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Abstract

Hot water bathing has been demonstrated to be an effective way to improve people’s cardiovascular health in many studies.
This study focused on seasonal physiological changes to provide suggestions on bathing methods based on season for hot
spring bathing. Volunteers were recruited to the program of hot spring bathing at 38—40°C in New Taipei City.
Cardiovascular function, blood oxygen, and ear temperature were observed. There were five assessments for each participant
during the study process: baseline, bathing for 20 min and 2 cycles *20 (2*20) min, resting for 20 min and 2*20 min after
bathing, respectively. Lower blood pressure (p <0.001), pulse pressure (p <0.001), left ventricular dP/dt Max (p <0.001),
and cardiac output (p < 0.05) were identified after bathing then rested for 2*20 min in four seasons, compared to baseline by
paired T test. However, in multivariate linear regression model, potential risk for bathing in summer was assumed by higher
heart rate (4+28.4%, p <0.001), cardiac output (+54.9%, p <0.001) and left ventricular dP/dt Max (+27.6%, p <0.05)
during bathing at 2*20 min in summer. Potential risk for bathing in winter was postulated by blood pressure lowering
(cSBP —10.0%; cDBP —22.1%, p <0.001) during bathing at 2*20 min in winter. Hot spring bathing is shown to potentially
improve cardiovascular function via reducing cardiac workload and vasodilation effects. Prolonged hot spring bathing in
summer is not suggested due to significantly increased cardiac stress. In winter, prominent drop of blood pressure should be
concerned.
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Balneotherapy is a way for cardiovascular health promo-
tion, which is defined as physical therapy for assisting
disease treatment by bathing in hot tap water or mineral
water. For several decades, balneotherapy in disease treat-
ment effect and health promotion had been discussed
worldwide, which showed significant effects for some dis-
eases [1]. With regard to cardiovascular diseases, patients
with coronary heart disease [2], hypertension [3], arrhyth-
mia [4], and varicose vein [5] have significant improvement
from balneotherapy. Therefore, balneotherapy may be a
promising strategy for cardiovascular health promotion.
However, balneotherapy also raises health concern espe-
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cially for the elderly population. It is estimated that around
19,000 Japanese individuals die annually while taking a
bath, mostly during winter, and most victims are elderly
people [6, 7]. Japan had the highest number of victims from
drowning and highest incidence of bathtub accidents
(64.6%) among 60 countries [6, 8]. In both Japanese and
Taiwanese, hot-spring bathing is part of the gathering or
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Graphical Abstract

We demonstrated the study enrollment, the hot-spring contents and location, and physiological changes of general trends or
seasonal variations, which may indicate potential benefits and risks during and after bathing. (Abbreviations: BP, blood
pressure; PP, pulse pressure; LV, left ventricular; CO, cardiac output; HR, heart rate; cSBP, central systolic blood pressure;
cDBP, central diastolic blood pressure).
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changes related to cardiac workload and vascular
stiffness is warranted.
o Consideration for the Asian population

Point of view

e Clinical relevance
Hot spring bathing potentially reduces cardiac
workload and increases vasodilation after bathing. In
summer, prolonged hot spring bathing is not suggested
due to significantly increased cardiac stress. In winter,
prominent drop of blood pressure should be concerned.
e Future direction
A long-term study for cumulative effects of hot-
spring bathing on cardiovascular physiological

While thermal effects on potential cardiovascular
risks and benefits after sauna and hot-spring
bathing were similar, potential differences in
the long-term effects from bathing habits and
bathing water mineral contents between the
Asian and non-Asian populations worth further
studies.
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Fig. 1 Flow chart illustrating the
number (N) of the participants
recruited in four seasons

Summer

Autumn

9th March, 20th April,
2019 2019
N=17 N=24
Male 9 Male 11
Female 8 Female 13

21st June, 16th August, 18th Oct., 22nd Nov., 27nd Dec.,
2019 2019 2019 2019 2019
N=14 N=17 N=18 N=13 N=15
Male 7 Male 10 Male 9 Male 4 Male 6
Female 7 Female 7 Female 9 Female 9 Female 9

recreational culture, which warrants further studies on bal-
neotherapy cardiovascular health effects.

Cardiovascular diseases (CVDs) remain the most com-
mon cause of death worldwide.More than 17 million people
die from CVDs each year, this made up of 48% of non-
communicable disease mortality. By 2030, the death annual
toll is projected to be 23.6 million [9, 10]. Global Burden of
Disease Study, a systematic analysis presented 235 causes
of death and 67 different risk factors in 21 different regions
worldwide. In non-transmitted diseases, cardiovascular
diseases were the most prevalent, and had the highest
incidence and mortality rate between 1980 and 2010 [11].
Due to high prevalence, incidence and mortality of CVDs,
“appropriate balneotherapy” should be figured out for pro-
motion of cardiovascular health and prevention from
potential cardiovascular risks during hot spring bathing.

Cardiovascular physical responses, such as blood pres-
sure, cardiac and vascular function, and heart rate variability
correlated with sympathetic tone, have been associated with
thermal and water immersion physical effect during hot-
spring bathing is an important health issue for the safety of
travelers. Jem et al. addressed heat stress effect on vascular
outcomes, and many studies have demonstrated the bene-
ficial effects of heating on reducing arterial stiffness (e.g.,
pulse-wave velocity and arterial wall compliance) [12]. SAS
et al. recruited ninety-eight patients with musculoskeletal
disorders referred to physiotherapy with balneotherapy.
Diastolic blood pressure (DBP) decreased and pulse
increased during balneotherapy (p <0.05). DBP increase
and pulse rate decrease were observed during recovery time
(p <0.05), which may indicate decreased pulse pressure and
cardiac stress, and increased vascular elasticity compared to
the status before bathing therapy. Therefore, balneotherapy
may be effective for improving peripheral cardiopulmonary
responses in patients with musculoskeletal disorders [13],
however, the drop of blood pressure and increased cardiac
stress should be concerned during balneotherapy.

Seasonal variations of cardiovascular effects during hot-
spring bathing were less covered by previous studies.
Accidental bathtub drowning accidents [6] and sudden
death phenomenon while bathing was prominent in winter
[7], however, studies on the potential threats and benefits in
different seasons are limited. That is, we measured
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cardiovascular physiological changes in four seasons for
preventive measures. Studies on changes in cardiac output,
workload and blood oxygen associated with temperature
changes from low to high surrounding temperature which
may increases risk are also limited. Though previous stu-
dies showed peripheral blood pressure dropped during
bathing, central blood pressure change has not been well
studied. In addition, left ventricular (LV) work load in
terms of LV dP/dt max, before and after balneotherapy has
not been investigated.

This observational pilot study was designed to determine
the seasonal variation in cardiovascular physiological
changes and potential instant health effects in cardiovas-
cular functions (CVFs). The aims of this study are to
demonstrate seasonal variation in CVFs by comparing intra-
individual differences during and after bathing in four
seasons for analyzing especially on CVFs by using mixed
effects model, to discuss the potential health risks and
benefits of seasonal variation in cardiovascular hemody-
namics during and after hot-spring bathing and to provide
guidance on the bathing methods should be considered
depending on the season.

Methods
Design and participants

We recruited healthy volunteers to participate in the cardi-
ovascular promotion program of hot spring bathing and
cardiovascular effects. Our study took place at Old Jinshan
Governor-General Hot Spring located in New Taipei City
(Graphical abstract). The hot spring water quality was
analyzed three times in different seasons and was categor-
ized as acid-sulfate-chloride hot spring and rich in iron. Hot
spring temperature was maintained at about 38—40 °C dur-
ing study, according to the Japanese study recommendation,
which balanced between lowering heart load by reduced
blood pressure and higher cardiac stress triggered by
increasing heart rate under higher temperature [14, 15]. Hot
spring temperature may be affected by wind speed and
environmental temperature, therefore instant cold and hot
water supplement was given.
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Fig. 2 Flow chart illustrating the
testing process

Measurement — 1

Measurement — 2

Measurement —3 || Measurement —4 || Measurement — 5

50 60 80 100 120
/ — /

Minutes

The tests were performed once per month in 2019 since
March for a total of seven tests. 2080 years old adults were
recruited, and past histories with acute coronary heart disease
or current serious medical conditions were excluded. The
number of participating subjects enrolled were 17, 24, 14, 17,
18, 13, 15, respectively. (Fig. 1) The definitions of habits
shown as follows, previous and present smoking habit were
both included as having smoking habit; drinking habit unless
once per week defined as having alcohol habit; exercise unless
three times per week, and more than 30 min each time was
named as having exercise habit. 38 participants (32.2%) have
hypertension. Hypertension definition included present
hypertensive medication use (24 participants, 20.34%),
underlying disease with hypertension and first blood pressure
measurement during our tests exceeding 140/90 mmHg. 41
participants (34.75%) had hot spring bathing habit, defined as
unless 12 times bathing per year, and maintained over
12 months. The data were approved by the National Taiwan
University Hospital Research Ethics Committee (NTUHREC).
We had well explained the study process and provided written
informed consent before undergoing cardiovascular health
examinations. No acute cardiovascular complications were
observed during the study.

The electrocardiogram and heart rate variability data of
each subject was collected throughout the whole study
process. Cardiovascular function using DynaPulse were
conducted five times for each participant during the study
process, including baseline, 20 min and two cycles of
20 min (2*20 min) during hot spring bathing, and resting
20 min and 2*20 min after bathing, respectively (Fig. 2).
According to previous Japanese studies, 15-20 min was the
optimal duration for hot spring bathing [14, 15]. In addition,
blood oxygen saturation level (SpO,) and ear temperature
measurements were also recorded simultaneously for sur-
rogate physiologic measures.

The protocol began with a first measurement before
bathing, then the subjects were immersed in hot spring in a
sitting posture to the chest level for 20 min and take the
second measurement. The subjects then repeated the
immersion continuously for 20 min and received the third
measurement. After that, the subjects rest for 20 min
and take the fourth measurement, then rest another 20 min
and take the final fifth measurement. During the testing

20 30
N

38°C Hot-spring Bathing

'

Resting in Room Temperature

process, participants were not allowed any food intake,
therefore, 300 ml of bottled water were provided. In addi-
tion, any other drinks were also restricted.

Environmental and participants’ oxygenation
assessment

The instruments used for environmental monitoring were real-
time recording at men’s and women’s bathing field in four
different seasons. The concentration and size distribution, as
well as the real-time mass concentration of particulate matter
in the air (PM;, PM, 5, PM| ¢, and total suspended particles),
were monitored using a DustTrak aerosol monitor (model
8533; TSI Inc., Shoreview, MN, USA). The temperature, CO,
CO,, and relative humidity were monitored using an IAQ
monitor (model 7575; TSI Inc., Shoreview, MN, USA).
Oxygen saturation rate (finger SpO, value) was obtained using
the Rossmax Pulse Oximeter, Model SB100 (Rossmax Inter-
national Ltd., Taipei, Taiwan). Real-time recording of envir-
onmental parameters was saved in every minute.

Cardiac and vascular functions assessments

An oscillometric BP device (DynaPulse 200 M, Pulse
Metric Inc., San Diego, CA, USA) was used to record the
arterial pressure waveform using a cuff sphygmomanometer
[16, 17]. BP was measured twice (left and right hands) after
at least 5 min of rest in a sitting position in a quiet room. BP
was determined by changes in pressure waveform according
to Bernoulli flow effects. Central SBP and DBP, vascular
compliance (e.g., BAC, BAD, and BAR) and peripheral
resistance of the brachial artery were derived by incorpor-
ating the arterial pressure signals from a standard cuff
sphygmomanometer using a physical model [18, 19]. The
BP used in the analyses was compared intra-individually in
left and right arm for each subject, thus two measurements
for each participant. This method has also been employed to
derive other cardiac hemodynamic parameters, such as the
maximum rate of left ventricular pressure increase (LV dP/
dt max), stroke volume (SV), CO, and cardiac index (CI);
and its application was also validated in our recent studies
[20-22]. The data were electronically transmitted from the
collection site to a central analysis center.
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Table 1 General characteristics among participants and hot spring bathing environment in different seasons

Variables Average (N=118) Spring (N =41) Summer (N =31) Autumn (N =31) Winter (N = 15) P value
Age (years) 60.33+11.8 58.93+10.8 63.58 £10.8 61.23+£14.0 55.67+10.5 0.142
Gender: Male 47.46% (56) 48.78% (20) 54.84% (17) 41.94% (13) 40% (6) 0.7
Female 52.54% (62) 51.22% (21) 45.16% (14) 58.06% (18) 60% (9)

BMI (kg/mz) 2473 +£3.2 2473 £3.1 25.09+£3.2 24.73£3.7 23.97+2.4 0.749
“Smoking 18.64% (22) 18.64% (5) 22.58% (7) 19.35% (6) 26.67% (4) 0.554
bAlcohol 16.95% (20) 17.07% (7) 16.13% (5) 16.13% (5) 20% (3) 0.99
“Exercise Habit 44.92% (53) 44.92% (21) 45.16% (14) 41.94% (13) 33.33% (5) 0.663
YHypertension 32.2% (38) 32.2% (10) 35.48% (11) 38.71% (12) 33.33% (5) 0.592
Hypertension with medication 20.34% (24) 20.34% (6) 22.58% (7) 29.03% (9) 13.33% (2) 0.42
Hypercholesterolemia 18.64% (22) 18.64% (7) 25.81% (8) 19.35% (6) 6.67% (1) 0.467
“Hot Spring Bathing Habit 34.75% (41) 34.75% (14) 35.48% (11) 35.48% (11) 33.33% (5) 0.998
Ambient Temperature 24.34 +3.06 33.86+1.28 24.81 £1.31 16.63+£0.13

Ambient Humidity 85.71 +8.91 64.06 £4.76 82.09+11.48 7098 £1.91

BMI body mass index
*Smoking: previous and present smoking habit were both included;

®Alcohol: drinking habit unless once per week;

“Exercise Habit: Exercise unless three times per week, and more than 30 min each time;

dHypertension: present hypertensive medication use or past history with hypertension and first blood pressure measurement exceeded

140/90 mmHg;

“Hot Spring Bathing Habit: Hot spring habit unless 12 times per year, and maintained over 12 months

Statistical analysis

Every participant enrolled in our study had measurements
for five times before, during and after hot-spring bathing.
Therefore, CVFs, blood oxygenation, ear temperature, and
ambient temperature had included five data points for each
measurement. For cardiovascular function monitoring,
participants’ both hands were measured, then average value
was recorded. Ambient temperature was monitored since
the first participant’s first CVF measurement, then recorded
for 20 min afterwards. Ambient temperature records in five-
time measurements and the fields for men and women were
monitored separately and respectively.

For evaluation of physical changes before, during and
after hot spring bathing, paired T-test was used to compare
the means + standard deviations of continuous variables
between baseline (before hot-spring bathing) and four
sequential measurements of continuous variables such as
CVFs, blood oxygenation, ear temperature, and ambient
temperature. We calculated Bonferroni correction for the p-
values in Table 2.

Univariate and multivariate linear regression models
were applied to explore both vascular (ASBP, ADBP) and
cardiac effects (AHR, ALV dP/dt Max, ACO) during hot
spring bathing for two cycles of 20-min (2*20 min) and
after hot spring bathing then rested for 2*20 min. Due to
consideration of missing measurements, proper numbers of
cardiovascular parameters were chosen to prevent over-
fitting. The study targeted on hot spring effect on CVFs,
therefore less direct parameters such as BMI, smoking,
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alcohol and exercise habits were excluded in mixed effect
models. Parameters included into the model were: age,
gender, hypertension with medication, hot spring bathing
habit, ear temperature change, ambient temperature and
season. We had excluded ear and ambient temperature in
multivariate regression analysis. All statistical analyses
were performed with R statistical software (version 3.5.1,
R Development Core Team, Vienna, Austria, 2018). Sta-
tistical significance was considered p value of <0.05.

Hot spring content assessment

lon contents assessment

The instruments used for hot-spring ion content assessment
was Dionex ICS-1100 Ion Chromatography. (Please refer
Supplementary Information 1.1 and 2.1 for detailed
information.)

Microbes assessment

For detection of spring water hygiene, Escherichia coli
(E. coli) and total florac were tested. (Please refer Supple-
mentary Information 1.2 and 2.2 for detailed information.)

Results

The general characteristics of the participants are summarized
in Table 1. 118 participants were enrolled. The mean ages of
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Fig. 4 The average and different seasonal trends of cardiac parameters

and cDBP (p <0.001). Compared to women, men were less
likely correlated with decreased cSBP (p <0.01).

In Tables 3-2, the univariate and multivariate linear
regression models showed the cardiac effects during bathing
for 2*20 min in four seasons compared to baseline are as
follows: HR (20.73 beat/min, +28.4%, p<0.001), CO
(2.64 L/min, +549%, p<0.001), LV dP/dt Max
(336.15 mmHg/s, +27.6%, p<0.01) were all increased
significantly in summer. Ear temperature increment was
correlated with increased HR (p <0.001) and CO (p <0.05).
Ambient temperature increment was correlated with
increased CO (p <0.05) and LV dP/dt Max (p <0.05). In
the contrary, hypertension with medication was negatively
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correlated with HR and CO (p <0.05), and aging was also
negatively correlated with CO and LV dP/dt Max (p < 0.05).

In Tables 4-1, the univariate and multivariate linear
regression models showed the vascular and blood oxygen
effects after bathing and rested for 2#20 min in all four seasons
were resumed to baseline without significant difference.

In Tables 4-2, the univariate and multivariate linear
regression models showed the cardiac effects after bathing
and rested for 2*20min in four seasons compared to
baseline are as follows: LV dP/dt Max decreased
186.06 mmHg/s in spring (p <0.05). HR and CO were all
increased significantly in summer, autumn, and winter,
spring without significant change. Ear

except for
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Table 3-1 Linear regression model of vascular and blood oxygen effect during hot spring bathing for 2#20 min

c¢SBP (mmHg) cDBP (mmHg) SpO, (%)
Univariate Multivariate Univariate Multivariate Univariate Multivariate
(N=117) (N=117) (N=117) (N=117) (N=116) (N=116)
Reg. coef. +S.E. Reg. coef. = S.E. Reg. coef. +S.E. Reg. coef. +S.E. Reg. coef. +S.E. Reg. coef. = S.E.
Interception - —0.59+5.34 - —7.89 £3.54* —0.39+0.68 0.564
Age —0.11£0.09 —0.13+0.09 0.02+£0.06 0.01+0.06 —0.01+0.01 0.179
Gender [Male] 6.49 £2.07% 6.32 £ 1.997 2.89 +1.42% 2.59+1.32 —0.14+0.24 0.563
Hypertension with —2.18 £2.66 —0.98 £2.49 0.23+£1.79 0.76 £ 1.65 —0.29+0.28 0.302
Medication
Hot Spring Bathing Habit —1.97+£2.25 —1.96+2.13 0.16 £1.51 —0.13+1.41 0.18+£0.24 0.453
Ear Temperature Change —5.57+1.87%F —5.11x1.23%
Ambient Temperature 0.32+0.19 0.06 £0.13
Season [Summer] vs. —3.21+£2.6 —2.87+254 —6.04 £ 1.66% —6.28 +1.68% 0.37+0.31 0.239
[Spring]
[Autumn] vs. [Spring] —4.81+2.6 —3.9+2.53 —4.94 +£1.66F —4.88 +1.687 0.3+0.31 0.331
[Winter] vs. [Spring] —13.97 +3.38% —13.46 +3.27% —11.22+2.16% —10.86 +2.17% —0.29+0.39 0.452

¢SBP central systolic blood pressure, cDBP central diastolic blood pressure, SpO, peripheral oxygen saturation, Reg. coef. regression coefficient

*p < 0.05; Tp <0.01; $p <0.001

Table 3-2 Linear regression model of cardiac effect during hot spring bathing for 2*20 min

HR (Beat/min) CO (L/min) LV dp/dt Max (mmHg/s)
Univariate Multivariate Univariate Multivariate Univariate (N =116) Multivariate
(N=116) (N=116) (N=116) (N=116) (N=116)

Reg. coef. + S.E.

Reg. coef. +S.E.

Reg. coef. + S.E.

Reg. coef. +S.E.

Reg. coef. +S.E.

Reg. coef. + S.E.

Interception - 8.33+4.44 - 1.38 £0.427% - 198.53 £97.32%
Age 0.01 +£0.08 —0.01+0.07 —0.0101 £0.01 —0.015+0.01* —2.98+1.58 —3.78 £1.63*
Gender [Male] —0.36 +1.86 —0.68 +1.65 0.03+0.18 0.02+0.16 40.51+37.76 39.96 +36.33
Hypertension with —3.15+2.28 —4.14 £2.07* —0.37+0.22 —0.4+0.2% —55.14 +46.45 —48.71 £45.42
Medication

Hot Spring Bathing Habit 1.11+1.94 1.09+1.77 0.03+0.19 0.09+0.17 —35.88 +39.46 —20.73 +38.86
Ear Temperature Change 6.26 + 1.66% 0.43+£0.17* —10.25+36.92

Ambient Temperature 0.19+0.17 0.03 +0.02* 8.12£3.34*

Season [Summer] vs. 11.98 £2.09% 124 +2.11% 1.16 £0.21% 1.26 +£0.2% 117.01 £47.16* 137.62 +46.59}
[Spring]

[Autumn] vs. [Spring] 7.44 +2.09% 8.0l £2.1% 0.65+0.2F 0.74 £0.2% 47.38 £46.71 66.09 +46.08
[Winter] vs. [Spring] 10.57 £2.71% 10.42 £2.72% 0.63 +0.27* 0.59 +0.26* —74.72 +60.75 —79.05+59.53

Reg. coef. regression coefficient, HR heart rate, CO cardiac output, LV left ventricular

#p <0.05; tp <0.01; £p <0.001

temperature and ambient temperature increment was cor-
related with increased HR (p <0.001 and p <0.05, respec-
tively). In the contrary, hypertension with medication was
still negatively correlated with HR (p < 0.01), and aging was
also negatively correlated with HR (p <0.05).

Environmental and hot spring content assessment
(in Supplementary Information) showed that the study spot
provided good hot spring quality.

Discussion

This study evaluates cardiovascular effects of hot spring
bathing from general population in Northern Taiwan. The
hot spring bathing duration and research spot were similar

with actual hot spring facility usage habits for Taiwanese
population. In Table 2, Our study presents the hidden risk
during the bathing process. The most significant effect was
decrease in blood pressure during bathing for 2*20 min,
both systolic and diastolic blood pressure dropped for
around 10 mmHg. Kubota [23] and Ekmekcioglu et al. [3]
show short term effect of hot spring bathing on decrease of
blood pressure (Kubota et al., —11 mmHg after bathing in
42 °C for 10 min [23]), which reflected the physical effect
when human soaked into higher temperature of bathing
water than body temperature. Ono et al. reports that during
bathing, the decrease in SBP observed 4 min after the start
of the bathing (—26 + 7 mmHg at 39 °C for the older men,
and —8+9mmHg at 39°C for the younger men) [24].
Dizziness and syncope should always be minded during

SPRINGER NATURE
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Table 4-1 Linear regression model of vascular and blood oxygen effect after hot spring bathing rested for 2#20 min
c¢SBP (mmHg) cDBP (mmHg) SpO; (%)
Univariate Multivariate Univariate Multivariate Univariate Multivariate
(N=116) (N=116) (N=116) (N=116) (N=115) (N=115)

Reg. coef. = S.E.

Reg. coef. +S.E.

Reg. coef. +S.E.

Reg. coef. = S.E.

Reg. coef. = S.E.

Reg. coef. = S.E.

Interception - —7.11+4.57 -

Age 0.06 +0.07 0.05+0.08 0.06 +0.04
Gender [Male] 1.9+1.65 1.64+1.7 0.2+0.98
Hypertension with 0.81 £2.04 0.66 +2.13 0.58+1.21
Medication

Hot Spring Bathing Habit 0.14+1.73 —0.38+1.82 —0.18+1.03
Ear Temperature Change 0.1+2.21 —0.98+1.33
Ambient Temperature 0.04+0.15 0+0.09
Season [Summer] vs. —1.57+2.12 —1.94+2.17 —-0.12+1.27
[Spring]

[Autumn] vs. [Spring] —1.54x2.12 —-1.62+2.17 0.46+1.27
[Winter] vs. [Spring] —5.05+2.75 —4.67+2.8 —1.71£1.65

—4.78£2.73
0.06 +0.05
0.1+1.02
0.11+1.27

—0.57 +£1.08

—04+13

032+1.3
—1.53+£1.67

0.001 +0.51
—0.002£0.01
—0.13+0.18
—0.21+0.21

—0.09£0.18

0.19+0.24

0.26 £0.24
—0.27+0.29

0.998
0.796
0.459
0.339

0.611

0.425

0.271
0.359

¢SBP central systolic blood pressure, cDBP central diastolic blood pressure, SpO, peripheral oxygen saturation, Reg. coef. regression coefficient

*p <0.05; 7p<0.01; £p <0.001

Table 4-2 Linear regression model of cardiac effect effect after hot spring bathing rested for 2#20 min

HR (Beat/min) CO (L/min) LV dp/dt Max (mmHg/s)
Univariate Multivariate Univariate Multivariate Univariate Multivariate
(N=115) (N=115) (N=115) (N=115) (N=115) (N=115)

Reg. coef. + S.E.

Reg. coef. + S.E.

Reg. coef. + S.E.

Reg. coef. + S.E. Reg. coef. + S.E.  Reg. coef. + S.E.

Interception - 2.04+2.56 - —0.32+0.23 - —186.06 = 77.69*
Age —0.06 £0.05 —0.1£0.04* 0.002+0.004  —0.002+0 1.86+1.18 1.46£1.29
Gender [Male] 0.82+1.18 0.64£0.95 0.1+0.09 0.07 £0.08 18.28 £27.73 10.69 £28.51
Hypertension with —3.05+1.44* —3.15+1.197% —0.15+0.11 —0.17+0.11 8.94+34.01 —0.28 £35.49
Medication

Hot Spring 207+1.22 2.52+1.02% 0.26 +0.097 0.25+0.097 32.93+28.74 22.76 +30.36
Bathing Habit

Ear Temperature Change 5.4+1.45% 0.22+0.12 —17.36 £37.01

Ambient Temperature 0.25+0.1% 0.02+0.01 3.06 £2.47

Season [Summer] vs. 8.4+1.29% 9.05+1.22% 0.44£0.11% 0.46+0.11% —2.29+35.84 —9.62 +£36.54
[Spring]

[Autumn] vs. [Spring] 5.58 +1.29% 6.28 +1.21% 0.32+0.117 0.35+0.117 7.28 +35.84 3.26+£36.57
[Winter] vs. [Spring] 7.16 +1.67% 6.94+1.57% 0.32+0.14%* 0.32+0.14*%  —50.64 +46.08 —45.36 £46.63

HR heart rate, CO cardiac output, LV left ventricular
*p<0.05; tp<0.01; £p <0.001

bathing, and the blood pressure lowering effect may be
continued till after hot spring bathing and resting for
2*20 min. Hypertension patients with medication must be
suggested to have good medication compliance and follow
medical practitioner’s advice before enjoying hot spring
bathing. In the aspect of cardiac function, heart rate may be
increased up to 20%, and was still above baseline even after
2*20 min bathing and rested for 2*20 min (41.44 b.p.m.,
p <0.05). Kubota et al. demonstrate that the heart rate went
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back to baseline after 10-min bathing in 42 °C and rested for
around 10 min [23]. SAS et al. presents that the patients
with musculoskeletal disease who received 36 °C to 40 °C
bathing for 10 days (5 times/week, 20 min/day), the sig-
nificant increase of heart rate persisted in both Ist and 10th
sessions of balneotherapy even after 10 min resting [13].
Though hot-spring bathing for 2*20 min promotes meta-
bolism, the heart burden persisted even after resting or
several sessions of bathing should be considered. On
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vascular function, brachial artery distensibility may be
decreased during bathing, which indicates vascular stiffness
increased and elasticity decreased. Blood oxygen also
showed significant lower during and even maintained until
rested for 20 min. Thus, hot spring bathing has potential
risks of lowering blood pressure, increased heart rate,
increased vascular stiffness, and decreased blood oxygen
during bathing. The comprehensive quantitative analysis of
physiological changes and potential risks persisted even
after bathing (decreased blood pressure, increased heart rate,
and decreased blood oxygen) were less stated in previous
studies. In the contrary, potential vascular benefit with
brachial artery distensibility increased after bathing and
2*20min resting, which indicated the vascular elasticity
increased after hot spring bathing, just as prior study
reported by Sato et al. [25]. Decreased CO and cardiac
stress (LV dP/dt Max) after bathing and 2*20 min resting
were primarily stated in our study.

In our study, we had also tested for physiological
changes of cardiovascular system before, during and after
hot spring bathing delicately for five times in four seasons
(Tables 3-1, 3-2, 4-1, 4-2). Similar trends of functional
change in four seasons were presented, however, there were
still different effects between four seasons. In the aspect of
blood pressure and blood oxygen, there was 14.05 mmHg
dropped (—10.0%) in cSBP in winter compared to spring
after 2*20 min bathing according to multivariate linear
regression analysis (Tables 3-1). This may be related to
relatively higher baseline blood pressure for most popula-
tion in lower environmental temperature than other seasons
[26], therefore, the significant decrease of blood pressure in
winter should be kept in mind. Kanda et al. also presents
significant differences in systolic blood pressure were found
between winter and summer before bathing and after
bathing conditions [27]. Increased ear temperature may also
be a potential risk factor of decreased blood pressure after
2*20 min bathing in our study (Tables 3-1). Ono et al. also
demonstrate that in bathing, the rectal temperature gradually
increased from baseline with a significant difference. The
potential risk in increased central temperature (rectal tem-
perature) and the correlation with decreased blood pressure,
especially in elderly during bathing [24], worth further
investigations. Blood oxygen showed no significant change
after 2*20 min bathing in all seasons (Tables 3-1). After
bathing and 2*20 min resting, blood pressure and oxygen in
all seasons were no significant difference from baseline
(Tables 4-1).

Regarding cardiac function, Kanda et al. presents that no
significant differences in heart rate were found between
winter and summer at any stage of bathing. Significant
differences were found between before and during bathing
condition, and between the partially dressed condition and
after bathing condition [27]. We monitored CO and LV

dP/dt Max for extensive survey for cardiac physiological
change (Tables 3-2 and 4-2). In Tables 3-2, according to
multivariate linear regression analysis, there were 1.91,
1.54, 1.43 times CO significantly increased after 2*20 min
bathing in summer, autumn and winter, compared to spring.
In addition, there was 1.69 times LV dP/dt Max sig-
nificantly increased in summer than in spring. This indi-
cated increased cardiac stress in summer than other seasons,
especially after 2*20 min bathing. The cardiac function
measurement during hot spring bathing for 20 min (1 cycle)
was similar with other seasons, which suggests hot spring
bathing in summer should take in shorter duration.
Increasing ear and ambient temperature were both risks for
increasing cardiac output (CO) after 2*20 min bathing. This
may be related to excessive burden on body temperature
regulation while soaking in high-temperature hot spring for
longer duration in higher surrounding temperature. Ono
et al. also show that the older men showed smaller increases
in skin after 42 °C bathing and 7 min resting period than the
younger men. In addition to the increase in central tem-
peratures faster during bathing in the elderly [24], correla-
tions of ambient temperature and increasing CO may be
affected by the thinner skin in the elderly. In Tables 4-2,
after bathing and 2*20 min resting in our study, by the
interception, LV dP/dt Max significantly decreased
186.06 mmHg/s in spring and there was no significant dif-
ference in other seasons compared to spring, which may
indicate potential cardiac stress relieving benefit in all sea-
sons. This could be beneficial mechanism with hormesis
effect (an adaptive response of the organism to heat
[28, 29]) helping with heart failure patients. For example,
improvement in the New York Heart Association (NYHA)
class, 4.4% of left ventricular ejection fraction, reduction in
both SBP and DBP by 3.1% and 5.31%, decrease in car-
diothoracic ratio an average of 5.55% reduction, improve-
ment in oxidative stress markers (e.g., BNP, mean
difference of 14.8 pg/dL) [30, 31]. Tei et al. studied 34
patients with chronic CHF in NYHA functional class II-IV
by echo-Doppler and intracardiac pressures (recorded with
right jugular vein Swan-Ganz catheter), hemodynamics
improved after warm water or sauna bathing in patients with
chronic CHF. This attributed to the reduction in cardiac
preload and afterload [32]. Thus, relief of cardiac stress after
bathing demonstrated in our study could be reasonably
accomplished by this thermal vasodilation effect.

In the aspect of vascular function, pulse pressure
increased and brachial artery distensibility decreased sig-
nificantly in summer after 2*20 min bathing, which indicates
increased vascular stiffness during bathing for longer duration
in summer (Fig. 3). This also showed vascular health risk if
hot spring bathing for longer duration especially in summer.
Brachial artery distensibility significantly increased above the
average trend in autumn and winter bathing and 2*20 min
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resting, which indicated increased vascular elasticity after hot
spring bathing especially in autumn and winter. (Fig. 3) In
conclusion, this study presented CV effects of hot-spring
bathing, study significance would be summarized as follows.
Comparing the physiological changes in different seasons, the
drop of blood pressure was prominent in winter, while
increased cardiac workload and vascular stiffness was sig-
nificant during summer after 2*20 min bathing. Hot-spring
bathing could potentially be beneficial to lower cardiac wall
stress (presented as LV dP/dt Max in this study) and to
increase vascular elasticity especially after bathing and
2*20 min resting. This potentially provides a mechanistic basis
for the use of hot spring bathing in patients with CHF. Hot-
spring bathing tends to be a physical training process. In
addition to seasonal change, body temperature regulation,
ambient temperature, hypertension with medication, age and
genders may be essential factors for cardiovascular risk man-
agement during and after hot spring bathing.

Perspectives

Perspectives of this study indicate that people must be aware of
cardiovascular risks during summer and winter, particularly
when exposed to extremely cold or hot weather with marked
temperature changes. Populations at risk of cardiovascular or
chronic lung diseases, should take hot-spring bathing within 1
cycle (below 20 min), due to increased cardiac stress and
vascular stiffness were found during bathing for 2#*20 min in
this study, especially in summer. In winter, they should warm-
up themselves indoors prior to hot-spring bathing. Hot-spring
bathing CV effects for longer periods of time, in different
ethnicities, in different latitudes and different kinds of hot-
spring should be further studied. In addition, the hot-spring
compounds absorbed from skin may play some roles in CV
effects also worth further investigation. That is, overall CV
health benefits and risks from hot-spring and the mechanistic
basis would further consolidated.

Asian perspectives

The highest incidence of bathtub accidents is in Japan,
among 60 countries [6, 8]. That is, this is a public health
concern while hot-spring bathing is part of the culture in
Asian countries located on the west Circum-Pacific Belt.

Thermal effects on potential cardiovascular risks and
benefits after sauna and hot-spring bathing were similar
during and after bathing [3, 13, 23-25, 30-32]. Sauna
bathing with hot-water is more common in non-Asian
countries, while hot-spring bathing is more prominent in
Asian countries. Therefore, the long-term physiological
changes in different bathing habits and bathing water
mineral contents between sauna and hot-spring bathing also
worth further research.

SPRINGER NATURE

Limitations

Our study investigated seasonal differences of hot-spring
bathing on CV effects in middle-aged and older Taiwanese
people. However, some limitations apply. First, the
experimental design improved during the study process,
thus some data collection losses were seen in early study
stage. Second, technical error of DynaPulse and poor par-
ticipant compliance to study process also triggered data
collection losses. Third, due to limitations of study duration
and sample size, this study focused on short-term hot-spring
bathing CV effects during and after hot spring bathing in
2*20 min and failed to track long-term cumulative effects in
longer duration or more periods of time. Fourth, the study
protocol was restricted by COVID-19 pandemic since Jan-
uary 2020, thus we had lost the second study in winter.
Fifth, most importantly, different groups of participants
were recruited for each season, intra-individual difference
may be amplified. This was mainly due to participants
would fail to cooperate with us for long duration physio-
logical tracking, limited choice of the hot-spring tempera-
ture, and the research location was a holiday resort far from
downtown due to the research fund was limited. Further
studies on the same group of participants analyzed over
different seasons should be considered.
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