 33 (2009).
9. Michalsen., A. et al. Thermal hydrotherapy improves quality of life and hemodynamic function in patients with chronic heart failure.
Am Heart ]. 146, 728-33 (2003).
10. Cider., A., Sveilv,, B. G, Téng., M. S., Schaufelberger, M. & Andersson, B. Immersion in warm water induces improvement in cardiac
function in patients with chronic heart failure. Eur ] Heart Fail. 8, 308-13 (2006).
11. Maeda., T., Mimori., K., Suzuki, S., Horiuchi., T. & Makino., N. Preventive and promotive effects of habitual hot spa-bathing on the
elderly in Japan. Sci Rep. 8,133 (2018).
12. Brunt, V. E.,, Howard, M. J., Francisco, M. A., Ely, B. R. & Minson, C. T. Passive heat therapy improves endothelial function, arterial
stiffness and blood pressure in sedentary humans. J Physiol. 594, 5329-5342 (2016).

SCIENTIFICREPORTS | (2018) 8:8687 | DOI:10.1038/s41598-018-26908-1 7



www.nature.com/scientificreports/

13. Okada, Y. et al. Mechanical stresses, arterial stiffness, and brain small vessel diseases: Shimanami Health Promoting Program Study.
Stroke. 45, 3287-3292 (2014).

14. Tabara, Y. et al. Association of postural instability with asymptomatic cerebrovascular damage and cognitive decline: the Japan
Shimanami health promoting program study. Stroke. 46, 16-22 (2015).

15. Ohara., M. et al. Office-based simple frailty score and central blood pressure predict mild cognitive impairment in an apparently
healthy Japanese population: J-SHIPP study. Sci Rep. 7, 46419 (2017).

16. Tomiyama, H. et al. Influences of age and gender on results of noninvasive brachialankle pulse wave velocity measurement-a survey
of 12517 subjects. Atherosclerosis. 166, 303-309 (2003).

17. Ohkuma., T. et al. Brachial-ankle pulse wave velocity and the risk prediction of cardiovascular disease: an individual participant data
meta-analysis. Hypertension. 69, 1045-1052 (2017).

18. Kohara, K. et al. Clinical usefulness of the second peak of radial systolic blood pressure for estimation of aortic systolic blood
pressure. ] Hum Hypertens. 23, 538-545 (2009).

19. Kohara, K. et al. Radial augmentation index: a useful and easily obtainable parameter for vascular aging. Am ] Hypertens. 18,
11S-14S (2005).

20. Yamashita, T. et al. Muscle mass, visceral fat, and plasma levels of B-type natriuretic peptide in healthy individuals (from the
J-SHIPP Study). Am J Cardiol. 114, 635-640 (2014).

21. Okada, M. et al. Thermal treatment attenuates neointimal thickening with enhanced expression of heat-shock protein 72 and
suppression of oxidative stress. Circulation. 109, 1763-1768 (2004).

22. Oudegeest-Sander., M. H. et al. Association of fitness level with cardiovascular risk and vascular function in older nonexercising
individuals. ] Aging Phys Act. 23, 417-24 (2015).

23. Thomas., K. N., van Rij, A. M., Lucas, S. J. & Cotter, J. D. Lower-limb hot-water immersion acutely induces beneficial hemodynamic
and cardiovascular responses in peripheral arterial disease and healthy, elderly controls. Am J Physiol Regul Integr Comp Physiol. 312,
R281-R291 (2017).

24. Thomas., K. N., van Rij, A. M., Lucas, S. J., Gray, A. R. & Cotter, J. D. Substantive hemodynamic and thermal strain upon completing
lower-limb hot-water immersion; comparisons with treadmill running. Temperature. 3, 286-297 (2016).

25. Hu., Q, Zhu, W, Zhu., Y., Zheng, L. & Hughson, R. L. Acute effects of warm footbath on arterial stiffness in healthy young and older
women. Eur ] Appl Physiol. 112, 1261-8 (2012).

26. Lee., E. et al. Sauna exposure leads to improved arterial compliance: Findings from a non-randomised experimental study. Eur J Prev
Cardiol. 25,130-138 (2018).

27. Laukkanen.,, T. et al. Acute effects of sauna bathing on cardiovascular function. ] Hum Hypertens. 32, 129-138 (2018).

28. Navasiolava, N. M. et al. NT-ProBNP levels, water and sodium homeostasis in healthy men: effects of 7 days of dry immersion. Eur
J Appl Physiol. 111, 2229-2237 (2011).

29. Naumann, J., Bureau, N., Schmidt, S., Sadaghiani, C. & Huber, R. A single center three-arm parallel-group, randomized controlled
study to evaluate antihypertensive effects of frequent immersion in thermoneutral water. Int ] Cardiol. 188, 73-75 (2015).

30. Kohara, K. Central blood pressure and end-organ damage. Curr Hypertens Rev. 8, 100-107 (2012).

31. Herbert, A., Cruickshank, J. K., Laurent, S. & Boutouyrie, P. Reference Values for Arterial Measurements Collaboration. Establishing
reference values for central blood pressure and its amplification in a general healthy population and according to cardiovascular risk
factors. Eur Heart J. 35,3122-3133 (2014).

32. Lazar, J. M. et al. The effects of head-out-of-water immersion on arterial wave reflection in healthy adults. ] Am Soc Hypertens. 2,
455-461 (2008).

33. Tanaka, H. et al. Comparison between carotid-femoral and brachial-ankle pulse wave velocity as measures of arterial stiffness. J
Hypertens. 27, 2022-2027 (2009).

Acknowledgements

This study was supported by a Grant-in-Aid for Scientific Research from the Ministry of Education, Culture,
Sports, Science and Technology of Japan, and the Ministry of Health, Labour and Welfare of Japan, a research
grant from The Japan Health & Research Institute and a grant from Suzuken Memorial Foundation.

Author Contributions
M.Oc. Y0.0., M.Oh., T.N. and M.I. collected data, K.K., Y.T. and M.IL. supervised study, K.K. drafted the
manuscript, Y.Oh. and M.L. reviewed the manuscript.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-018-26908-1.

Competing Interests: The authors declare no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2018

SCIENTIFICREPORTS | (2018) 8:8687 | DOI:10.1038/s41598-018-26908-1 8


http://dx.doi.org/10.1038/s41598-018-26908-1
http://creativecommons.org/licenses/by/4.0/

	Habitual hot water bathing protects cardiovascular function in middle-aged to elderly Japanese subjects

	Methods

	Study participants. 
	Hot water bathing. 
	Pulse wave velocity (PWV). 
	Carotid arterial measurement. 
	Radial waveform analysis and central blood pressure (BP) measurement. 
	Plasma BNP measurements. 
	Risk factor evaluation. 
	Longitudinal observation study. 
	Statistical analyses. 

	Results

	Clinical characteristics across three groups of subjects with different bathing frequencies. 
	Atherosclerotic indices, central PP and plasma BNP. 
	Longitudinal observation. 

	Discussion

	Acknowledgements

	﻿Figure 1 Change in central blood pressure related parameters across the two bathing frequency groups and two water temperature groups.
	Table 1 Clinical characteristics of studied population divided by the weekly frequency of hot water bathing.
	Table 2 Atherosclerotic parameters in three bathing groups.
	Table 3 Stepwise regression analyses for atherosclerotic and central haemodynamic parameters.
	Table 4 Clinical background of subjects in longitudinal study.




