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Abstract To preliminarily assess the acute effects of a
single warm-water bath (WWB) on serum adipokine
activity, we measured serum adiponectin, leptin and other
metabolic profiles before, immediately after and 30 minutes
after WWB in seven healthy male volunteers (mean age,
39.7+6.0 years; mean body mass index, 21.6+1.8 kg/mz).
The subjects were immersed in tap water at 41°C for
10 minutes. Two weeks later, the same subjects underwent
a single WWB with a bath additive that included inorganic
salts and carbon dioxide (WWB with ISCO,) by the same
protocol as for the first WWB. Leptin levels significantly
increased immediately after WWB with tap water and
ISCO, (both P<0.05), and remained significantly higher
than those at baseline even 30 minutes after WWB with tap
water (P<0.05). Adiponectin levels showed a slight, but not
significant, increase both immediately after and 30 minutes
after WWB with tap water or ISCO,. Some parameters,
such as serum total cholesterol, red blood cell count,
hemoglobin and hematocrit significantly increased imme-
diately after WWB with tap water or ISCO, (all P<0.05),
but they all returned to the baseline levels 30 minutes after
bathing under both conditions. The sublingual temperature
rose significantly after 10 minutes of WWB with tap water
(0.96+0.16°C relative to baseline, P<0.01) and after the
same duration of WWB with ISCO, (1.24+0.34°C relative
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to baseline, P<0.01). These findings suggest that a single
WWB at 41°C for 10 minutes may modulate leptin and
adiponectin profiles in healthy men.

Keywords Adipokine - Bath - Balneotherapy - Heat shock -
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Introduction

Adiponectin and leptin are adipocyte-derived hormones that
provide an important link between obesity and inflamma-
tory disorders (Han et al. 2007; Kobayashi et al. 2004;
Lago et al. 2007; Otero et al. 2006; Peterlin 2009).
Adiponectin reduces both the production and the activity
of inflammatory cytokines and helps to protect against
obesity, vascular inflammation and the development of
atherosclerosis. The primary role of leptin is in energy
homeostasis, appetite suppression, and the modulation of
immune and inflammatory processes. Therefore, adiponec-
tin and leptin are considered to be "good" adipokines
(adipocyte-specific or enriched proteins) that seem to play
important regulatory roles in a variety of complex process-
es, including fat metabolism, feeding behavior, hemostasis,
vascular tone, energy balance, and insulin sensitivity
(Rondinone 2006). The relationships between serum adi-
pokines and lifestyle, such as physical exercise, dictary
habits, obesity and smoking, have been investigated, since
both obesity and inflammation are closely correlated with
the onset of various lifestyle-related diseases, such as type
II diabetes mellitus (DM), hyperlipidemia, hypertension,
cancer and other diseases (Varady et al. 2010; Vona-Davis
and Rose 2007; Yokoyama et al. 2004).

A recent study showed that heat shock directly affects
adiponectin and leptin gene expression and secretion in
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adipocytes in vitro (Bernabucci et al. 2009). Adiponectin
mRNA and secretion levels were both higher at 39°C than
at 37°C. Further, leptin mRNA and secretion levels in
adipocytes were higher at 41°C than at 37°C and 39°C.
However, to our knowledge, there have been no inves-
tigations of the acute effects of heat shock on the plasma
levels of adiponectin or leptin in vivo. In general, warm-
water bathing (WWB) in a bathtub or balneotherapy is a
popular custom that is associated with a good state of health
in Japan; Japanese people usually wash themselves outside
the bathtub by showering first, and then enter the bathtub
that is filled with hot water, usually between 40°C and 42°C
(Hayasaka et al. 2010; Nasermoaddeli and Kagamimori
2005), and 10 minutes of WWB at 41°C has been reported
to improve the hemodynamics in patients with chronic heart
failure (Tei et al. 1995). Recently, the role of a carbon
dioxide (CO,) bath or balneotherapy has received a great
deal of attention because of its possible effects on cardio-
vascular function and for the management of cardiovascular
diseases (Pagourelias et al. 2011; Sato et al. 2009; Yamamoto
and Hashimoto 2007).

Therefore, the primary objective of the present before—
after study was to evaluate whether a single 10-minute
WWRB at 41°C could modulate plasma levels of adiponectin
or leptin in a single group of healthy men. In this pilot
study, we also assessed the difference in leptin and
adiponectin responses to WWB under two conditions:
WWB using tap water (WWB with tap water) and WWB
using a bath additive that included inorganic salts and CO,
(WWB with ISCO,).

Methods
Subjects

Seven healthy male volunteers aged 32 to 50 years (39.7+
6.0 years, mean + SD) participated in this study. Inclusion
criteria were as follows: male; age 30-50 years; free of
cardiovascular disease; not taking medications or supple-
ments. Women were excluded to avoid the confounding
effects of the menstrual cycle on the measurements. Their
body mass indices (BMIs) ranged from 17.9 to 27.7 kg/m2
(21.6+1.8 kg/m*, mean + SD). The procedures complied
with the 1975 Declaration of Helsinki, as revised in 1983.
This study was approved by the Ethics Committee of
Kagoshima University Hospital and written informed
consent was obtained from all of the subjects.

Protocol

We performed this study from 9 a.m. to 10 a.m. from
November to December 2009. Bathing was performed
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after a 12 h overnight fast and the subjects drank only
300 ml of tap water at 7 a.m. on the day of the study.
None of the subjects bathed within 12 hours before the
study.

We performed WWB as described by Tei et al. (1995)
and Matsumoto et al. (2006). The room temperature was
maintained at 25+0.5°C. After 20 minutes of rest in the
supine position, we measured stable baseline values. Each
subject, who was wearing only underwear, reclined on a
stretcher at an angle of 36 degrees. A bathtub that could be
raised and lowered automatically (Elevale CEL-700;
SAKAI Medical Co., Ltd., Tokyo) was then raised, and
the subject was immersed up to the subclavicular level. The
subject rested for 10 minutes in a semirecumbent position
with the bath temperature regulated at 41°C. After the
completion of WWB, the bathtub was automatically
lowered and the subject was dried thoroughly with a towel.
The subject was then kept warm wrapped in blankets on a
stretcher for 30 minutes. First, we performed this protocol
using tap water (i.e. WWB with tap water). After a 2-week
interval, all of the subjects underwent the same protocol of
WWB but with ISCO,, which was made by dissolving a
bath additive, Kikiyu®-Magnesium and Carbon dioxide
(BATHCLIN Co., Ltd, Tokyo, Japan), in tap water warmed
to 41°C, 5 minutes before the start of bathing. CO, was
generated by dissolving 247.5 g of a bath additive
containing organic acid, sodium carbonate, sodium bicar-
bonate, magnesium sulfate, and sodium sulfate in 330 L of
tap water; the resulting concentration of CO, was 160—
180 ppm and that of inorganic salts was about 64 ppm. The
subjects were blinded to the product name and the
composition of the bath additive.

Blood sampling and biochemical measurements

Fasting venous blood (10 ml) was collected from the median
cubital vein of all subjects at 5 minutes before, immediately
after and 30 minutes after bathing. The blood samples were
distributed into individual tubes, and each sample was
subjected to centrifugation at 2000 G (3600 rpm) for 5 minutes.
Assays for total cholesterol, low-density lipoprotein (LDL)
cholesterol, high-density lipoprotein (HDL) cholesterol, tri-
glyceride and glucose were performed using enzymatic
methods, and insulin was measured with an electrochemilumi-
nescence immunoassay that is routinely used in clinical
laboratories at the university hospital. Samples for evaluating
hormones including adipokines were immediately frozen at
—30°C and stored until measurement. Assays for adiponectin,
leptin and free fatty acid (FFA) were performed in a commercial
laboratory (Clinical Pathology Laboratory Inc., Kagoshima,
Japan). Adiponectin was measured by the latex immunology
turbidimetric method, using a human adiponectin latex kit
(Mitsubishi Chemical Medience Corp., Tokyo), and the leptin



Int J Biometeorol (2012) 56:933-939

935

concentration was determined by radioimmunoassay (RIA),
using a human leptin RIA kit (Millipore Corp., Billerica, MA).
Full blood counts were also performed.

Measurement of sublingual temperature and hemodynamics

To monitor the physical changes during this protocol, the
body temperature and hemodynamics of the subject were
also measured three times (before, immediately after, and
30 minutes after each bath) for each subject.

Systolic blood pressure, diastolic blood pressure and
pulse rate were measured using a digital blood pressure
monitor (HEM-907, Omron, Tokyo, Japan) on the left arm
in the supine position. Cutaneous blood flow at the
forehead and breast were measured as peripheral blood
flow with a laser-Doppler flow meter using a type-C probe
(ALF21D; ADVANCE Co., Ltd., Tokyo). The sublingual
temperature was measured, as the deep body temperature,
with a digital electric thermometer (CTM-303; Terumo,
Tokyo) by placing a probe under the tongue.

Statistics

All values are given as the mean + standard deviation (SD).
The effects of “time” (i.e. before bath, immediately after
bath, and 30 minutes after bath) were determined using
repeated-measures analysis of variance (ANOVA) followed
by a post hoc test (Dunnett’s test) when the F value was
significant. The effects of “condition” (i.e., WWB with tap
water vs. WWB with ISCO,) were determined using two-
way ANOVA with repeated measures; independent varia-
bles were “condition”, dependent variables were “time”,
and covariates were baseline (before bath) values for each
measurement. P values <0.05 were considered to be
statistically significant.

Results

All seven subjects completed the WWB with tap water and
WWB with ISCO,. None of the subjects experienced
obvious side effects that were related to bathing in either
condition. Table 1 summarizes the changes in the laboratory
parameters in blood taken before, immediately after, and
30 minutes after WWB with tap water or WWB with
ISCO,. While there were no significant differences in the
adiponectin levels of the subjects during the study period,
the adiponectin level tended to increase immediately after
WWB under both conditions and this tendency persisted for
30 minutes after WWB. Among the seven subjects,
adiponectin levels were increased immediately after WWB
with ISCO, in six and at 30 minutes after WWB with
ISCO, in five, compared to those before WWB. Leptin

levels were significantly increased immediately after WWB
under both conditions (both P<0.05) and remained higher
than those at baseline 30 minutes after WWB with tap
water (P<0.05), but not with ISCO,. Two-way ANOVA
revealed no significant time and condition interaction for
both the adiponectin and leptin levels (Table 1).

Total cholesterol levels and LDL cholesterol and HDL
cholesterol levels were increased immediately after WWB
and returned to nearly the same levels as those at baseline
30 minutes after WWB (Table 1). There was no significant
time and condition interaction for these three cholesterol
levels (Table 1). Throughout the study period there were no
significant changes in triglyceride or FFA for WWB with
tap water (Table 1). However, for WWB with ISCO,,
significant increases in FFA and decreases in triglyceride
were observed immediately after WWB (P<0.05) and 30
minutes after WWB (P<0.05), respectively. There was a
significant time and condition interaction for the triglycer-
ide level (P<0.05), but not the FFA level (Table 1).

Fasting blood glucose levels for WWB with tap water
were not significantly different during the study period, but
fasting blood glucose levels for WWB with ISCO, were
significantly increased 30 minutes after WWB (P<0.05)
(Table 1). While the insulin level showed no significant
changes for WWB with tap water, the insulin level
significantly increased immediately after WWB with ISCO,
(P<0.01) and then returned to nearly the same level as that
at baseline. There was no significant time and condition
interaction for either fasting blood glucose or insulin levels
(Table 1).

According to the results of the hemogram, similar
tendencies were observed under both conditions of WWB
(Table 1). The red blood cell count, hemoglobin and
hematocrit were significantly increased immediately after
WWB (all P<0.01), and returned to nearly the same level
as those at baseline 30 minutes after WWB. On the other
hand, the leukocyte count increased immediately after
WWB and remained higher than that at baseline 30 minutes
after WWB under both conditions (with ISCO,, P<0.01;
with tap water, P<0.05). There were no significant differ-
ences in the platelet count during the study period in both
conditions. In addition, there was no significant time and
condition interaction for all measurements in the hemogram
(Table 1).

Table 2 shows a summary of the physiological measure-
ments taken before, immediately after, and 30 minutes after
warm-water bathing using tap water or with ISCO,. Deep
body temperature, as reflected by sublingual temperature,
rose significantly after 10 minutes of WWB with tap water
(0.96+0.16°C relative to baseline, P<0.01) and after the
same duration of WWB with ISCO, (1.2440.34°C relative
to baseline, P<0.01). Under both conditions, the significant
elevation of temperature from baseline persisted even 30
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Table 1 Changes in laboratory parameters following a single warm-water bath

Measurement Condition Warm-water bath P values (ANOVA)
Before Immediately after 30 min after Time Time x Condition

Adiponectin (pg/ml) ISCO2 5.814+2.34 6.03+£2.53 6.15£2.63 0.385 0.986
Tap water 5.92+£2.96 6.19+2.89 6.28+3.33 0.744

Leptin (ng/ml) ISCO2 2.94+1.26 3.44+1.69% 3.04+1.64 0.049 0.099
Tap water 2.44+0.98 2.66+1.14* 2.61+1.04* 0.039

Glucose (mg/dl) ISCO2 95.4+7.1 94.9+7.2 98+7.2%* 0.001 0.952
Tap water 93.6+4.9 94.4+5.7 96.1+6.3 0.210

Insulin (nU/ml) ISCO2 4.69+1.12 5.9+1.32%* 4.76+1.39 0.016 0.300
Tap water 3.66+1.26 4.54+1.32 3.89+1.28 0.825

T-Chol (mg/dl) ISCO2 169+32 172+32%* 168+33 0.006 0.520
Tap water 165+34 169+33%* 165+32 0.008

LDL-C (mg/dl) ISCO2 103+30 106+£29%* 104+33 0.003 0.886
Tap water 103+34 106+33 104+33 0.277

HDL-C (mg/dl) ISCO2 56.1+7.4 58.1+7.8%* 57.1+7.5 0.001 0.448
Tap water 55.4+£5.5 56.7+5.8 55.6£5.2 0.092

Triglyceride (mg/dl) ISCO2 75.1+28.8 74.7£27.8 68.6+25.0%** 0.007 0.035
Tap water 68.6+12.7 70.1£12.2 67.4+£11.6 0.103

FFA (mEq/l) ISCO2 0.61+0.24 0.89+0.418* 0.80+0.398 0.049 0.104
Tap water 0.58+0.13 0.62+0.16 0.67+0.25 0.667

RBC (x10% ISCO2 443+37 456+£41%* 446+42 0.001 0.435
Tap water 442+37 451 +£35%* 441+34 0.005

Hb (g/dl) ISCO2 14.1+1.1 14.4+£1.1%* 14.1£1.2 0.002 0.661
Tap water 14.1+0.9 14.4+0.8%* 14.0+0.8 0.001

Ht (%) ISCO2 39.9+£2.9 41.0+£3.2%* 40.1£3.2 0.001 0.780
Tap water 39.6+2.8 40.5+2.5%* 39.7+2.4 0.004

WBC ISCO2 4000+900 4400+1000** 4300+980** 0.002 0.910
Tap water 3900+560 4300+£690* 4300+660* 0.046

Plt (< 10%) ISCO2 22.1+4.4 22.7+4.7 22.6+4.9 0.542 1.00
Tap water 21.3+43 21.843.8 21.1+4.1 0.542

ISCO?2 bath additive that contained inorganic salts and carbon dioxide, 7-Chol total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-
C high-density lipoprotein cholesterol, FFA free fatty acid, RBC red blood cell count, Hb hemoglobin, Ht hematocrit, WBC white blood cell count,

Plt platelet count

Values are the mean + standard deviation (SD). All data were obtained from fasting venous blood. The asterisks denote significant differences
compared with baseline (i.e., before bath) (*P<0.05, **P<0.01; Dunnett's test followed by repeated-measures ANOVA)

minutes after WWB [WWB with tap water, +0.34+0.16°C,
(P<0.01); WWB with ISCO,, +0.59+0.23°C (P<0.01)].
The mean changes in temperature from baseline were
greater after WWB with ISCO, than after WWB with tap
water, but there was no significant time and condition
interaction. The pulse rate immediately after WWB was
significantly greater than that at baseline under both
conditions (with ISCO,, P<0.01; with tap water, P<0.05).
Although the pulse rate decreased 30 minutes after WWB,
it still remained higher than that at baseline, especially after
WWB with ISCO, (P<0.01). Systolic blood pressure
showed no significant change after WWB under either
condition. However, diastolic pressure was significantly
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reduced immediately after WWB with ISCO, and then
decreased further 30 minutes after WWB (both P<0.01),
but there were no significant changes throughout the study
period under WWB with tap water. Cutaneous blood flow
at the forehead was significantly increased immediately
after WWB with ISCO, (P<0.01) and returned to nearly
the same level as that at baseline 30 minutes after WWB
(Table 2), while there was no significant change throughout
the study period under WWB with tap water (Table 2).
Cutaneous blood flow at the breast was significantly
increased immediately after WWB in both conditions (both
P<0.01), and tended to remain greater than the respective
values at baseline 30 minutes after WWB, but not
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Table 2 Changes in physiological measurements following a single warm-water bath
Measurement Condition Warm-water bath P value (ANOVA)
Before Immediately after 30 min after Time Time x Condition

Deep body temperature (°C) 1SCO2 36.0+£0.4 37.2+£0.4%%* 36.6+£0.2%* 0.000 0.284

Tap water 36.3+0.4 37.3£0.3%* 36.6+0.3%* 0.000
Systolic blood pressure (mmHg) ISCO2 11614 116+9 112+9 0.418 0.758

Tap water 118+11 118+15 11617 0.773
Diastolic blood pressure (mmHg) ISCO2 68+9 59+7** 61+7** 0.006 0.717

Tap water 73+10 62+7 67+11 0.102
Pulse (beats/min) ISCO2 61=£11 T6+14%* 67+£14%* 0.000 0.235

Tap water 67+12 76+13* 71+£13 0.046
Cutaneous blood flow
At forehead (ml/min/100 g) ISCO2 10.2+4.4 16.1+6.9%* 10.3+4.4 0.002 0.688

Tap water 9.4+£33 14.1+7.5 10.5+4.6 0.078
At breast (ml/min/100 g) ISCO2 45+1.9 13.6+5.9%* 5.4+2.8 0.000 0.709

Tap water 4.7+1.9 14.2+£8.8%* 8.1+2.7 0.028

ISCO? artificial bath additive that included inorganic salts and carbon dioxide

Values are mean =+ standard deviation (SD). The asterisks denote significant differences compared with baseline (i.e., before bath) (*P<0.05, **P<0.01;

Dunnett's test followed by repeated-measures ANOVA)

significantly. There was no significant time and condition
interaction for any of the physiological measurements
(Table 2).

Discussion

In the present pilot study in healthy men, serum levels of
leptin were significantly increased immediately after a
single 10-minute WWB at 41°C with tap water or ISCO,
and remained significantly higher than those at baseline
even 30 minutes after WWB with tap water. Serum levels
of adiponectin showed a slight, but not significant, increase
immediately and 30 minutes after a single WWB under
both conditions. Some parameters, such as serum total
cholesterol, red blood cell count, hemoglobin and hemato-
crit, significantly increased immediately after WWB with
tap water or ISCO,, but returned to the respective control
levels 30 minutes after bathing under both conditions.
Therefore, these results suggest that even a single WWB, i.e.,
head-out immersion in 41°C water for 10 minutes, may
modulate the adipokine profile regardless of hemoconcentra-
tion (dehydration) after the hyperthermic action.

The present study does not clarify whether the extent
(amount and duration) of the increase in adipokines
observed after WWB is clinically beneficial. Hooper
(1999) reported that 3 weeks of therapy using a hot tub
for 30 minutes a day significantly decreased fasting plasma
glucose and glycosylated hemoglobin levels in patients
with type II DM. Biro et al. (2003) applied sauna therapy, a

type of thermal therapy, to lifestyle-related diseases and
found that repeated sauna therapy improves vascular
endothelial function and reduces body weight. The plasma
level of adiponectin is inversely related to the body mass
index (BMI) and to measures of insulin resistance (Weyer
et al. 2001), and decreased serum adiponectin is an
independent risk factor for progression to type II DM
(Daimon et al. 2003). Further, leptin regulates energy
metabolism and balance. Therefore, an increase in leptin
or adiponectin after WWB may improve glucose or lipid
homeostasis in type II DM or other lifestyle-related
diseases.

Recently, Fioravanti et al. (2011) assessed the plasma
levels of leptin and adiponectin in patients with knee
osteoarthritis treated by 2 weeks of spa therapy, which
combined the application of mud-packs to both knees for
20 minutes at an initial temperature of 45°C with a
bicarbonate—sulfate mineral water bath at 38°C for 15
minutes, once a day for 6 days a week for 2 weeks. Their
data showed a slight, but not significant, increase in plasma
leptin concentrations and a significant decrease in serum
adiponectin levels at the end of the mud-bath therapy cycle.
The increase they observed in the leptin level, but not the
change in the adiponectin level, might be consistent with
the results in the present acute evaluation after WWB. The
difference might be due to the difference in subjects: we
included only relatively younger, lean and male subjects
without apparent OA in the present study. In addition, the
difference could be due to a difference in modalities or
agents, such as the dose (duration) of thermal stimulation
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and the substances used in the mineral water. On the other
hand, after lean, healthy male volunteers were exposed to
cold, plasma adiponectin levels were acutely and signifi-
cantly decreased, with no specific changes in leptin levels
(Iwen et al. 2011). In that study, norepinephrine plasma
levels increased after cold exposure. Thus, while a change
in temperature might influence adipokine profiles, it might
be important to avoid stimulating the sympathetic nervous
system during thermal stimulation.

According to a proposal by Gutenbrunner et al. (2010),
hydrotherapy refers to WWB with tap water, as in the
present study: core element, use of plain water; modality,
head-out immersion; agent, thermotherapy. In contrast,
WWB with ISCO, is a type of “Balneotherapy”: core
element, use of water that contains inorganic salts and CO,;
modality, bathing (head-out immersion); agents, inorganic
salts and CO,, and thermotherapy. In general, Balneother-
apy requires specific geological, geographic and meteoro-
logical preconditions, and regional conditions strongly
influence the use of these treatments (Gutenbrunner et al.
2010). Accordingly, in this study, we used an artificial bath
additive, rather than natural mineral water, to create a
representative form of “Balneotherapy”. The composition
of the bath additive was also based on the following
considerations: CO, bath has been reported to induce
peripheral vasodilation, increase peripheral blood flow and
activate parasympathetic nerve activity; and magnesium
and sodium ions are found in most spa/hot springs for the
application of Balneotherapy or Spa therapy, and have also
been reported to help the body retain heat after bathing
(Gutenbrunner et al. 2010; Hashimoto and Yamamoto
2004; Ito et al. 1982; Nasermoaddeli and Kagamimori
2005; Pagourelias et al. 2011; Sato et al. 2009). In the
current study, while no significant differences were ob-
served in the changes in adipokine levels between WWB
with tap water and WWB with ISCO,, differences were
found in the changes in triglyceride and FFA levels, and in
other parameters, such as sugar metabolism and cutaneous
blood flow. This difference may be due to a difference in
the increase in deep body temperature and/or the direct
effect of the bath additive that included inorganic salts and
CO,. In fact, CO, bathing has been reported to have
beneficial effects on peripheral vascular occlusive diseases
(Pagourelias et al. 2011).

This study has some limitations. First, since it is only a
pilot study, it has a small sample size. Second, we used
WWB, and it is not clear whether the changes in serum
adipokine levels were caused by heat shock alone or heat
shock in combination with hydrostatic pressure (Tei et al.
1995). Further, it is still unknown whether WWB would
have similar effects in patients with lifestyle-related
diseases, since all of the subjects in the present study were
healthy men. Therefore, the optimal dose (repeating) and
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long-term effects of WWB remain to be determined for
adipokine profiles that are beneficial for preventing or
controlling lifestyle-related diseases.

In conclusion, in our group of healthy men, a single
warm-water bath was shown to have the potential to
increase serum adiponectin and leptin levels. Further
evaluations with larger and longer-term randomized
double-blind placebo-controlled trials based on the present
study are needed.
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