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Effects of hot spring bathing on cardiac and vascular function
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Hot spring bathing has been a global practice dating back to
ancient times as a means of preventing various diseases and
promoting health. Despite the widely discussed psycholo-
gical benefits associated with hot spring bathing, it has not
remained easy to prove the physical benefits scientifically.
Nonetheless, recent studies on the effects of hot spring
bathing on cardiovascular function have been reported,
particularly changes in heart rate (HR), cardiac output (CO),
and blood pressure (BP) before and after hot spring bathing.
Not only healthy individuals but also patients with hyper-
tension after bathing have reported increase in the level of
HR or CO and decrease in the level of systolic or diastolic
BP compared with before bathing [1–3]. These findings are
also supported by the study conducted by Wang et al. [4].

These observed effects can be explained from two per-
spectives: hydrostatic pressure and vasodilation. Hydro-
static pressure resulting from submerging the water impacts
circulatory dynamics as the arteries and veins are externally
compressed by the hydrostatic pressure of the water,
depending on depth. When entering the water up the chest
level, the hydrostatic pressure of the blood vessels is opti-
mally balanced by the hydrostatic pressure of the outside
water, resulting in the same hemodynamic state as in the
spinal position. As a result, venous return increases during
bathing, leading to elevated HR and CO compared with
levels before bathing. These effects persist for a while, even
after bathing. Furthermore, the relationship between HR,
CO, and BP can be explained by the definition of CO as a
function of HR and stroke volume (SV), and BP is defined
by CO and peripheral vascular resistance (PVR) (Fig. 1).

Vasodilation involves various factors such as thermal
effects, nitric oxide (NO), the autonomic nervous system,
and natriuretic peptides, all of which are known to decrease
BP [5, 6]. Bathing in a hot spring leads to an increase in HR
and CO, while the vasodilating effect of heat from the
springs causes a decrease in PVR that surpasses the effect of
the HR and CO increase, resulting in a decrease in BP.
Moreover, elevated HR after bathing increases CO, leading
to an increased blood flow and induction of shear stress on
the vascular endothelium. This, in turn, stimulates NO
production via the endothelial NO synthase, activated by
shear stress, using the amino acid L-arginine as a substrate.
Furthermore, NO activates guanylate cyclase, an enzyme
that generates cyclic guanosine monophosphate (cGMP)
from guanosine triphosphate in the vascular smooth muscle.
The resulting cGMP acts on the vascular smooth muscle to
dilate blood vessels, thereby decreasing PVR and finally
causing a decrease in BP.

At a water temperature of approximately 40 °C, the
baroreceptor responds to the heat-induced increase in CO
and activates the parasympathetic nervous system, leading
to vasodilation. This results in a decrease in BP. Con-
versely, bathing in hot water exceeding 42 °C activates the
sympathetic nervous system, causing vasoconstriction,
which results in an increase in both BP and HR, which is
the opposite of previous results [7]. The study by Wang
et al. was conducted at a water temperature of 38–40 °C [4].

It is known that when bathing, the heart can be over-
loaded with hydrostatic pressure and increased CO, leading
to the production of atrial natriuretic peptide (ANP) from
the atria, and the brain natriuretic peptide (BNP) from the
ventricles. ANP has been used as a therapeutic agent for
patients with heart failure in Japan [8]. BNP is also widely
applied in diagnosing and evaluating heart failure diseases
and their severity, and it serves as a prognostic factor [9].
The natriuretic and vasodilating properties of ANP and
BNP reduce circulating blood volume, resulting in
decreased BP.
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Thus, it is evident that the impact of hot spring bathing
on BP is composed of various factors. Since the effects of
hot baths can vary depending on the disease, it is important
to provide guidance based on thorough comprehension of
the physical effects of hot spring bathing to ensure the safe
enjoyment of the individuals.
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Fig. 1 Correlation between hot spring bathing and BP decrease. CO
cardiac output, HR heart rate, SV stroke volume, PVR peripheral
vascular resistance, BP blood pressure, eNOS endothelial nitric oxide
synthase, NO nitric oxide, GTP guanosine triphosphate, cGMP cyclic
guanosine monophosphate, ANP atrial natriuretic peptide, BNP cere-
bral natriuretic peptide, PNS parasympathetic nervous system
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