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Effects of Hot Spring Water Drinking on
Blood Glucose Levels in Kawayu Spa

Kouiji NISHIKAWA"  Yoshinori OHTSUKA?
1) Kowayu Onsen Hospital

2) Health Administration Center, Hokkaido University

Summary
We investigated the effects of hot spring water drinking in Kawayu on blood glucose levels and

insulin secretions. Kawayu hot spring water is characterized “acid alum vitriol hydrogensulfide” with
a pH of 1.98. First, a glucose tolerance test (GTT) was performed on eight non-diabetic people and
nine diabetic patients after drinking of tap water or Kawayu hot spring water at a one-week interval.
Plasma glucose levels after pre-drinking spring water showed significantly (p=0.05) decreasing com-
pared with those after pre-drinking tap water. Serum immunoreactive insulin (IRI) levels after pre-
drinking hot spring water were tend to be higher at the early phase of GTT than those after pre-drink-
ing tap water. And, we confirmed the correlation between the total decreasing of blood glucose levels
and the reactions of insulin secretion at early phase of GTT after spring water drinking. Second, GTT
was performed on seven diabetic patients before and after four-week drinking of Kawayu hot spring
water. The results showed that hemoglobin Alc levels and total cholesterol levels ware decreased
significantly (p<0.05). Total blood glucose levels of tested GTT were, however, almost similar before
and after drinking treatment. These findings suggest that drinking of Kawayu hot spring water is ben-

eficial for diabetic patients.
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Fig.1-a Changes in plasma glucose levels (BS)

of glucose tolerance tests performed for all 17
subjects.
Glucose tolerance tests were performed after
drinking tap water (control) or Kawayu spring
hot water (sulfur) at one-week interval. Data
are shown as mean values. Spring water was 5
times diluted with hot water.
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Fig.1-b Changes in plasma glucose levels (BS) of
glucose tolerance tests performed for eight non-
diabetic people.

Data are shown as mean values.
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Fig.1-c Changes in plasma glucose levels (BS)
of glucose tolerance tests performed for nine
diabetic patients.

Data are shown as mean values.
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Fig.2 Changes in serum immunoreactive insulin
(IRI) fevels on all 17 subjects.
The IRI data were measured with plasma
glucose at the same time. Data are shown as
mean values. Spring water was 5 times diluted
with hot water.
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Table 1 Calculated AIRI/ABS, ZABS 30',60', ZABS 30' ~ 180', ZAIRI
30',60" and ZAIRI 30" ~ 180' data of GTT after tap water (control) and
spring water drinking (sulfur).

All 17 subjects (means = SD)

Non-diabetic (means) Diabetic (means) control sulfur
AIRI/ABS 0.33%+0.23 0.43+0.40
*
[ |
0.49 0.18 0.70 0.19

2 ABS 30°,60° 161.7x111.6 140.8+86.8

(mg/dl) 105.6 2116 97.3 179.4
2 ABS 30°~180° 415.6+354.5 379.8+327.4

(mg/dl) 159.8 643.1 1361  596.4
2 AIRI 30,60’ 38.6£23.9 49.6+554

(pU/ml) 55.9 232 65.9 352
2 AIRI30°~180° 97.2+477 103.9%=78.1

(pU/ml) 1194 774 125.1 85.1

Non-diabetic (n=8), Diabetic (n=9) * p<0.05

ATRI/ A BS = (IRI30’ - fasting IRT)./(BS30’ - fasting BS)

2 ABS30°,60°= ABS30’+ ABS6(’

Z ABS30°~180"= ABS30’+ ABS60’+ ABS90’+ ABSI120°’+ ABS180°
Z AIRI30°,60° = AIRI30’ + AIRI6O’

2 AIRI30’~180° = AIRI30’+ AIRI60’ + AIRI90O’ + AIRII20°+ AIRI18C

ABS30°=BS30’-BS 0
ABS60’ = BS60’ - BS 0

AIRI30’ =IRI30’ - IRI 0’
AIRI60” = IRI60’ - IRI 0’

ABS90’, ABS120°, ABS180’and AIRI90’, AIRI120’, AIRI180’ were

similarly calculated respectively.

Kawayu spring water was 5 times diluted with hot water.

HIROMBICED, JEFERFH CTIIARIC LA
L7z (p<0. 05) .

F 7=, HEAMEI0S £600 D0 & LU &
U= mof S ABS30', 60" T8, [E
BRIZEHE L 7= B AT123040 70 51804 £ T O I ks

fEBE I DFFI S ABS30 ~180" 12, #FHEH

BERERGS N =0, JEHEREH - B
REHE LS C#@ﬁk%ﬁiﬁ%ﬁ‘ﬂ@i/}‘b“(mt
(Table 1), —7. S ABSEFARICEIEL =1
DAY MEBEIMOEI S AIRIZ0, 600 &2 A
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B2 T 5 &, AR RIS
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BIRIC, 1A RS RITBIL Ta
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BT ER U102 AIRL/ ABSKISFIRE,
L 721612 A IRI/ ABSIE G HIREICK 3L, 2D
2B T ABS307, 60", T ABS30 ~ 180", T A
IRI130", 60°. X AIRI30 180 = FNFNEE
L7z (Table 3) . *HERBICBWTHEOERIT
PRI TR TH - 7205, AIRI/ ABSKIHIHE
TR RERIC L > Tsutfur = ABS307, 60" .

Table 2 Calculated AIRI/ABS, SABS30', 60', SAIRI30', 60', and ZAIRI30' ~ 180' respectively

in the case of ZABS classification.

2 ABS Z ABS
Responder Non-responder
(n=10) n=7)
control“sulfur X ABS30° ~180 421.1.7322.2 407.9.-462.1
(mg/dl)
control /sulfur A IR/ A BS 0.40,70.56 0.22,70.24
control,/sulfur £ ABS30°,60° 168.4,7130.2 152.1,7156.0
(mg/dl)
*
control/sulfur £ A IRI30°,60° 47.1,767.9 26.4,23.6
(pU/ml)
*
1
control,/sulfur & AIRI30°~180 120.8,7133.7 63.4/61.4
(uWU/ml) ' |
*
* p<0.05

Control means results of GTT after drinking tap water, and sulfur is meaning of hot

spring water drinking. Data are shown as mean values.
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Table 3 Calculated ZABS30', 60', ZABS30'~180', ZAIRI3(', 60', and XAIRI30'~180" in the case

of AIRI/ABS classification.

AIRIVABS AIRI/ABS
Responder Non-responder
(0=10) (0=7)
control “sulfur AIRI/ ABS 0.39.0.65 0.24.70.13
control /sulfur ¥ ABS30°,60’ 175.3./139.1 142.3,7143.3
(mg/dl)
control /sulfur X ABS30°~180° 398.2,7337.7 440.6,7440.0
(mg/dl)
control /sulfur ¥ A IRI30°,60’ 442,767.8 30.6,723.7
(uU/ml)
control “sulfur & A IRI30’~180’ 104.7,7119.5 86.4,°81.7
(uU/ml)

p=N.S : not significant

Control means results of GTT after drinking tap water, and sulfur is meaning of hot

spring water drinking. Data are shown as mean values.

sulfur = ABS30'~180" fE iZ K ICH B EIT R W
Ny L. AIRIL/ ABSIE SOl BE TGN
mholz, SAIRNCELU THRMERBRICBN
TWHRERERZZRDIRN 2, AIRI/A
BSS GBI TIid— B R R BB IT B W Tsulfur
S AIRIZD, 60" &sulfurs AIRISOT ~ 180" 1
AETEARVWHOOMICHEMLZ. LML, A
IRI/ ABSIR SIS HIRE Tl FIT B L &R DIz o
7 _
2. RIS R HER

RORAT & R U, GR 3 SR T AR SR AR T B
DOHbALCIETH H 641 2340 770 T H 2 1.1
+2. 7% M56.8+2.6% CEH LD EHEIC
0. 05X TF L., K TRIDGEMEZED

HbALcfl (7.2+2.9 % SF ¥ £SD IR R T
BFEHRUABETRAAWNRE LR L Thi
(Fig.3) . ¥/, BHIRRa1&L A BTEO
MOV AT 00— Ll (202. 6+£58. 6 vs. 183.0+
44, 3mg/dg: - £SD) H A F 2 (p<0. 05) 2 FF o
T U 7z (Fig4). —H. 16K TRHDL-ChofEl
BB EBERELNRD SN/sh -7z (data not
shown) . GITO#EE TIL, *AREER & HLisc L 43
RABRRBICHBIT D AIRI/ABS. S ABSBLUY
ARIDOMEIZIZ & A EZEERD T, —HEKR
TH S Nz A EEe - > A 25
%EIRD I 7= (Table 4)
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Fig.3 Hemoglobin Alc (HbAlc) levels before and

after (after 4 weeks) 4-week drinking treatment
with Kawayu hot spring water for 7 diabetic
patients.

HbA 1c was also measured at the 8-week point
(after 8 weeks), which contained non-drinking
period of hot spring water for four weeks after
end of drinking treatments. Data show the
means+SD.
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Fig.4 Total cholesterol (T-Cho) levels before and

after (after 4 weeks) 4-week drinking treatment
with Kawayu hot spring water for 7 diabetic
patients.

T-Cho levels of control vs. after 4 weeks were
202.6+58.6 vs. 183.0+44.3 (mean+SD) mg/d/
respectively.

Total cholesterol : normal level 130~220mg/d/

Table 4 Calculated AIRI/ABS, ZABS 30',60', TABS 30'~180',ZAIRI 30',60" and ZAIRI 30'~
180" data of GTT on seven diabetic patients who received 4-week drinking treatment with

kawayu spring water.

control sulfur after 4 weeks
AIRVABS 0.141+0.12 0.201+0.29 0.07+0.07
Z ABS 30°,60° 213.4%155.7 186.0+107.4 218.0+92.1
(mg/dl)
2 ABS 30°~180° 663.7-398.5 600.1£355.6 709.1£256.2
(mg/dl)
Z AIRI 307,60 16.4+10.6 37.6x62.9 16.0X12.3
(pU/ml)
2 AIRI30’~180’ 62.3£61.0 76.571+93.54 46.6+40.5
(wU/ml)

Data are shown as mean values = SD.
control : Data of GTT after drinking tap water.

sulfur : After spring water drinking once.

p=N.S : not significant

after 4 weeks : After drinking treatment every morning and evening with 5 times diluted

hot spring water for four weeks.
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Fig.5 The correlation

between XABS and AIRI/
ABS classification.

The figure shows
correlation between the
index of S,/ CAIRI/ABS
and S,/ CZABS30'~120".
S,/C : sulfur (after
drinking hot spring water)
/ control (after tap water
drinking).

Table 5 Analyses of element and metal levels contained in Kawayu spring water.

Definite value Definitive value Measured value
of spring water of tap water of Kawayu
in a day spring water
Cd <0.0img/1 0.013mg/1
Hg <0.002mg/day <0.0005mg/l <0.0005mg/1
Se <0.01mg/l <0.001mg/1
Pb 0.2mg/day <0.01mg/l 0.0016mg/1
As 0.3mg/day <0.0lmg/t 0.017mg/1
Cr <0.05mg/l <0.001mg/1
CN <0.01mg/1 0.24mg/1
F 1.6mg/day <0.8mg/1 3.1mg/l
Zn <1.0mg/1 0.0148mg/1
Fe <0.3mg/1 0.0083mg/1
Cu 2mg/day <1.0mg/1 <0.001mg/1
Mn <0.05mg/1 0.0018mg/1
Al <0.2mg/1* 1.1mg/l

These analyses were performed by N.S. Environmental Science Co., Ltd.

Cd : cadmium
Pb: lead

CN : cyanide
Fe : iron

Al : aluminum

* Reference value

Hg : mercury Se : selenium
As : arsenic Cr : chromium
F : fluorine Zn : zinc

Cu : copper Mn : manganesé

(Hexavalent chromium is only measured instead of total and trivalent chromium.)
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