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Effects of Drinking Hot Spring Water from
Kawayu Onsen on Blood Glucose Levels
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Abstract

Effects of drinking hot spring water from Kawayu Onsen on blood glucose levels
were investigated. The spring water characteristics are “acid alum vitriol hydrogen-
sulfide springs” with a pH of 1.98. First, a glucose tolerance test (GTT) was performed on
three healthy volunteers and seven diabetic patients after drinking tap water or spring
water at a one week interval. Increments in plasma glucose levels were significantly
lower (p<0.05) with pre-drinking of spring water and those in serum insulin levels tended
to be higher at earlier phases of GTT than tap water drinking. Second, GTT was
performed before and after 4 weeks of drinking spring water on 7 diabetic patients.
Increments in plasma glucose levels were almost similar ; however, those in serum
insulin levels tended to be lower at late phases of GTT. Hemoglobin A1c levels decreased
significantly. From these findings, it is suggested that drinking hot spring water from
Kawayu Onsen is beneficial for diabetic patients.
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ERERERE I N AR FTirbN 5 O TIREHIELEE SIEEN TV, T I TREZER
KEFAT 2 A, 7 — )V CTOERNE, < OMMOKEREPHRELER ENTb Tk, S5
FEFE - EFEEE L LD, BETHINFIEMEELEGITONTVWS, L LEN 5 HADERK
137 DR TEOVEGRAH A HD 1 25D 30 &, KUEO S EERNSEZ O, BRARI
A TH BISRRRE OB ARV THh T DiThbh TV, FUREEOERET &R
BH7S BN 2 <, BEPRIS RS O IMEERE MEM 2 H> £ S b TV 2IRFIKISO W T OREEIIGE X
Digv, 2 TAm, IR OB IVEICHERIFSTEH I N TV AIRERICE W T, T DIRREAIIEE
OEAT TG Z BRBARGT L 7.

2. XNRELUAHE

2.1 JIiZBRK

LR ES T ET O GERKIC TRES L 7c, RERBERYE - S5 - &k (1D - F ) v 4 - T3
=a v A-BiRE - HBPR (RALKRED (EsRIERRMESER) TH v, BB 55.0°C, pH 1.98
sEIRYE AR I IR TH 5.

2.2 ERROFEHEHE

3HTDIEFREN B2, 34K 605K 14, 435%) & 780 2 BHERIE (1 v 2 ) ¥ 530
NricnTwz) BE (B14, L6%, B KbV, HKROMEEMAE (glucose
tolerance test : GTT) IZ5-X 2%t Lic. FLHIcavyro—vE L ThSEE OkEk)
200 ml % 30 43> 1 TERA, T OH%IC GTT 21T - 7. —Hlt%, 5 (AR L 72)I1EERK 200 ml % [7]
BRICHORE TR GTT 2TV RA B L, GTT R 7 FoMIciRE L C75g il 427 v 7
Y ESS IR R & & R OHERA TR AR E R (—f225ml © b L —3F >~ G75) DOIRARFIE
30, 60, 90, 120 432 I IfilkE{E & IRI (immunoreactive insulin : 1 ¥ 2 Y ¥) flHZ FHR & © BRI L
tot v ZVTRIE L 2.

2.3 BRRORIAMR

FOR D EIRIR 2R 5 BT, R0 7 ZOMERINET ICEHYY © 2 [0] 4 80, 5 EAFRL )1
iR SRIK 200 ml 2 KGR &, ZEEERIMPE(E (FPG : fasting plasma glucose, 110 mg/dl LI RN 2351E
), HbAlcfE (~E/ B EY Alc:@Ek—7 HRIONEAMIEED HZ. EHEE 4.3~58%) DA
fbatat L. C OGS HRIFAEL, EHEESEHEEROGAE LW E S ITfEE L.
o, A VRY VG (R Vi 5 EeE) 2515 HRY T HOMA-IRI (Homeostasis
model assessment : IRI (uU/mi) XFPG (mg/dl)/405, <2 M1EH) fEAEEE L /2.

3. & S

3.1 EBRROEEEHR

TRER ORI LD GTT % @ [HEE O SN d K EKRDO K ICH L THREICIRT L 7«
(p<0.05, Fig. ). IRI{EDENIE ZAR 30 43 & 60 5> TAERDEKICH L TEWERE AR L 1
7 (Fig. 2) HEERED LML 1.
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3.2 EBRRORENR

INEHERKDPIRHMIIEEIC G R 5 8 143

ZEIER e 3 B, MR L, PR E O LERE 78 - 78, HbAic fHI 7.1£1.0% (F5

+SEM) 75 68F1.0% ~NEEEITK L7

(Table 1, p<0.05).

it 4 EE O MORIRITIT - 72

GTT T3, KRENCHE L T EOEEINE IS IED Sshr - 7o (Fig. 3). IRIEOHEINE
90, 120 /) CHIMEICH L TR T EBIZ/R L 2 3GEZE RS - o (Fig. 4). HOMA-IRI B 3ll5E L
Bz 6 i, BifEN 2Ll ETEEERL 2HEZESDTAPIMERL, fho 2 FlidEEEEFHNTO

Z#jTd - 72 (Table 2).
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Fig. 1 Changes in plasma glucose levels.
Glucose tolerance test was performed on
three healthy volunteers and seven diabetic
patients after drinking tap water (Control) or
hot spring water from Kawayu Onsen (Sulfur)
at one week interval. Data are shown as
means=SEM.

Table 1 Fasting plasma glucose (FPG) and
HbAic (hemoglobin Aic) levels before and
after 4-month drinking treatment with
hot spring water from Kawayu Onsen in
7 diabetic patients

Before After
No. FPG HbAic FPG HbAic
1 173 11.8 179 11.5
2 195 10.2 227 9.5
3 138 5.6 128 5.5
4 93 5.2 98 5.1
5 116 6 120 5.9
6 73 54 157 54
7 139 5.2 89 4.9

Maximum levels for normal FPG and HbAic
are 110 and 5.8%, respectively.

AIRI (pUiml)
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Fig. 2 Changes in serum immunoreactive insulin
(IRI) levels.
IRl was measured at same time as GTT of
Fig. 1. Data are shown as means=*SEM.
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Fig. 3 Changes in plasma glucose levels for
4-week test.
Glucose tolerance test was performed on
seven diabetic patients before (Control) and
after 4-week drinking of hot spring water from
Kawayu Onsen (Sulfur). Mean values are
shown.
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B BEERR, BIRABOM, BERKED
bDEIERT B HRIBEENSITON TV S, K
REELAOBBEERZVF NGBS o
) —EREEHMIC LR ETH D,
g GRS, 1984), #H#E (Ohtsuka et
al. 1998) 73 & T OIMHEERE T ERA RS =
ncwa,

—7, REKEER, Na-WifgiER, i No. 1 9 3 4 5 6
SRS L DYR DIBIGAE D — 2 IR 125 Before 037 2.2 2.5 0.97 1.4 1.4
FonTsy, H<rofflsnTE T2 After 0.88 2.1 1.9 0.73 1.5 0.67
2, ZOEHEFESHOMICENTOVE 50
F/Dis v, F = a2 o Karlsbad (47 — v &

Fig. 4 Changes in serum immunoreactive insulin
(IRI) levels for 4-week test.
IRl was measured at same time as GTT of
Fig. 3. Mean values are shown.

Table 2 HOMA-IRI levels before and after
4-month drinking treatment in 6 diabetic
patients

HOMA-IRI (Homeostasis model assessment)
was calculated as follows:IRI (immunore-

N—F) TEBRLRFE-F b U v AKX
G - MRS R OMRIT L 0, FEREEE
et v 2 ) VEOBED EFXED S

active insulin (©«U/ml)) X FPG(fasting plasma
glucose (mg/dl))/405
(normal level <2)

WS EEND B (FRk, 1990). TDA v R

WOy — v RS E (FRERER, 10, 15, 20, 25, 30, 40, 50, 60, 90 R ICERIND, FRREZRRGID
BRIMIEFETH 2 10 DRISDMD E— 27 8d - 72, THIRERBE D AIT & BRI 7S O TR O EEME
B E@ERARE) T Y2 ) vyRShTERLZEEZ SN S, The ik, JEERy
PR2EEBR R BB R e CBRIED) 1ITH - iR RKE IR S €T 30 /9%, ERKIT400 A0 Y —
DRBREERL TREE S &, KEKTEMOTKBMAZRER LD &, 1 ¥R ) VulhiE
HBLTWA I EERFSMIT L (BIES, 1987). oA, BB ORI 30, 60, 90, 120,
180 HRITIT - 7o As, A TERKIRDIE S A IRIMENEEZ R L, FRiC 120, 180 HTREE
ZR L1 BEOKAZ DERNS 13, AETREVAGTT %304, 60 0 THL A v 2 Y V43
W DKM HFED SNtc DT, BRITIPEERRIN S WD &G mE N5 4 v 2 ) V55U
ZEERSHAEADN S 5 EFZZ Sz, A VR VWD N Y — VITHFEZEDE U B, B
LMo ZEBEZ N, FHIcBRINkEToMmTcRIEYE, E0E, 158, ®BEE, konLoRe
MITH - 12123, WIS N B OISR D T X 5 52N U alfetiiid 3. Thonl &
»o, RREA ¥R v OSETI#ES & TIFEEEZ TP Twa EEbn 20, GRS ERRT T
AT H D SROBETRETDH 5.

ST, IO Karlsbad &EBRIFEiciblid 2 dEE TH 5. —75, BN TOREE THERIFIC
BHEEOLNTOBRRBMOREAFTNTH S E, Na kKRG R>TVEEHRNE L, HHLR
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Th->THOHEEMNDEZZATVWAIREATH » 7z (BERHIRIZW). Licdi->7T, EHEA v rY v
DWMREIEI 2 > TV 2 AREED B 5. SRIOJIBRFEKICIEERS RIELAEEETATVR
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N2A44 9 EEERDHZONE LBV, £, T EOMER T S DOIEHEKIE L 727]
BebE, AT 2 Licky, #R MY vREDHLE R IVE Y SIAE N, TOOHEE DTN
WCRIF LB 6 EZ N BFEMIIAHTH 5.

IR R 252 BT 5 fHIcHm I L 7@k E ] - Y BANCIA L2 & 2 A, 4 HORE
TIIZENERMBEE BTG EE L L S oo, TR 2HIZREMPEDT ~ o — VIREEARE WD T
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RLTHBD, 4R KT BB L o2 (4 v 2 ) YIRS SRE S N2 2D), LD
DisnA v 2 v OWETIEEERTDIC T2 ENTEL LI EBEZLND. FEE
4 v 2 VR A R 45O HOMA-IRI B IR TEETH - 72 2 flclrdEES TV
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