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Effects of the water pressure for the blood pressure in water immersion
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ABSTRACT

It is known that venous return is increased by water pressure, and water pressure is
increased by +7.6 mmHg per 10 cm of depth. Recent reports show that regular
underwater exercise decreases blood pressure. However, no report has appeared
concerning changes induced in blood prssure or venous Kinetics in the relevant muscle
when hypertension patients in water immersion. Therefore, the purpose of the present
study is to observe changes in the blood pressure and the intramuscular oxygen
hemodynamics in water immersion. After the sensor of a laser tissue blood-oxygen
monitor was installed over the right vastus medialis muscle of 20 subjects, tissue oxygen
saturation (StO:) level, tissue hemoglobin (HbT) level, tissue deoxygenated hemoglobin
(HbD) level, and tissue oxygenated hemoglobin (HbO:) level were measured.
Measurements were made under each of 2 conditions: sitting on the ground, standing in
water up to the xiphoid level process positions. An equilibration period was allowed for
each subject, and measurements were taken only after heart rate stabilized (£1) for 30
sec. In both nomal group and with hypertension group, the heart rate while standing in
water up to the xiphoid position was significantly lower than that sitting on the ground
(p<0.01). Blood pressure while standing in water up to the xiphoid position of
hypertension group (SBP; 133.7£17.3 / DBP; 71.5£10.6 mmHg) was significantly lower
than that sitting on the ground (152.2%16.1 / 88.4£11.0 mmHg) (p<0.01). The HbD in
the vastus medialis muscle at right might reflect the variation in venous return with water
pressure . The StO: level can be calculated from the ratio of tissue oxygenated
hemoglobin level / tissue hemoglobin level. The StO: level appeared to increase due to
the decrease the HbD in femoral blood hemodynamics because the changes in water
pressure increased the venous return. Decreased heart rate increases the cardiac stroke
volume due to increased the venous return, suggesting that both nomral group and
hypertension group also show the same reactions.
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Table. 1 Physical characteristics of the subjects

ZRL7E (p<0.01), —FH. 5

Hypertension group
(8 male, 1 female)

Normal group
(6 male,S female)

MUERFD K7 A7 1384.3+12.9

TH . Mat EAERISAKHIL

*Systolic blood pressure (Z140mmHg) (<140mmHg) S B LT .
(mmHg) 152.2+16.1%* 126.6£10.1 BLAHEAE & L 7 (p<0.01):
- B2, Kb O EEHEES
-Diastolic blood pressure (290mmHg) (<90mmHg) ~
(mmHg) 88.4£11.0%* 79.0+£7.2 MERIZ I 5 BN IZ MG
-Age (years) 5424175 ** 302+15.6 EEBEZEIT L, 572 (Fig.
-Height (cm) 159.8+5.3 165.5£8.5 1)o HbODZEBZ, EFHEFD
-Weight (kg) 61.08.0 61.9%£10.5 I%J:}iﬁij) fE2100& L 73
&, Arh713102.5+83ThH
-%Fat (%) 19.9+2.5 20.4+5.9

D, WEICHI LAERAZR

Values are means and S.D.

**; p<0.01 vs. hypertension group and normal group
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Table. 2 Relationship between blood pressure in sitting position on the ground and in standing position in
xiphoid level water in the normal group.

Sitting position Standing position
on the ground in xiphoid level water
Sex Age HR Systolic Diastolic HR Systolic Diastolic
(Male/Female)  (yr) | (beats/min) blood pressure blood pressure | (beats/min) blood pressure blood pressure
(mmHg) (mmHg) (mmHg) (mmHg)
O.K. F 60 66 135 68 61 110 60
Y.Y. M 55 70 139 87 66 128 80
M.NO. M 4 69 124 77 61 106 60
AK F 29 85 130 84 74 124 77
KM. F 26 64 114 77 S8 113 66
S.C. F 25 69 114 72 63 104 60
M F 22 89 110 70 71 109 65
KTA. M 20 98 125 83 72 109 61
K.T. M 19 80 132 76 70 122 73
T.T. M 16 75 138 87 68 116 62
K.U. M 16 55 132 88 52 115 52
30.2k15.6( 74.5+124 126.6*10.1 79.0+=7.2 65.1+6.7" 1142:+7.7"  65.1+8.4"

Values are means and S.D., .

**: p<0.01 vs. on the ground and in the water

Table. 3 Relationship between blood pressure in sitting position on the ground and in standing position in
xiphoid level water in the hypertension group.

_ Sitting position Standing position
(n=9) on the ground in xiphoid level water
Sex Age HR Systolic Diastolic HR Systolic Diastolic
(Male/Female)  (yr) | (beats/min) blood pressure blood pressure | (beats/min) blood pressure blood pressure
(mmHg) (mmHg) (mmHg) (mmHg)
M.M. M 77 85 162 82 83 152 81
M.S. M 73 66 157 67 66 140 57
H.T. M 64 75 156 81 71 124 70
H.Y. F 55 81 144 84 67 120 68
N.T. M 53 78 136 97 88 132 78
M.N. M 52 88 146 92 82 116 63
T.TA. M 52 52 188 99 44 167 75
O.A. M 45 90 142 102 82 136 90
M.H. M 17 76 139 92 61 116 61
54.2+17.5 76.8+11.8 152.2%+16.1 88.4+11.0 71.6+13.9" 133.7£17.3"® 71.5+10.6"

Values are means and S.D., .

*; p<0.05, **; p<0.01 vs. on the ground and in the water

$; p<0.01 vs. normal group(table. 2) and hypertension group
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Fig.1 Changes in deoxygenated hemoglobin (HbD)
levels in various positions Values are means
and S.D., **; p<0.01 vs. .on the ground and in
the water.
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Fig. 2 Changes in oxygenated hemoglobin (HbO2 )
levels in various positions Values are means
and S.D. , ns; not significant vs. on the ground
and in the water.
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Fig. 3 Changes in total hemoglobin (HbT ) levels in
various positions Values are means and S.D. ,
ns; not significant vs. on the ground and in the
water.
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Fig. 4 Changes in tissue oxygen saturation (St02)
levels in various positions Values are means
and S.D. , **; p<0.01 vs. .on the ground and in
the water.

WM& ICiET PERRER L » 572, —F . BIIE
BEOKPIAII95.7182TH 0. WHICHE LA
BAaZR A, o7z, BiZ, KPIMOEHERLE
MHEFIZ BT SHEAIC S Et LARAZER hh >
7= (Fig. 3). StO-DZEENI, IEHBFOE LA D



E%100& U 722354, KPILfiid105.7£3.6TH D,
WAt EERICAKP IR ABEERL 72 (p<0.01),
—h. BIMEROAKPIAIX107.5E54TH D,
fat EERICKRPIIMAEMEESR L2 (p<0.01),
SHIC, KA O IEFRE & BIERC fo 1 B BER
ICI3MET EER e EIE a5 72 (Fig. 4),

3. % =

BE_ b TR EE L B L H100mmHgD &R KT
ZREEIOME THE ORIZAE T, Mk T
ANLBFET B, THOBRICEHSE L 21k,
BiREFAHEETS 225D, 1 RABED WY
TROMEEDOEA #5|EZ L, MEDKT %
<, MEN—FBLALLDETT 3 &+5 k0%
MFEEAERTIIERTEEL ED -0, HiE
TREEIER Y 3 MEE T O IEERF RIS HHE
HA¥+3Z&iznsr?, MEZ. OfEE (1@
FAHEXOIE) LARMOLEEICEDIEE R
3, PIEILBIZL > TIEMET T % L BIRA
DIEREwRPHHI S, REARRBER LD,
SRR O B OF L IUHERRAME D £ 2 7 3L 2 28
BAL, DHEAEALT1IHIAHERORE &4
W, ILE 2SGHE U ORI LR UL
DOEHA (EHE) #8726F, 20X BHENE
BB\ 2 ERFAMBE ST, BETAEET 3 ARIC
filidb - @ISR Th D, BE L MEATEET
bBrLEILNDY, ZO KD MEFLEREL
/2, HAZESRD O, FHCAKPBRBEISEET 57
HORFMEHL NIV R LEAOND, £
2T, Bxlk, BREOOHESEERL, 300
Bt 1 DRIKESE & > TOKPREERET2EL
L7z, Z LT, ZOOAEEICHS MEEOW %
BIZ L. FRCTRXO PO MR EhiE % 815§
3ZLiZkD, TOBFEEBRETL 2,

F 7z, ERIHRSHERORZEIZL D, KR
B & UBIEFIREE RO Bk  JIE AR L %
D, iz, "B yoBRE-HERRLIRED
ZALICBE T 2 IR BA L PSR AL E e, W

REE - KR - AR HFR - NE - BB - ED

KOPDOEBOREE» ORELREIFEh DB
K T h->TESY, KR, AR TS L —
W — MR R T = % — 5 58 5 1 7-HbDDf#
RO BRI R % . HbO:DfE I3 kD
BRHBR*ZITHEL ShTwse», 2L T,
HbD L HbO:% 7= L 7= dAHLTE LTHRK L h,
XY — B OGBSO KR EETHIEL 2h
Twb, StO: &, HbO. /HbTTEM Xh, HD
MBOBRRHMORELLRTHEEE I TV,
Lo L, —fiiciz, v — ¥ —/SnnmRRE =
H—bTF— 2 kBT 256, ARIHROER
B TOBMERR E EICARHEERNEZ N Lo
5, BERETHRTIORELVWE IR TN
89 F 2T, AFEIZEWNTIR., BELETORAEL
HAEEITKREME % B L 7=,

/2, ZhET, L E2RKIELGE, &8
REDEEAEZERBETIIKMAE—BIZLED, &
Bk ORI BT 4 D4 B SR D
T <, HIERHE—BICT A ERARS N,
DR MFEOEB I DWW TH— L 7R 4
o fsenw 22T KR TIE, £&MC
B 5 RKEHED T — % DFEAED %308 DL
BoO®RE (£1) #HRIZIT 7%,

TOMR, WHFE &2, KPR LMK D
WA & DHERAINLE & OER B O B 4K T A3

BENTz, ZLT, ZOEO THEMHICKET S
HRRIMRBRED A B Tl AR O BRI & &
KBt L T A HbDO WA MR X iz, RIS, 0
HHOEBDORERIT. BARFIZ» 2 B KEDHED
Z{bick D, THOHbD KA La T, e
NOFIROEF AL, ZhiomiESH
MEEHER, DHEBEY LD TR BV, E
Eiohlz, ThoDBERIE. HEROFELOR
HL—HTEHLEDTH DAY, XKIZ. HbO.DZEH)
. BRBCEVWTHEBRAZRFE LA,
ZORRED, KFERIZE T B KEDTRE TIE.
IS OBRBEOENI & 2 HHMOBREERICIE
HERNEL - b o7z, £72, HHTOZE
i3, HbO: DERBAEH R L h - 7728, HbD



RKEEDMEICRIE T KEDE

OEEHERMLTHEFERE L > TV, ZLT,
StONEEZ. HbO: ICHELEIZA» > 208
g AR U, i, HbTASEAMERNIC & - 7272
B, ANIZStOBNHML 2072 EL 5,
7z, KR OIE G, BEEREA & b & {EEE
ML enb, ZOKREDEEH TREO M
P BRENSHEZEOBEHABER L. FIROFHER
O¥ME & 76 LEER, BRZO MR AAHM
U, b=V Gr ko P e OV 0 7 i ke £ i %
BT537 0 E¥AF VvV IRRERE»SDT L
FAFaryORwaERlLz2 ok, MEH
PERAEMICE D . 2 DI & - T ORI
AW LR, MEMEKEEZRL 20T xR
[RVIPSE o (AR R 3 2y § | N
LMEBNHBHOMEE LELb - Bbh3,
B, DGR O R & KBk o
(V77477 R) I, PRI 32K
DIEBIIC K >TEGERBZ R 69, LR
WIMEIC B WT, BIMER S EHEBFEORREE
B ol eid, LEEDHRAXFHETSDT
FhnwhrkBbhiz, 72, EEEESMERFR
DFFHRIMRBIREDEL/ S8 — VY ItB W TIAER
BENLEP - L, BIMEHOMEESFRIC
BTLZZLaERL, KPBRETOREMIHE
REhrz, BiZ. AREEKGEEOKETHH
L DRI L. 2RO iEE & w3
BT Ehbirot,

4. % & O

AFR T, BKEOBEAEZORIGAEET S
7= OB A BIE L. RKRO RAKSE % 308
FLER L 7RO I K O AR MR B R & B L
MEIZRIFTKEDHEERI L, £/, BEL
TOLRERENIFOME4FI1C, SMER (I
I E ; 140mmHg= and or #LE B I E ;
90mmHg=) & FEHH (IN#&EMHME ;
140mmHg < and $#EFEHIIE ; 90mmHg<) 24}
OB ARG L2, BIERE, B8 A - K

P14 ATE~776K | F1954.2217.558, IEH
M/E : 152.2+16.1lmmHg, #EME : 88.4+
11.0mmHg) D&t 9 4. EE#IE. BHE6 L - &
Y5 % (165 ~605% : F-3930.2£15.65%, IUHHEI ML
FE : 126.6%+10.1mmHg, #L3EBMLE © 79.0+
7.2mmHg) DF11ETH -7, BlESRMEE LT,
B b comEn (BE_EEER) &K TORMRZER
KRELVRUTOSA (R & L7z, ElE
BHROCEERHIIBNT, ZORZGToOOME.
ME, L —¥—MMasEe =5 - 2H07/H
MR MEERE 2 B L, ITOMRE/-,

1. DHOEEHIZB T, BIUEHXCIEERI
AKeparfriaipe BRI & D | AT EHEICKEZ
ZT—\‘ I/ 7": (p<0.01) o

2. MEDEFZB T, KL AEEO &I ER
D UFERAIMLE 13133.7+£17.3mmHg. $EIRHILT
1371.5+£10.6mmHg & #idt FARICE@ AR L
7z (p<0.01), F7=, K AROEFHFON
FEHIMLE 13114.2+7. 7mmHg. #L5E#I0E 12
65.1x8.4mmHg & #at EERICEMAE R L =
(p<0.01) . iz, BE_LEEA TIEFERICENED
5N HEEHIIUTEIC 50T, AP AR T
HECABLEZNBO O e, -7z,

3. HbDOEEIZBWT, BIMERR O EERFIT
KRepsr i AEE_ LA & D, #Et LA RICIKE
AU (p<0.01), 72, MEBIZH VT,
WEt EERAZLED SN -T2,

4, StODEHIZHBNT, GMERKCEHERT
AR srf ke R & O | fRET EAERICEVE
EmL77 (p<0.01), F7-, WEEEIZHB VT,
Wt EARBAEEIRBD o hkhr o7z,

UEOKR»S, GEEREFTEETH -
TE., DWEBELZRICANSZ LIZLD, BK
FRICIMENBAD T 5 2 & BRI -, B2, 5



MM TEBIE OB H & KED BRI & 55
BRREOBERZOEROD 1 DOTHEIENELD
hi=,

O

FERAZBIZH D, HkEOMR KO ERYE
1Ny S O GRYAL ARV L 52 7l TN e iy s A I
B L E T, 2 UT, EEREMBIL CWORZ
Wis (Bk) A A H Y — T ORBER T EAR &
WL Ed, RRIE, BELEREREEENE
BB FT D 20034F BRI & - TERE L
77o

X K

D REAZE, ZHBC, PR Z, $iAMME ; THEARBT
BRI & 2 1B MR O F-l, ISHEBF LA KT
#,30.1, 14-21, (1992)

2) Anderson, J. V., Millar, N. D., O'hare, J. P., Mackenzie, J.
C., Corrall, R. J. M. and Bloom, S. R. ; Atrial natriuretic
peptide : Physiological release associate with natruiresis
during water immersion in man, Clin. Sci, 71, 319-322,
(1986)

3) Arborelius, M. JR, Ballding,U.I., Lilja, B. and Lundgren,
C.E.G. ; Hemodynamic changes in man during
immersion with the head above water , Aerospace Med,
43,(6), 592-598,(1972)

4) Cohen, R, Bell, W.H., Saltzman, HA. and Kylstra, J.A. ;
Alveolar arterial oxygen pressure difference in man
immersed up to the neck in water, J. Appl. Physiol, 30,
720-723, (1971)

5) BEAREK, HP A, BAESE, KEBR, EREM ; O
e MEICRITTRKEDOHE 59V F A R—-YF}
%#.Vol 17, 3440, (1996)

6) BERE S, EATVERE R, RE1ERMEEE RO
MUE, OHUSE K OSBRI o KT R2, 3480
HAGHEER T, kIFE, 42, 6,795, (1993)

7) Hong, S. K., Ceretelli, P., Cruz, J.C. and Rahn, H. ;

Rk - KIB - NK-HF NS - BE -l

Mechanics of respiration during submersion in water, J.
Appl. Physiol, 27, (4), 535-538, (1969)

8) AR T BRFE . BT EN TLH M W FER; R
MoreikE RO 2 BB O IE BRI RE O Sl — B iR
EEEEO KRFEHFIZOWT —, KHIEEE, 41, 586-
594,(1992)

9) AMIRTT AR BF T ME A E R EEER I Ao h
2 AR TOMRLRS - HE/ Y7 v 2 OME,
FleE, 47, 525-534, (1998)

10) Krishna. G. G., Danovitch, G. M. and Sowers, J. R. ;
Catecholamine responses to central volume expansion
produced by head-out water immersion and saline
infusion., J. Clin. Endocrinol. Metab, 56, 998-1002, (1983)

11) Larsen, A. S., Johansen, L.B., Stadeager, C., Warberg,J.,
Christensen, N. J. and Norsk, P. ; Volume-homeostatic
mechanisms in humans during graded water immersion,
J. Appl. Physiol, 77, 2832-2839, (1994)

12) L., B. Rowell : Human circulation-regulation during
physical stress-, Oxford University press, New York, 137-
173, (1986)

13) /NEP S, EHIUE, RFEC ; LA & A7 EFk
HZOKPTER T 1S T LOREMEL LY, FH Vb
2 R — VR, Vol 17, 5361, (1996)

14) /DEFE S, AR OEE) & EBBEE, hF DORE, 50, 510
516, (2000)

15) HBEIIG, RES S HOGE HE  S5BYEICE LK
PEEREO RIT TR — —RIERH e AR -V R
FEFEICB T 2REL 0 — KIBE, 41, 386-392,
(1992)

16) ZHRERHME; KBS 1, L EFEECHE, 25-51,
(1999

17) ERERYR, A A, R BRI SR O BREHR IS5
KA EBIOZIR, Fl iR 18 - BRI, 9, 13-18, (2000)

18) JERERAG, A E b, S 3 KPBRET TOMS N

Py ==V SRBBRERTO ML -2V SEF A
B0, TH v b 2R - VR, 22,193-203,(2001)

19) ZEBERH, AAFEC, FRRESE, SRR - B H
FIZB T BAKPEBONE, ELEER2REIRN,
21, 65-73,(2003)

20) JEUREHHYA, AHELL, BEA =, EREE, KEW, Ik
Bl ZOKE G K % A 72 8KRED 5 - J55RE)
REIZRIT T, MR R EARITA, Vol4, No.1, 11-18,
(2003)



