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RESULTS

The far infrared sauna did lower both systolic and diastolic blood
pressure. The diastolic blood pressure in the far infrared group was
statistically significant with a p value of .001. In the far infrared group
the systolic blood pressure decreased from an average of 130.5 before

the study to 124 at the completion of the study.

REPEATED THERMAL THERAPY IMPROVES IMPAIRED VASCULAR
ENDOTHELIAL FUNCTION IN PATIENTS WITH CORONARY RISK FACTORS
Takasaki, Yutaka Otsuiji, Shinichi Minagoe, Yoshifumi Toyama and
Chuwa Tei Masakazu Imamura, Sadatoshi Biro, Takashi Kihara, Shiro

Yoshifuku, Kunitsugu

CONCLUSION
Repeated sauna treatment improves impaired vascular endothelial

function in the setting of coronary risk factors, suggesting a therapeutic

role for sauna treatment in patients with risk factors for atherosclerosis.
(J Am Coll Cardiol 2001;38:1083- 8) © 2001 by the American
College of Cardiology
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Purpose
Evaluate the effects of far infrared sauna therapy on blood pressure. Change in blood pressure will be the

primary outcome measure.

Materials and Methods
eSubjects were randomly assigned to receive sauna sessions in either the far infrared sauna or a control sauna
that will emit heat, however not far infrared heat. The saunas looked idenfical. The subjects had a 30-minute
sauna session 3 days a week for 6 weeks at Sunlight Saunas Corporate Headquarters in Lenexa, Kansas. Study
conducted June and July 2005.

*Subjects: Included generally healthy subjects between the ages of 21-65 years.

e Exclusion criteria were as follows:
Anyone on nitrates or prior heart attack or coronary artery disease
Pregnancy (urine pregnancy test will be performed on any woman with child-bearing potential)
Lupus
MS
Hemophilia
Sickle cell disease
Weight > 220 pounds
Breast Implants
Changes in medication in the last month or during our study
Already using saunas

* A power analysis was performed to determine the number of subjects necessary to detect a statistically
significant change in the primary outcome measure, mean blood pressure; alpha = 0.05 power=0.80.
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*Descriptive statistics were used to summarize study measures. Student’s tests were used to compare the

groups with regard to mean change in BP, pulse, weight, waist circumference, total cholesterol, LDL and
urinary concentrations of mercury.

* At all sauna sessions a registered nurse measured and record the subject’s blood pressure, pulse, weight, and
waist circumference. The subject rated their pain on a standard pain scale. At the first and last sauna session

the nurse drew blood for a fasting lipid profile. Also the subjects will provided a 12-hour urine collection at the
first and last visit for analysis of mercury, lead, and cadmium.

Results

*Blood pressure: The far infrared sauna did lower both systolic and diastolic blood pressure. The diastolic blood
pressure in the far infrared group was statistically significant with a p value of .001. In the far infrared group

the systolic blood pressure decreased from an average of 130.5 before the study to 124 at the completion of
the study.
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Endothelial Function

Repeated Thermal Therapy Improves

Impaired Vascular Endothelial Function
in Patients With Coronary Risk Factors

Masakazu Imamura, MD,* Sadatoshi Biro, MD,* Takashi Kihara, MD,* Shiro Yoshifuku, MD,*
Kunitsugu Takasaki, MD,* Yutaka Otsuji, MD, FACC,* Shinichi Minagoe, MD,* Yoshifumi Toyama, MD¥
Chuwa Tei, MD, FACC*

Kagoshima, Japan

OBJECTIVES We sought to determine whether sauna therapy, a thermal vasodilation therapy, improves
endothelial function in patients with coronary risk factors such as hypercholesterolemia,
hypertension, diabetes mellitus and smoking.

Exposure to heat is widely used as a traditional therapy in many different cultures. We have

recently found that repeated sauna therapy improves endothelial and cardiac function in

patients with chronic heart failure.

Twenty-five men with at least one coronary risk factor (risk group: 38 = 7 years) and 10

healthy men without coronary risk factors (control group: 35 = 8 years) were enrolled.

Patients in the risk group were treated with a 60°C far infrared-ray dry sauna bath for 15 min

and then kept in a bed covered with blankets for 30 min once a day for two weeks. To assess

endothelial function, brachial artery diameter was measured at rest, during reactive hyperemia

(flow-mediated endothelium-dependent dilation [%FMD]), again at rest and after sublingual

nitroglycerin administration (endothelium-independent vasodilation [%WNTG]) using high-

resolution ultrasound.

The %FMD was significantly impaired in the risk group compared with the control group

(4.0 = 1.7% vs. 8.2 = 2.7%, p < 0.0001), while %NTG was similar (18.7 = 4.2% vs. 20.4 =

5.1%). Two weeks of sauna therapy significantly improved %FMD in the risk group (4.0 *

1.7% to 5.8 = 1.3%, p < 0.001). In contrast, WN'TG did not change after two weeks of sauna

therapy (18.7 * 4.2% to 18.1 * 4.1%).

CONCLUSIONS Repeated sauna treatment improves impaired vascular endothelial function in the setting of
coronary risk factors, suggesting a therapeutic role for sauna treatment in patients with risk
factors for atherosclerosis. (J Am Coll Cardiol 2001;38:1083-8) © 2001 by the American
College of Cardiology

BACKGROUND

METHODS

RESULTS

Endothelial dysfunction is observed in patients with con-
ventional coronary risk factors such as hyperlipidemia (1),
hypertension (2), diabetes mellitus (3) and cigarette smok-
ing (4—6). Endothelial dysfunction is believed to represent
an early stage of atherosclerosis. It has been reported that
chronic inhibition of nitric oxide (NO) production acceler-
ates neointima formation and impairs endothelial function
in hypercholesterolemic rabbits (7). Endothelial function of
the brachial artery has been shown to be related to the
intima-media thickness of the carotid artery (8). Further-
more, coronary endothelial dysfunction is associated with
increased cardiac events and poor prognosis (9,10). Modi-
fication of coronary risk factors through the use of
cholesterol-lowering therapy (11-17), antihypertensive
therapy (18-21), antioxidant therapy (22-25), L-arginine
supplementation (26—29) and estrogen replacement therapy
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goshima University, Sakuragaoka, Kagoshima, Japan; and the tNanpuh Hospital,
Kagoshima, Japan. Supported, in part, by the Scientific Research Grant from the
Ministry of Education, Science and Culture of Japan.
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in postmenopausal women (30,31) improves impaired en-
dothelial function in the coronary or brachial arteries.

Exposure to heat is widely used as a traditional therapy in
many cultures. However, its precise mechanisms remain
unclear. We have previously reported that repeated use of a
sauna at 60°C improves hemodynamics and clinical symp-
toms in patients with chronic heart failure (32,33). In
addition, we have recently found that repeated sauna ther-
apy improves endothelial function and decreases plasma
brain natriuretic peptide concentrations in patients with
chronic heart failure (34).

Therefore, we hypothesized that repeated sauna therapy
can improve impaired endothelial function in the setting of
conventional coronary risk factors. The purpose of this study
was to determine whether repeated sauna therapy improves
impaired endothelial function in patients with coronary risk
factors.

METHODS

Study population. The study population was comprised of
25 men with at least one coronary risk factor (risk group,
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Abbreviations and Acronyms

BP = blood pressure

eNOS endothelial isoform of nitric oxide synthase
NO nitric oxide

NTG = nitroglycerin

TBARS = thiobarbituric acid reactive substances
%FMD = percent flow-mediated dilation

WNTG

= percent nitroglycerin-induced dilation

mean age: 38 = 7 years, range: 25 to 51 years) and 10
healthy men without coronary risk factors (control group,
mean age: 35 = 8 years, range: 21 to 47 years). None of the
patients had coronary artery disease or was taking medica-
tions. Written informed consent was obtained from all of
the individuals, and the protocol was approved by the Ethics
Committee of the Faculty of Medicine, Kagoshima Univer-
sity.

Laboratory examination. Fasting blood was obtained in
the morning before and after two weeks of sauna therapy for
the measurement of biochemical parameters. Plasma con-
centrations of thiobarbituric acid reactive substances
(TBARS) were measured using the thiobarbituric acid
reaction method.

Definition of conventional coronary risk factors. Hyper-
tension was defined as a supine systolic blood pressure (BP)
=140 mm Hg or a diastolic BP =90 mm Hg measured by
a mercury sphygmomanometer after 15 min of rest on two
separate occasions. Hypercholesterolemia was defined as a
fasting blood total cholesterol =220 mg/dl. Diabetes mel-
litus was defined as a fasting plasma glucose concentration
=126 mg/dl. Obesity was defined as a body mass index
=26.4. Smokers were defined as individuals who smoked
=20 cigarettes per day at the time of the study.

Sauna therapy. A far infrared-ray dry sauna system (Olym-
pia Co., Miyazaki, Japan) was used for sauna therapy.
Patients underwent sauna therapy at 60°C for 15 min and
then were kept supine in a bed outside the sauna for 30 min
with sufficient warmth provided by blankets (32). Sauna
therapy was performed in the risk group once a day for two
weeks. The patients maintained their other daily habits.
Vascular function. To assess vascular function, we used a
noninvasive technique described by Celermajer et al. (35).
Briefly, a high-resolution Doppler ultrasound system (HDI-
5000; ATL, Bothel, Washington) equipped with a 12-
MHz linear-array transducer was used to measure the
diameter and flow velocity of the left brachial artery.
Individuals rested in a supine position for 15 min before the
first scan and were kept supine throughout the study. The
left brachial artery was scanned in both long- and short-axis
views to obtain the maximum dimension. We confirmed the
center of the artery when the clearest images of the anterior
and posterior walls of the artery were obtained, as described
previously (1). After the confirmation, we scanned in
longitudinal section throughout the study. The first resting
image was recorded, and arterial flow velocity was measured
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Rest After Cuff Release

Figure 1. Representative example of ultrasound images of brachial artery at
rest (left) and 60 s after cuff release (right). The diameter of the artery
increased from 3.22 mm (rest) to 3.48 mm (after cuff release) in response
to increased blood flow. In this case, the percentage of flow-mediated
dilation was 8.1%.

using a pulsed Doppler signal directed 60° to the longitu-
dinal axis of the artery. After measuring the BP of the right
upper limb, a cuff was inflated around the left forearm to a
pressure of 20 mm Hg above the systolic BP for 5 min.
During inflation, we confirmed that no blood flow was
present downstream of the cuff with photoplethysmography
monitoring (FCP-4731, IB-70, Fukuda Denshi, Kum-
amoto, Japan) of the second finger of the left hand. The
second scan was recorded continuously for 30 s before and
3 min after rapid cuff deflation. Fifteen minutes later, a
repeat resting scan was performed. Sublingual nitroglycerin
(NTG) spray (300 ug; Myocol Spray, Toa Eiyo Co.,
Tokyo, Japan) was then administered, and the last scan was
recorded 3 to 5 min later. All images were recorded on
S-VHS videotape using an MD830 videocassette recorder
(SONY, Tokyo, Japan).

The arterial diameter was measured between the intima-
blood interfaces on the anterior and posterior walls with
ultrasonic calipers (Fig. 1) during the onset of the R-wave of
the electrocardiogram for five consecutive cardiac cycles,
and the five measurements were then averaged. These
measurements were performed by two blinded observers.
Percent flow-mediated dilation (%FMD) is expressed as the
maximum percent change in diameter 45 to 60 s after rapid
cuff release normalized to the first resting scan
(endothelium-dependent vasodilation). The maximum di-
lation after NT'G administration is also expressed as the
percent change normalized to the repeat resting scan
([%NTG] endothelium-independent vasodilation). Blood
flow was calculated by multiplying the velocity-time integral
of the Doppler flow signal by the heart rate and cross-
sectional area of the brachial artery. Reactive hyperemia is
defined as the maximum flow during the first 15 s after cuft
release divided by the baseline flow. Vascular function was
evaluated once in the control group and twice in the risk
group (before the first sauna treatment and the day after the
last sauna treatment).

Interobserver variability was determined by calculating
the mean and standard deviation for the difference in the
measurements made by the two observers for 20 arterial
studies. The interobserver variability for %FMD was 0.2 =
1.1%.
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Table 1. Clinical Characteristics of the Control and Risk Groups

Control Risk
Group Group P
(n = 10) (n = 25) Value
Age (yrs) 35+8 38+7 0.25
Hypercholesterolemia (%) 0/10 8/25 (32)

Total cholesterol (mg/dl) 187 £ 12 214 + 44 0.07
Hypertension (%) 0/10 8/25 (32)

SBP (mm Hg) 122 =11 128 =18 0.34

DBP (mm Hg) 76 =8 77 £ 17 0.90
Diabetes mellitus (%) 0/10 3/25 (12)

Fasting plasma glucose (mg/dl) 91+7 99 =25 0.29
Smoking (%) 0/10 15/25 (60)

Obesity (%) 0/10 9/25 (36)

BMI 232 1.8 25.6 = 2.8 0.02
Resting arterial diameter (mm) 3.6 04 3.9 +0.3 0.09
%EFMD (%) 82 +27 40=*17 <0.0001
WNTG (%) 204 =51 18.7 = 4.2 0.32

Values are expressed as the mean = SD.

BMI = body mass index; DBP = diastolic blood pressure; SBP = systolic blood pressure; %FMD = percentage of
flow-mediated dilation; %WNTG = percentage of nitroglycerin-induced dilation.

In preliminary studies in eight patients with coronary risk

factors, we confirmed that the %FMD did not change at
two-week interval without any modification of coronary risk
factors (4.6 = 2.5% vs. 4.7 = 1.8%, p = NS). After this
confirmation, we started this study.
Statistical analysis. Measurements are expressed as the
mean *= SD. A two-sided paired Student # test was used to
compare changes in vascular responses and laboratory values
before and after sauna therapy. A value of p < 0.05 was
considered statistically significant.

RESULTS

Clinical characteristics. The clinical characteristics of
both groups are summarized in Table 1. In the risk group,
8 patients had hypertension; 3 patients had diabetes melli-
tus; 8 patients had hypercholesterolemia, and 15 patients
were current smokers (Table 1).

Effects of sauna therapy on body weight, heart rate and
BP. The body weight decreased significantly (752 =*
9.9 kg to 74.9 = 9.9 kg, p < 0.05), while the heart rate did
not change (68 * 10 beats/min to 68 * 10 beats/min, p =
NS) after two weeks of sauna therapy. Both systolic and
diastolic BP decreased significantly (systolic BP: 128 =
18 mm Hg to 124 = 17 mm Hg, p < 0.01; diastolic BP:
77 = 17 mm Hg to 72 = 16 mm Hg, p < 0.05) after two
weeks of sauna therapy (Table 2).

Effects of sauna therapy on biochemical parameters.
After two weeks of sauna therapy, liver and renal function
did not change. The hematocrit and serum total cholesterol,
triglyceride, high-density lipoprotein cholesterol and uric
acid concentrations did not change significantly. In contrast,
the fasting plasma glucose concentration decreased signifi-
cantly (99 = 25 mg/dl to 94 = 16 mg/dl, p < 0.05). The
plasma TBARS concentration did not change (2.8 % 0.6

Table 2. Changes in Clinical Parameters After Two Weeks of Sauna Treatment

After

Before Two Weeks P

Sauna of Sauna Value
Body weight (kg) 752 +99 749 9.9 <0.05
Heart rate (beats/min) 68 = 10 68 = 10 NS
Systolic blood pressure (mm Hg) 128 = 18 124 =17 <0.01
Diastolic blood pressure (mm Hg) 77 =17 72 16 <0.05
Hematocrit (%) 47.6 £29 472 +23 NS
Total cholesterol (mg/dl) 214 = 44 208 = 34 NS
Triglyceride (mg/ml) 268 = 327 221 =159 NS
HDL cholesterol (mg/dl) 51+11 50 =11 NS
Uric acid (mg/dl) 6.8 1.8 6.6 = 1.5 NS
Fasting plasma glucose (mg/dl) 99 =25 94 = 16 <0.05
TBARS (nmol/ml) 2.8+ 0.6 2.9+ 0.6 NS
Resting arterial diameter (mm) 39+03 39+03 NS
Reactive hyperemia (%) 398 =170 352 + 215 NS
%EFMD (%) 4.0+ 17 58+13 <0.001
WNTG (%) 18.7 = 4.2 18.1 = 4.1 NS

Values are expressed as the mean * SD.

HDL cholesterol = high-density lipoprotein cholesterol; TBARS = thiobarbituric acid reactive substances; %FMD =
percentage of flow-mediated dilation; %NTG = percentage of nitroglycerin-induced dilation.
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Figure 2. Changes in individual percentage of flow-mediated dilation
(%FMD) after two weeks of sauna therapy. *p < 0.001 vs. before sauna
therapy.

nmol/ml to 2.9 + 0.6 nmol/ml, p = NS) after two weeks of
sauna therapy (Table 2).

Effects of sauna therapy on vascular function. No patient
had any significant arterial stenosis or plaques in the brachial
artery studied. In the control group, the mean resting
arterial diameter was 3.6 * 0.4 mm, and the %FMD
(endothelium-dependent vasodilation) and the %NTG
(endothelium-independent vasodilation) were 8.2 * 2.7%
and 20.4 = 5.1%, respectively. In the risk group, the mean
resting arterial diameter was larger, but not significantly
larger than that in the control group (3.9 = 0.3 mm vs.
3.6 = 0.4 mm, p = NS). The %FMD was significantly
lower than that in the control group (4.0 = 1.7% vs. 8.2 =
2.7%, p < 0.0001), but the %NTG was not different from
that in the control group (18.7 * 4.2% vs. 20.4 = 5.1%, p =
NS) (Table 1). After two weeks of sauna therapy, the mean
resting arterial diameter in the risk group did not change
significantly (3.9 = 0.3 mm to 3.9 = 0.3 mm, p = NS). In
addition, reactive hyperemia also did not change (398 =
170% to 352 = 215%, p = NS). While the %FMD
increased significantly from the baseline value (4.0 £ 1.7%
to 5.8 = 1.3%, p < 0.001; Table 2, Fig. 2), the %NTG did
not change (18.7 = 4.2% to 18.1 = 4.1%, p = NS) after two
weeks of sauna therapy (Table 2).

Effects of a single sauna therapy on blood flow of the
brachial artery. To assess the degree of blood flow increase
of the brachial artery after a single sauna therapy, we
measured blood flow at rest and during sauna therapy in
eight patients with coronary risk factors. Blood flow of the
brachial artery significantly increased by 68% after 15 min of
sauna therapy (188 = 36 ml/min to 313 = 55 ml/min, p <
0.0001) and remained elevated by 51% 30 min after sauna
therapy (188 * 36 ml/min to 275 * 80 ml/min, p < 0.05)
(Fig. 3).

JACC Vol. 38, No. 4, 2001
October 2001:1083-8

400 -
E * k%
E
E
= 300 |
E
B
=
g
= 200 -
&
3
5
= 100 -
% 60°C Sauna
g e
M
0 L 1 L L
Before 15 30 45
Sauna

TherapY  Time (min)

Figure 3. Changes in blood flow of the brachial artery during a single sauna
therapy in eight subjects with coronary risk factors. Blood flow significantly
increased by 68% after 15 min of sauna therapy and remained elevated by
51% 30 min after sauna therapy. *p < 0.0001 vs. before sauna therapy;
*p < 0.05 vs. before sauna therapy.

DISCUSSION

In this study we found that two weeks of sauna treatment
improves impaired endothelial function in patients with
conventional coronary risk factors, whereas the vascular
response to NTG does not change. This suggests that
long-term thermal therapy may play a preventive role in
atherosclerosis.

Possible mechanisms of endothelial dysfunction by cor-
onary risk factors. In the endothelium, the amino acid
L-arginine is converted to L-citrulline and NO by the
endothelial isoform (eNOS) of NO synthase. Nitric oxide is
an important vasodilator substance and helps prevent ath-
erosclerosis by maintaining vasodilation and inhibiting
platelet aggregation, leukocyte adhesion and proliferation of
smooth muscle cells in the arterial wall (36). Therefore, NO
plays an important role in endothelial function. We could
not determine the precise mechanism by which repeated
sauna treatment improves impaired endothelial function in
patients with conventional coronary risk factors. However,
three major mechanisms responsible for endothelial dys-
function induced by these risk factors have been proposed.
First, an alteration in the signaling pathway that activates
eNOS has been observed in the hypercholesterolemic con-
dition (37,38). Second, reduced expression of eNOS: re-
duced eNOS gene and protein expression have been re-
ported in cultured endothelial cells exposed to cigarette
smoke extract (39) and in endothelial cells from spontane-
ously hypertensive rats (40). Endothelial isoform of nitric
oxide synthase protein expression is also reduced in skeletal
muscle from streptozotocin-induced diabetic rats (41).
Third, reduced bioavailability of NO because of oxidative
stress: because free radicals can inactivate NO (42), oxida-
tive stress reduces the bioavailability of NO (43-48). More-
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over, it has been reported that increased oxidized low-
density lipoprotein concentrations decrease eNOS activity
by displacing eNOS from plasmalemmal caveolae (49). We
found that the TBARS concentration did not change after
two weeks of sauna treatment (Table 2), suggesting that
restoration of bioavailability of NO by decreasing oxidative
stress is not involved.

Potential role of shear stress in the improvement of
endothelial function. Shear stress is an important factor
that increases eNOS activity and stimulates eNOS expres-
sion (50-53). We have previously reported that a single
sauna treatment induces a 1.5-fold increase in cardiac
output in patients with chronic heart failure (32). In
addition, we observed that blood flow of the brachial artery
significantly increased by 68% during sauna therapy (Fig. 3).
This increased blood flow increases shear stress. We have
recently demonstrated that the gene expression and protein
level of eNOS increase significantly in peripheral arteries
from the golden hamster after four weeks of repeated sauna
therapy (54). Therefore, we believe that repeated sauna
therapy improves endothelial function by increasing eNOS
activity and upregulating eNOS expression by increasing
shear stress. The significant decrease in BP after two weeks
of sauna treatment (Table 2) is probably due to improved
endothelium-dependent vasodilation.

In an interesting parallel, exercise has also been demon-
strated to improve endothelial dysfunction in healthy older
men (55), in patients with chronic heart failure (56) and in
patients with the polymetabolic syndrome (57). It has been
reported that four weeks of cycle training for 30 min three
times per week significantly increases the basal release of
NO in healthy volunteers, and a 30-min cycling induces a
threefold increase in forearm blood flow and a 15% increase
in blood viscosity (58). They suggest that elevated shear
stress contributes to the increased basal release of NO.
These phenomena are similar to those induced by sauna
therapy in this study. Sauna therapy has an advantage in that
it is applicable to subjects who are unable to exercise.
Effects of sauna therapy on fasting plasma glucose con-
centration. A significant decrease in fasting plasma glucose
concentration after two weeks of sauna treatment (Table 2)
was observed, consistent with the previous report using
hot-tub therapy (59). Increased blood flow to skeletal
muscles is reported to increase glucose uptake (60); how-
ever, further studies will be needed to clarify the precise
mechanisms of long-term effects of the sauna therapy on
plasma glucose metabolism. Although all the subjects were
advised to make no changes in their lifestyle in this study,
significant reduction in BP and fasting plasma glucose
concentration was observed after two weeks of sauna treat-
ment. These changes were significant but modest and
within normal limits, so it is not likely that they contributed
to the improvement of endothelial function.

Study limitations. Because we evaluated the effects of
sauna treatment on endothelial function in a small number
of individuals with coronary risk factors, the importance of
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each risk factor remains uncertain. Further studies in larger
numbers of individuals with conventional coronary risk
factors are needed.

Conclusions. Repeated thermal therapy improves im-
paired endothelial function in patients with coronary risk
factors, suggesting a preventive role for thermal therapy for
atherosclerosis.

Reprint requests and correspondence: Dr. Chuwa Tei, First
Department of Internal Medicine, Faculty of Medicine, Ka-
goshima University, 8-35-1 Sakuragaoka, Kagoshima, 890-8520,
Japan. E-mail: chuwatei@med5.kufm.kagoshima-u.ac.jp.

REFERENCES

1. Sorensen KE, Celermajer DS, Georgakopoulos D, Hatcher G, Dean-
field JE. Impairment of endothelium-dependent dilation is an early
event in children with familial hypercholesterolemia and is related to
the lipoprotein (a) level. ] Clin Invest 1994;93:50-5.

2. Panza JA, Quyyumi AA, Brush JE, Jr, Epstein SE. Abnormal
endothelium-dependent vascular relaxation in patients with essential
hypertension. N Engl ] Med 1990;323:22-7.

3. Johnstone MT, Creager SJ, Scales KM, Cusco JA, Lee BK, Creager
MA. Impaired endothelium-dependent vasodilation in patients with
insulin-dependent diabetes mellitus. Circulation 1993;88:2510-6.

4. Celermajer DS, Sorensen KE, Georgakopoulos D, et al. Cigarette
smoking is associated with dose-related and potentially reversible
impairment of endothelial-dependent dilation in healthy young adults.
Circulation 1993;88:2149-55.

5. Zeiher AM, Schichinger V, Minners ]. Long-term cigarette smoking
impairs endothelium-dependent coronary arterial vasodilator function.
Circulation 1995;92:1094-100.

6. Celermajer DS, Adams MR, Clarkson P, et al. Passive smoking and
impaired endothelium-dependent arterial dilatation in healthy young
adults. N Engl ] Med 1996;334:150—4.

7. Cayatte AJ, Palacino JJ, Horten K, Cohen RA. Chronic inhibition of
nitric oxide production accelerates neointima formation and impairs
endothelial function in hypercholesterolemic rabbits. Arterioscler
Thromb 1994;14:753-9.

8. Hashimoto M, Eto M, Akishita M, et al. Correlation between
flow-mediated vasodilatation of the brachial artery and intima-media
thickness in the carotid artery in men. Arterioscler Thromb Vasc Biol
1999;19:2795-800.

9. Suwaidi JA, Hamasaki S, Higano ST, Nishimura RA, Holmes DR, Jr,
Lerman A. Long-term follow-up of patients with mild coronary artery
disease and endothelial dysfunction. Circulation 2000;101:948-55.

10. Schachinger V, Britten MB, Zeiher AM. Prognostic impact of
coronary vasodilator dysfunction on adverse long-term outcome of
coronary heart disease. Circulation 2000;101:1899-906.

11. Leung WH, Lau CP, Wong CK. Beneficial effect of cholesterol-
lowering therapy on coronary endothelium-dependent relaxation in
hypercholesterolaemic patients. Lancet 1993;341:1496-1500.

12. Egashira K, Hirooka Y, Kai H, et al. Reduction in serum cholesterol
with pravastatin improves endothelium-dependent coronary vasomo-
tion in patients with hypercholesterolemia. Circulation 1994;89:2519~
24.

13. Treasure CB, Klein JL, Weintraub WS, et al. Beneficial effects of
cholesterol-lowering therapy on the coronary endothelium in patients
with coronary artery disease. N Engl ] Med 1995;332:481-7.

14. Stroes ES, Koomans HA, de Bruin TW, Rabelink TJ. Vascular
function in the forearm of hypercholesterolaemic patients off and on
lipid-lowering medication. Lancet 1995;346:467-71.

15. Tamai O, Matsuoka H, Itabe H, Wada Y, Kohno K, Imaizumi T.
Single LDL apheresis improves endothelium-dependent vasodilata-
tion in hypercholesterolemic humans. Circulation 1997;95:76—82.

16. O’Driscoll G, Green D, Taylor RR. Simvastatin, an HMG-coenzyme
A reductase inhibitor, improves endothelial function within 1 month.
Circulation 1997;95:1126-31.

17. Jone S, Schlaich M, Langenfeld M, et al. Increased bioavailability of

Downloaded from content.onlinejacc.org by on June 5, 2006


http://content.onlinejacc.org

1088

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Imamura et al.
Repeated Sauna Improves Endothelial Function

nitric oxide after lipid-lowering therapy in hypercholesterolemic pa-
tients. Circulation 1998;98:211—6.

Iwatsubo H, Nagano M, Sakai T, et al. Converting enzyme inhibitor
improves forearm reactive hyperemia in essential hypertension. Hy-
pertension 1997;29:286-90.

Taddei S, Virdis A, Ghiadoni L, Uleri S, Magagna A, Salvetti A.
Lacidipine restores endothelium-dependent vasodilation in essential
hypertensive patients. Hypertension 1997;30:1606-12.

Muiesan ML, Salvetti M, Monteduro C, et al. Effect of treatment on
flow-dependent vasodilation of the brachial artery in essential hyper-
tension. Hypertension 1999;33:575-80.

Schiffrin EL, Park JB, Intengan HD, Touyz RM. Correction of
arterial structure and endothelial dysfunction in human essential
hypertension by the angiotensin receptor antagonist losartan. Circu-
lation 2000;101:1653-9.

Anderson TJ, Meredith IT, Yeung AC, Frei B, Selwyn AP, Ganz P.
The effect of cholesterol-lowering and antioxidant therapy on
endothelium-dependent coronary vasomotion. N Engl ] Med 1995;
332:488-93.

Taddei S, Virdis A, Ghiadoni L, Magagna A, Salvetti A. Vitamin C
improves endothelium-dependent vasodilation by restoring nitric ox-
ide activity in essential hypertension. Circulation 1998;97:2222-9.
Skyrme-Jones RA, O’Brien RC, Berry KL, Meredith IT. Vitamin E
supplementation improves endothelial function in type I diabetes
mellitus: a randomized, placebo-controlled study. ] Am Coll Cardiol
2000;36:94-102.

Neunteufl T, Priglinger U, Heher S, et al. Effects of vitamin E on
chronic and acute endothelial dysfunction in smokers. ] Am Coll
Cardiol 2000;35:277-83.

Drexler H, Zeiher AM, Meinzer K, Just H. Correction of endothelial
dysfunction in coronary microcirculation of hypercholesterolaemic
patients by L-arginine. Lancet 1991;338:1546-50.

Quyyumi AA, Dakak N, Diodati JG, Gilligan DM, Panza JA,
Cannon RO, III. Effect of L-arginine on human coronary
endothelium-dependent and physiologic vasodilation. ] Am Coll
Cardiol 1997;30:1220-7.

Thorne S, Mullen MJ, Clarkson P, Donald AE, Deanfield JE. Early
endothelial dysfunction in adults at risk from atherosclerosis: different
responses to L-arginine. ] Am Coll Cardiol 1998;32:110-6.

Lerman A, Burnett JC, Jr, Higano ST, McKinley L], Holmes DR, Jr.
Long-term L-arginine supplementation improves small-vessel coro-
nary endothelial function in humans. Circulation 1998;97:2123-8.
Roque M, Heras M, Roig E, et al. Short-term effects of transdermal
estrogen replacement therapy on coronary vascular reactivity in post-
menopausal women with angina pectoris and normal results on
coronary angiograms. ] Am Coll Cardiol 1998;31:139-43.

Gerhard M, Walsh BW, Tawakol A, et al. Estradiol therapy combined
with progesterone and endothelium-dependent vasodilation in post-
menopausal women. Circulation 1998;98:1158-63.

Tei C, Horikiri Y, Park JC, et al. Acute hemodynamic improvement
by thermal vasodilation in congestive heart failure. Circulation 1995;
91:2582-90.

Tei C, Tanaka N. Thermal vasodilation as a treatment of congestive
heart failure: a novel approach. J Cardiol 1996;27:29-30.

Kihara T, Biro S, Imamura M, et al. Thermal vasodilation therapy
improves vascular endothelial and cardiac function in patients with
chronic heart failure (abstr). ] Am Coll Cardiol 2001;37:155A.
Celermajer DS, Sorensen KE, Gooch VM, et al. Noninvasive detec-
tion of endothelial dysfunction in children and adults at risk of
atherosclerosis. Lancet 1992;340:1111-5.

Anggard E. Nitric oxide: mediator, murderer and medicine. Lancet
1994;343:1199-206.

Shimokawa H, Flavahan NA, Vanhoutte PM. Loss of endothelial
pertussis toxin-sensitive G protein function in atherosclerotic porcine
coronary arteries. Circulation 1991;83:652—-60.

Feron O, Dessy C, Moniotte S, Desager JP, Balligand JL. Hypercho-
lesterolemia decreases nitric oxide production by promoting the
interaction of caveolin and endothelial nitric oxide synthase. ] Clin
Invest 1999;103:897-905.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

JACC Vol. 38, No. 4, 2001
October 2001:1083-8

Su'Y, Han W, Giraldo C, De Li Y, Block ER. Effect of cigarette
smoke extract on nitric oxide synthase in pulmonary artery endothelial
cells. Am J Respir Cell Mol Biol 1998;19:819-25.

Chou TC, Yen MH, Li CY, Ding YA. Alterations of nitric oxide
synthase expression with aging and hypertension in rats. Hypertension
1998;31:643-8.

Perreault M, Dombrowski L, Marette A. Mechanism of impaired
nitric oxide synthase activity in skeletal muscle of streptozotocin-
induced diabetic rats. Diabetologia 2000;43:427-37.

Gryglewski R], Palmer RM, Moncada S. Superoxide anion is involved
in the breakdown of endothelium-derived vascular relaxing factor.
Nature 1986;320:454—6.

Taddei S, Virdis A, Ghiadoni L, Magagna A, Salvetti A. Cyclooxy-
genase inhibition restores nitric oxide activity in essential hypertension.
Hypertension 1997;29:274-9.

Ohara Y, Peterson TE, Harrison DG. Hypercholesterolemia increases
endothelial superoxide anion production. J Clin Invest 1993;91:2546—
51.

Mullarkey CJ, Edelstein D, Brownlee M. Free radical generation by
early glycation products: a mechanism for accelerated atherogenesis in
diabetes. Biochem Biophys Res Commun 1990;173:932-9.

Kalra J, Chaudhary AK, Prasad K. Increased production of oxygen free
radicals in cigarette smokers. Int ] Exp Pathol 1991;72:1-7.

Kawano H, Motoyama T, Hirashima O, et al. Hyperglycemia rapidly
suppresses flow-mediated endothelium-dependent vasodilation of bra-
chial artery. ] Am Coll Cardiol 1999;34:146-54.

Williams M]J, Sutherland WH, McCormick MP, de Jong SA, Walker
RJ, Wilkins GT. Impaired endothelial function following a meal rich
in used cooking fat. ] Am Coll Cardiol 1999;33:1050-5.

Blair A, Shaul PW, Yuhanna IS, Conrad PA, Smart EJ. Oxidized low
density lipoprotein displaces endothelial nitric-oxide synthase (eNOS)
from plasmalemmal caveolac and impairs eNOS activation. ] Biol
Chem 1999;274:32512-9.

Ziegler T, Silacci P, Harrison V], Hayoz D. Nitric oxide synthase
expression in endothelial cells exposed to mechanical forces. Hyper-
tension 1998;32:351-5.

Redmond EM, Cahill PA, Sitzmann JV. Flow-mediated regulation of
G-protein expression in cocultured vascular smooth muscle and
endothelial cells. Arterioscler Thromb Vasc Biol 1998;18:75—83.
Arnal JF, Dihn-Xuan AT, Pueyo M, Darblade B, Rami ]J.
Endothelium-derived nitric oxide and vascular physiology and pathol-
ogy. Cell Mol Life Sci 1999;55:1078—-87.

Malek AM, Izumo S, Alper SL. Modulation by pathophysiological
stimuli of the shear stress-induced up-regulation of endothelial nitric
oxide synthase expression in endothelial cells. Neurosurgery 1999;45:
334-44.

Ikeda Y, Biro S, Kamogawa Y, et al. Repeated thermal therapy
upregulates arterial endothelial nitric oxide synthase expression in
Syrian golden hamsters. Jpn Circ J 2001;65:434-38.

DeSouza CA, Shapiro LF, Clevenger CM, et al. Regular aerobic
exercise prevents and restores age-related declines in endothelium-
dependent vasodilation in healthy men. Circulation 2000;102:1351-7.
Hambrecht R, Hilbrich L, Erbs S, et al. Correction of endothelial
dysfunction in chronic heart failure: additional effects of exercise
training and oral L-arginine supplementation. ] Am Coll Cardiol
2000;35:706-13.

Lavrencic A, Salobir BG, Keber 1. Physical training improves flow-
mediated dilation in patients with the polymetabolic syndrome.
Arterioscler Thromb Vasc Biol 2000;20:551-5.

Kingwell BA, Sherrard B, Jennings GL, Dart AM. Four weeks of cycle
training increases basal production of nitric oxide from the forearm.
Am ] Physiol 1997;272:H1070-7.

Hooper PL. Hot-tub therapy for type 2 diabetes mellitus. N Engl
J Med 1999;341:924-5.

Baron AD, Steinberg H, Brechtel G, Johnson A. Skeletal muscle
blood flow independently modulates insulin-mediated glucose uptake.

Am ] Physiol 1994;266:E248-53.

Downloaded from content.onlinejacc.org by on June 5, 2006


http://content.onlinejacc.org

\ceDirect - Journal uf the Am...lients with chronic heart fili“lﬂ}p;waw,scienucdjrcct‘comfscie,...=aabﬂ)b52954%(’&39&34218&&!33&&{:0

Sauna treatment

Because of its absence of hydrostatic pressure, thermal therapy with a [ar fi_lﬁ'il.[ﬂd;ra)’ dry saund was performed as
previously reported [S). Palicnts were placed in a supine position on a bed in a 60°C sauna for 15 min, and once _
removed, kept on bed Test with a blanket to keep them warm [or an additional 30 min, Patients were weighed belore and
afier the sauna treatment; oral hydration with water was used to compensate for lost warg?l, In contrast, in the nonireated
group, subjects were placed in a supine position on a bed in a temperature-controlled (24°C) room for 45 min.

Assessment of clinical symptoms

Clinical symptoms related to dyspnea, fatipue, edema, appetite loss, constipation and insomnia were evaluated by a
self-assessment qualily-of-life questionnaire. Each item had four grades: remarkably improved, improved, no change or
worscned. Patients were classi.gﬁd into three groups based on the results of the questionnaire, Patients who answered
"improved” lo more than three ilems were defined as the improved group. Those who answered "wamsenced” o at least
one item were defined as the worsened group. The others were defined as the unchanged group.

Laboratory measurements

A fasting blood sample was obtained in the moming to mcasure plasma levels of neurohormonal faclors, including
catecholamines, atrial natriuretic peptide (ANP), brain natrjuretic peptide (BNP), thiobarbituric acid-reactive substances
(TBARS) and tumor necrosis factor-alpha (TNF-ulpha). Plasma catecholamine (norepinephrne, epinephrine and
dopamine) concentrations were measured with high-performance liquid chromatography, and both plasma ANP and BNP
concentralions were measured with a radioimmunoassay. Plasma levels of TBARS were measured with the thiobarbituric
acid reaction method, and plasma levels of TNF-alpha were measored with an enzyme-linked immunosorhent assay.
Chest radiggraphy and cchocardiography were also performed. For calenlaling syslemic vascular resislance, siroke
volume was measured by two-dimensiomal and pulsed-wave Dappler echocardiography, monitoring beart rate and blood
pressure simultaneously,

Endothelial function

To evaluate endothelial function, we used a previously desénibed noninvasive ultrastund methad [29]. Endothelial
function was always assessed in a femperature-controlled (24°C) laboratory before dinner. The diameter of the brachial
artery was measured on B-mode ultrasound images, using a 12.0-MHz linear-array transducer and high-resolution
Doppler ultrasound system (HDI-5000, ATL, Bothel, Washinglon). The ultrasound images were recorded on a
super-VHS videocassette recorder, and the arterial diameter was measured later with ultrasonic calipers by two
independent gbservers who had nol participated in the thermal therapy. Afler measurement ol Blond pressure of the right
arm, a pneumatic tourniquet was placed around the left forearm (at a site distal to the scanned part) and was inflated 1o a
pressure of 20 mm Hg over the systolic biood pressure for 5 min. During inflation, we confirmed with
pholoplethysmography monitoring (FCP-4731 1B-70, Fukuda Denshi, Kumamoto, Tapan) that no blood flow was present
downstream of the ioumiquet to the second finger of the left hand. Reactive hyperemia was calculated as the maximal
flow in the first 15 s after cuff deflation divided by baseline flow, Parcent flow-mediated dilation (%FMD) was defined
as (he pereent change in diametet between 50 s after cuff defiation and that on the iniiial scan. Percent nitroglycerin
(ZNTG)-imduced dilation was also defined as the percent change in diameter belween 4 min aller administration of
sublingual nitroglycerin spray (300 #g) and that on the initial scan. The vessel diameter was measured by two obscrvers
who were unaware of the clinical details and the stage of the study. The mean value of the iwo obscrvations was used,
Intergbserver variability was determined by calcolating the mean * SD of the difference in the two observers' resulls
from 20 aricrial studies. In our laboratory, the interobserver variability for measurement of %FMD wazs 02 +1.1%.Ina
praliminary study, when these procedures were performed at the same time on two different days in eipht volunteess, the
averdge mirasubject test-retest ditference for the measurements of %EMD was 0.1 * 0.8%.

Study protocol

Sauna therapy was performed once a day, five days a week and for a total of two weeks in the sauna-treared group. All
examinations were performed before the At treatmient and on the day after the 1ast realmenl.

Statistical analysis
All data are E_}igressad as the mean value + 8D. Data al baseline and afller sauna trealment were compared by using the

paired ¢ lest. The relationship between the change in %MD and the percent improvement in BNP concentration was
assessed by Spearman’s comrelation coellicients. A value ol p < (.05 was considered statistically significanL

Results

Clinical findings and laboratory variables

The patients' baseline clinical characteristics are shown in Table 1. All patients enrolled in the study completed the study.
None of the sauna-treated palienls expenenced dyspnea, angma pecloris or palpitations. Clinical symptoms were
improved in 17 of 20 patients (improved group) and were unchanged in 3 patients (unchanged group) after the two-week
sauna therapy. However, no patient had worsened clinical symptoms. Although the mean heart rate and body weight did
not change, sysiolic blood pressure significantly decreased the day after the two-week sauna treatment ended (Table 1).
Furthermare, systemic vascular resislance sigmilicanlly decrcased the day after the two-week sauna treaument ended, us
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i i ' g-cn-3 s-g-cmE .02), Laboratory variablcs,
{h baseline (2,267 + 640 dyncs-scm-S vs. 1.910 * 451 dynes-s-cm =, p < 0.02) ’
ﬁﬁ;&? l?\?ar Iuﬂ;?gt:::; (nénal function, electrolytes and hematoeril, did not change after the two-week sauna therapy
(data not shown). [n contrast, clinical symptoms, hemodynamic data and laboratory vanables did not change al 1he

two-week interval in the nontrcated group (Table1).

“T'able 1, Haseline Clinical Charagieristics and Changes in Several Variables of the Two-Week Interval

——

(=1K)

= i i Tine values Data are presented as the mean value * 8D, L o

A‘:.:N?mem ams'oanl n‘;:}']nju?;;:: ::I:::ud: BNP = bmipn natriuretic peptids; CTR = tardiothoredic rlio; DBF = diasiolic blood pressure:
ZEMD = perent flow-mediated dilation; 1ICM = ischemic cardiomyopathy; DCM = dilated _r:nrdmmyupamy-. LAD = Ieft atrial
dimension: LVEDD = left ventricular end-diastolic dimension: %NTG = percent mitroglyeering NYHA = New Yark Hearl
Association; SBF = systalic blood pressure; TBARS = thioharbituric acid-reactive substances; TNF-alpha = tumor necrosis
factor-alpha.

Vascular function

i howed mny significant brachial arterial stenosis or plagne. Before sauna and the day after the two-week sauna
Eﬁﬁi‘;ﬂ;&i the ve:gm%amew ol the brachial artery at rcstp had not changed significantly (3.4 = 0.6 mm vs. 34206
mm), and reactive hyperemia was also unchinged (Table 1). The increase in %FMD during the peak hyperemic respunse
was maximal a1 60 5 after release of the 5-min artenal occlusion. The inerease in GNTG-induced dllau.an wis mmal at
4 min after administration of NTG. In palienis with CHF in the nontreated proup, %FMD and %NTG-induced dilation
did not change at the two week interval ( Table 1). Two-week sauna treatment significantly increased %FMD, as
compared with that before sauna therapy (4.4 = 2.5% vs. 5.7 2 2.5%, P = 0.0006) ( Tuble 1). The data of each patient are
shown in Table 2. Percemt FMD significantiy increased from the bascline value in the improved group (45 * 2.7% vs.
5.9 + 2.5%. N = 17, p < 0.01), but not in the unchanged group (4.2 & 1.7% vs. 4.0 = 1.6%, N = 3). Percent NTG-induced
dilation was similar before and aller the two-week sauna treatment (19,2 £ 0.53% vs. 18.7 £ 6.9%) (Table 1).

Tahle 2 Characteristics of Each Palienl in the Saona-Treated Group

(<1K)
Abhreviations as in Table 1.

Neurohormonal factors, TBARS and TNF-alpha.

Plasma concentrarions of BNP alter iwo weeks of 2auna treatment were significantly lower than those at baseline (293 +
302 pa/ml vs. 441 & 444 po/ml, p < (.005) {Table 1). However, ANF and calecholamine concentralions were similar.
Plasma levels of TBARS and TNF-alpha did not chanpe after two weeks of sauna therapy. In the nontreated group, these
concentrations did not change al the two-week intetval,

Variables assessed hy chest radiography and echocardiegraphy.

The CTR on chest radingraphy decreased significantly as compared with that at baseline (Table 1). On echocardingraphy,
the left venmricular end-diastolic dimension {LVEDD) decreased significantly as compared with that at baseline ( Table
1). However, there was no difference in the ejection fraction. In contrast, CTR, LVEDD and gjection fraction did not
changa at the two-week inlerval in the nontreated group.

Correlation between endothelial and cardiac function
‘We nexl examined the correlalion between the variables of cardiac function, including ejection fraction, LVEDD, CTR,

ANP and ENP, and %FMD of endothelial function in the sauna-treated group. A sigmbicant comrelation between the
change n %FMD and the percent improvement in plasma BNP concentrations was observed (r = 0.69, P = 0.0005) (Eip.
.

[ I - % '[51{)

e e

Figure 1. Relationship between the change i percent Huw-mediated dilation (%FMD) and the percent improvement i brun
narriurctic peprice (BNE) concentration in the sauna-treated pyoup. There is 3 posilive cormrelaiion between Lhe change in %MD
and the percenl improvement in BNF concentration before and afier twe weeks of sauna therapy (r = 0.69, P = 0,0005)
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Discussion

The present study indicates that rwo weeks of sauna therapy mnproved endothelial function and decreased plasma BNP
concentrations in patients with CHF. Furthermore, there is a correlalion between the degree ol improvement of BFMD
and the percent impravement in plasma BNP cuncentrations. Recent studics have indicated that plasma BNP .
concentralions aré an important marker of cardiac status and prognosis in patients with heart failure [30, 31 and 32].
Thercfore, we conclude that repeated 60°C sauna therapy improves peripheral vascular endothclial function, resulting in
an improvement in cardiac function in patients with CHE. It should be noted here that body weight and hematocril did
not change wilh sauna tréatment,

Endothelial function and clinical symptoms

We clarified that endothelial function significantly improved after two-week sauna therapy in the brachial antery. We also
found thal systemic vaseular resistance significantly decreased aller two-week sauna therapy, suggesling an improvement
of endothelial function in resistance vessels. Improved endothelial function leads 1o dilation of vessels by an increase in
NO production. The fact that two weeks of sauna therapy significantly decreased systolic blond pressute (Iable 1) in the
present study may reflect the improvement in endothelial function. This resulis in decreased afierload and, thus, increased
cardisc output. These changes improve peripheral circulation, which is probably responsiblc [or the improvement in
clinical symptoras. Interestingly, in the patients whose clinical symploms improved, %FMD improved significantly,
whereas in the palients whose clinical symptoms did not change. %FMD did not improve.

Possible mechanisms by which sauna therapy improves endothelial and cardiac function

Recent smdies have indicated that endothelial function decreases in patients with CHF [2, 10, 11 and 12_1 Two major
mechanisms for this have been proposed: 1) decreased NO production and 2) increased depradation of NQ, The eNOS
protein is markedly reduced in the thoracic aorta of dogs with pacing-induced heart failure [33]. Similar ¢esulls have been
reported in rats with heart failure [34]. Tn addition, Belch et al. {35] reported that plasma lipid peroxides were
significantly higher in patients with CHF than in control subjecls, suggedting decteased NO bioavailability. In the pregent
study, we could not clanify the precise mechanisms by which long-term sauna therapy improves erdothehal function in
paticnts with CHF. However, we have previoucly demonstrated that thermal therapy increases cardiac putput in patients
with CHF [5]. This results in increased peripheral blood flow, which increases shear siress in the vessels. In fact, we have
recently found that blood flow of the brachial artery significantly increases by 6G8% after 15 min of sauna therapy and
remains clevated by 51% at 30 min after sauna Lherapy in paticnts with coronary risk factors [36]. We believe that this
increasc in shear stress leads o an increase in NO production by the vessels. We have demonstrated thal repealed saoma
treatment upregulates the ¢NOS protein in the arterial endothelivm, including the aortz and carotid, femoral and coronary
arteries, of hamsters [37]. Tn the present study, we found that there was no difference in plasma levels of TBARS before
and after two weeks of sauna therapy ( Table 1). Therefore, il is likely (hat the improvemcent in cndothelial imction after
long-lerm, repeated sauna therapy is due to improved NO production by eNOS upregulation in patients with CHE, We
helieve that eNOS upregulation is dud to a prolonped increase in shear stress, but not decreased TNF-alpha levels ( Table
1), which is reported to downregulate eNOS expression [38]. Furthermore, eNOS upregulation in the cotonary artery

may direcly improve cardiac function due to an increase m coronary perfusion.

Effects of sauna treatment on natriuretic peptides

In this study, plasma BNF concentrations sig,niﬁcan tly decreased after two-week sauna therapy, whereas plasma ANF
concentrations lended to dectease. We could not clarify the precise mechanisms of this discrepancy. Although both ANP
and BNF concentrations are raparted to be associated with left ventricular dysfunclion, recent studies hava ravealed that
BNP concentrations are more sensitiva than ANP concentrations [39 and 40]. Therefore, one explanation may be the
shortness of the reaiment perod.

Clinical implications and study limitations
All patients completed this sudy, and no patienl had womened climeal symptoms, womsened cardiac arrhythmia,

tachycardia, hypolension or dehydration, Furthermore, this sauna therapy may be applicable in patients with CHF who
are unable lp exercise.

In the present sludy, we applied sauna therapy to patients with CHF in NYHA functicnal class Il or Il and in a stable
clinical condition for one month before study entry. Becanse there were stable palients with CHF, all variables. including
BNP concentratipns and %FMD, did not change at the two-week interval in the nontreated group. Further siudics are
needed W investigate the beneficial effect of sauna therapy on endothelizl and cardiac function in pztients with acute
heart failure or NYHA Ffuncuonal class IV CHE.

Conclusions

Repeated sauna treatment improves vascular endothelial functlon, resulting in an improvement in cardlac function and
clinical symptoms.
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