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Change in salivary physiological stress markers by spa bathing
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ABSTRACT

We assessed the stress relief effect of spa bathing by measuring sensitive salivary stress markers,
cortisol and chromogranin A (CgA). From 12 healthy males, saliva samples were collected imme-
diately before and after spa bathing, and 30 min after that. Salivary cortisol and CgA levels were
determined by ELISA. Salivary cortisol levels decreased after spa bathing. This tendency was
more pronounced in individuals with higher levels of stress. The high-stress group showed lower
salivary CgA levels after spa bathing, while the low-stress group higher salivary CgA levels in the
same condition. These findings suggest that the spa bathing has a moderate affect on the stress re-

lief.

Subjectively, spa bathing seems to relieve stress.
Bathers usually experience a sense of well-being
and relaxation during spa bathing. The stress-reliev-
ing effects of spa bathing, however, have not yet
been scientifically established and are still anecdot-
al. Many studies on the physiological effects of sau-
na bathing have been conducted. Reports show that
the secretion of anterior pituitary hormones, growth
hormone and prolactin, increases during sauna bath-
ing (5, 8-11). Effects on the sympathetic-adreno-
medullary system have also been established. While
noradrenaline concentrations increase after sauna
bathing (3, 5, 6, 8, 9), adrenaline levels change less
consistently (8, 9). Meanwhile, results showing the
effects of sauna bathing on the pituitary-adrenocorti-
cal axis (secretion of ACTH and cortisol) have also
been inconsistent (4, 5, 8, 9, 11).

To the knowledge of the authors, there have been
few similar studies on the effects of spa bathing.
Therefore, in the present study we set out to investi-
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gate the stress relief effects of spa bathing by mea-
suring cortisol and CgA (chromogranin A), sensitive
salivary stress markers, in samples taken before and
after spa bathing. CgA is an acidic glycoprotein that
localizes in the secretory granules of a wide variety
of endocrine and neuronal tissues (15, 16, 18). In
particular, the level of salivary CgA provides a sen-
sitive and reliable index for evaluating psychologi-
cal stress (13). It is believed that salivary cortisol
levels accurately reflect the free fraction of cortisol
in plasma (7).

MATERIALS AND METHODS

We recruited 12 healthy male students at Osaka
University to take part in the study. None were re-
ceiving any medication. Their characteristics are
shown in Table 1.

They casually bathed in a local spa for 60 min.
The average temperature of the spa water was 42.0
°C and the mineral composition of the spa water is
sodium and chloride. Saliva samples were collected
immediately before (16 :30) and after spa bathing
(17 : 30), and 30 min later (18 : 00) using Salivette®
(Sarstedt Co. Ltd., Niimbrecht, Germany). This
method involves extracting saliva samples by centri-
fuging (at 3,000 rpm for 15 min) the cotton wads
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Table 1 Subject characteristics (n = 12)
Values (mean + SD)
Age (yrs) Height (cm) Body weight (kg) GHQ-28 Zung-SDS
223425 172.7+6.0 66.6 +7.4 50+£29 359+6.2
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Fig.1 Mean values (+ SE) normalized as percentage of Fig.2 Mean values (+ SE) normalized as percentage of

baseline (before spa bathing) for (a) salivary cortisol and (b)
CgA (chromogranin A) levels in samples taken during the
spa protocol (@) and in control samples (O). *Significantly
different from “before spa bathing”, p <0.05 (repeated mea-
sures ANOVA and Dunett’s test).

that the subjects held in their mouths (for 2 min) at
the time of sampling. For control, saliva samples
were collected at the same times on another day. On
both days, subjects were requested to refrain from
eating and drinking from 2 h before the sampling
began at 16 : 30 to the taking of the final sample at
18 : 00 (17). The samples were stored at —80°C un-
til the assay. The salivary cortisol and CgA levels
were determined by ELISA, using a previously de-
scribed method (12, 14).

Before the experiment, mental health status was
evaluated using GHQ-28 (2) and Zung-SDS (1, 19).
In addition, subjective stress immediately before and
after spa bathing was measured using a ten-division
visual analog scale.

Values were normalized as percentages of the

baseline (before spa bathing) for (a) salivary cortisol and (b)
CgA (chromogranin A) levels in high-stress group (A : n=5)
and in low-stress group (M:n=7) samples taken during
the spa-bathing protocol. *Significantly different from “before
spa bathing”, p < 0.05 (repeated measures ANOVA and Du-
nett’s test).

baseline (before spa bathing). ANOVA with repeated
measures was performed to examine time-related
differences. Dunett’s test was used for multiple
comparisons. Values were considered to be signifi-
cantly different when p <0.05.

RESULTS

For samples taken after spa bathing, there was a
significant decrease in the levels of cortisol (Fig. 1a).
Meanwhile, there was a significant increase in the
levels of CgA after spa bathing (Fig. 1b). For sam-
ples taken during the control period, there was no
significant change in the levels of cortisol or CgA.
Then we categorized the subjects into two groups
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according to mental health status: high-stress
(GHQ-28 =8 and/or Zung-SDS =42), and low-
stress (GHQ-28 =7 and Zung-SDS =41) groups.
When comparing results for samples taken from
these two groups during the spa-bathing protocol,
we found that the low-stress group showed signi-
ficantly increased CgA levels after spa bathing
(Fig. 2b). In the high-stress group, however, there
was no such change. Moreover, the high-stress
group had relatively greater reductions in salivary
cortisol levels than the low-stress group (Fig. 2a).

Subjective perception of stress, evaluated using a
visual analog scale, decreased significantly after spa
bathing (Fig. 3).

DISCUSSION

The salivary cortisol levels showed a significant de-
crease after spa bathing (Fig. 1a). This finding sug-
gests that spa bathing does relieve stress. The lower
self-reported stress, significantly down after spa
bathing (Fig. 3), also supports this finding. More-
over, the high-stress group had relatively greater re-
ductions in salivary cortisol levels than the low-
stress group (Fig. 2a).

CgA is known to be co-released with catechol-
amines during exocytosis (15, 16). Previous studies
have reported significantly increased catecholamine
levels, particularly noradrenaline, in association with
sauna bathing (3, 5, 6, 8, 9). This increase could be
caused by increased sympathetic activity in response
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Fig. 3 Change in subjective stress (mean values = SE) af-
ter spa bathing (n=12). **Wilcoxon matched-pairs signed-
ranks test: Z=-2.70, p<0.01.
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to thermal stress. In the present study, the salivary
CgA levels in the low-stress group showed the same
tendency (Fig. 2b). In the high-stress group, by con-
trast, salivary CgA levels after spa bathing showed a
tendency to decrease. These findings suggest the
presence of a mechanism that attenuates excessive
stress. Under normal conditions, spa bathing in-
creases sympathetic activity because the temperature
of the water constitutes moderate stress conditions.
Under high-stress conditions, however, sympathetic
activity reaches its limits with the addition of ther-
mal stress. Consequently, a mechanism may inter-
vene to restrain enhanced sympathetic activity under
certain stress conditions. The more pronounced de-
crease in the salivary cortisol levels of the high-
stress group supports this hypothesis.

The present findings suggest that spa bathing can
have a moderate effect on stress for mildly stressed
persons, through increased sympathetic activity, or
for more highly stressed persons, through some hy-
pothetical endogenous mechanism. This suggests
that spa bathing could play a useful role in medical
therapy. The present study was conducted in a local
spa. Because the waters of different spas vary in
temperature and mineral content, to establish wheth-
er spas generally have the same effect on stress, we
are planning further studies on various spas and
populations.
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