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ABSTRACT

We have investigated the characteristics of autonomic cardiovascular regulation to bathing
and post-exercise bathing (40 degrees C, 20min) in healthy middle-aged and older men
(MO, 55 + 10 years, range: 40-71 years) compared with that in young men (Y, 22 + 3
years). During bathing, heart rate (HR) of MO and Y were similarly increased, and were
parallel to the decreases of heart rate variability (logHF, vagal modulation) and
spontaneous cardiac baroreflex sensitivity (logSBRS). The systolic blood pressure (SBP)
in MO temporarily increased at the beginning of bathing, and then significantly decreased in
the last phase of bathing as well as Y. The MO also showed significant decrease in SBP and
diastolic blood pressure (DBP) at the beginning of the recovery phase after post-exercise
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bathing. In both groups, stroke volume (SV) and cardiac output (CO) significantly

increased, and total peripheral resistance (TPR) significantly decreased in both bathing

trials. However, TPR in MO was greater, and dilation of carotid artery diameter (systolic -

diastolic) was smaller than those in Y. From these results, it was suggested that bathing

attenuates spontaneous cardiac baroreflex sensitivity, and affects the regulation of

fluctuations in blood pressure response in MO. Furthermore, greater attenuation of the

sensitivity observed during post-exercise bathing in MO seemed to affect the blood pressure

regulation in after-bath recovery phase.
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1. XBRAE

1.1 HWERE

PERE IRELEER 784 (F#224+28
K) BIUREERET 4L L (FlHs48+
99/ SEHHA0-TIE). EFEEHOHFRIIITIIL
4.8cm, {FEIF76.4+10.0kg TH o7z, /2,
HWELEHOHREIX171.2+7.8cm, AHEIZT70.2 +
10.7kg THo 1z, TRNTEHEHIERFEETRL
72, TRTOBBRE IER T, LIS ROER
BERALTWS DWW ol, HEREIIH
LC24 RN O R MBEEEBI D FESE, 73—
B, 724 YEORMBY OB E L. B
FEATIEIL o THERE IR OREM 2 HI L, £
ZINOFEEE 7. '

1. 2 XE&FIE

WERE I, ENT—VH AL FICEELTLS
1000 EOBMNEHIRELZR- 72, BRI
20.1+1.0C, ENOMHFEEIZ784+62%TH
o7z, TOHOEREME, REIREDP D ABT
HEMN (RBHBRAR) BLOHEEOHALES
2T o THOREBIART 5548 GEBIEAR)
D2%MBL L, FhEhnt HEE 2 TR
Torz. WTFNOLEHFIZBWTH ABRTH®R:ZE
HIZKEBH CE M OB R R 2. B,
FHEBFIIATEE 7 V¥ LICEE L2, P8
FHHICOWTIE, BARL 22 ABEEOERSER
INEZHERT 5720, REBRAGBEETL UT-
72, AW, =V A FICRE LA (H
2,196 X 1# 996 X & & 655mm) # H\THrvy, #%
BRE TR A R 5 O ¥ — MEEICE W BB T
207N L7z, KIBAKMIZIRE & L7, KR
13398+ 03CTHo7z. EHHRABICBITHE
ik, HEHRI LV TA— ¥ ZHW2045BOE
WHAMLES) L L, AWIRE XHEER&S O
(220-4¢ i) @60 %5RE (60%HR,,) & L7-.
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1. 3 HEEE

WEHE &, % (heart rate; HR), /L%
ZE) L ) RO DR EMBIEE  (heart rate
variability with vagal modulation), — [El#fH &
(stroke volume; SV), /L& (cardiac output;
CO), SHFRIMERE (carotid artery diameter), Ifil
J+ (systolic blood pressure; SBP, diastolic blood
pressure; DBP) , JE &% 7 #F KK &% & % %
(spontaneous cardiac baroreflex sensitivity; SBRS)
'

HR, GERZEICL Y WE L. Ed, §
NTORHH TCMSFHEIZ X Z 0B E T L X
MY —%iE (727 7EF, AU-10101) (ZTE=%
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(ADInstruments, PowerLab / 8sp) & {2 541 7
I (ADInstruments, Chart v 3.4.6 for Windows) %
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YL, N—=VFNarVa—F i THEELT.
RBRIA T4 TRE7— ) TEBRIZE S0
HEBFH 217, HRVOIRETH 5 58k HE
B (HF; 0.15-04Hz) o7 —%8 B L7z &5
12, TOEEEHEIED -0 BRI L
7z (log HF). 738, —HRSEE X UNEREIC
Lo TOHEBDPHEEZZ T 5V XS, LIHEE
T DI & 70 BRI IR 2 2 b —
LS X BIPIRFE & 70, IREAH 150, 45
(0.25Hz) 1% % & 5 ICHE L7z, HRV OMAFIL,
ke L ToLES L ABO5~104, 10~ 15
SOIXEEFHRE L7

SVBLUCOIE, BHEWLHRELE (Aloka
SSD-870) &AWV /:ME— FLTa—@gIl Tk
LRELEDEENEEIOHEE L., Tiabb,
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Jﬂ\iﬁ)ﬂlfﬁiﬁ*;ﬁﬂ% (left ventricular end systolic
diameter; LVESD) B X LR KB E (left
ventricular end diastolic diameter; LVEDD) % flj5&
L7z, Z0OF, 25Hz DT &2 H3»HHE 4N
Ml EA#EICH T, BE— FEBREHEELZIH
ME— FEfg% sk L 7. PC_ETHEIZMHITY 7
F (NIH Image verl.62) # AW T b h 7
LVESD & LVEDD i 5 SV EZHH L, HR &
DFEECOL L. Bl (1E) EEAR

SEZBWTIEF2HE L. ARROHIE,

AB 15578 6 20 5D TRV Tl L7z,

SBP & DBP &, #ERZ QK LRI H 7 %%
, 7AhuA FRILEFEAVAEZEICL 5T
#lE L7z, Be b, ARER (BX2150W),
AWI50H, ANERTER (BX2100R) B
SUPABRTSHBRICHEL . B5N/-SBPB
X U'DBP OfEi A 5 F3IMH (mean blood pressure
= (SBP-DBP) /3 +DBP; MBP ) %##H L7z, ¥
7z, MBP % CO Tk L Ta&KM MKt (TPR)
Rz,

SHBH AR M F 12 E LW EE (SonoSite
180PLUS) % FIV»C, AT % A SABIAR O E
IKHT, BE— FEEZEHL, HBONHGE
PC _LCHlj{&fi#sr> 7 b (NIH Image verl.62) %
TaH L7z, ASHEIIRS & UFLSBAR & D457
B2 58 lem DM ET3ET 4 #IRL, AO=E
DIFRAKEA & YU AR D F NN DO FAE T M EE
ZWIE L7z, £/, BrARckHR & Uk o2 % R
iz, fEiE, S5HTOIEHOFEEE L.

SBRS 1 3 — 7 . > A (sequence method) 2 3 11)

EHATIHI L OLERRR HFE & SBPENZ
B LHEE L. 1AL OSBPOHIEX, dEik
IMAERE2EE (Ohmeda Finapres 2300) # Fiv» T
AFRRIC f@mtt AN 34A 2L L SBP i
BEAF-IETR [ % % RR [ F§ DZBY 7 H
Lhb R4 (segment) zRIEL, ThEhoRX
SIZBAMEREO Oy S EREROEX

%k 7. HRV & FIR IR ET 24T - 7o fE b
TOREES M EABFDS~ 1058, 10~155D3
XEEZSHOHRE L, TNERDOSFXMETH
SN E DFHEE SBRSDIRIZEL L7z, 2B,
ERLETE7-DICEL HARGEERL 72 (log
SBRS).
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BT B ABEFBOED X UEREER O =
% Student-t 7 A M X DARE L7z, RIS %K
WEAERE L.

2. f& R

2. 1 a8 (HR) OZfk

LEFRABIZBIT 5 AKERIZIE, KEAND
BENEIELCRE D BN (10 ~ 2040,74) 2STHERIC
Bwiabhiz (A1), HEERIZ, ABPIC,
ABRTRHRETHE L, PREAFEICBVTD
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FEZFNHRTA o7 (R101REYGEDIE
E22HR). BBEFRORENICBVTIE, HEE
B R THEEEF CRENNED o 72,

HEEBRABICBWTIE, HROBAME D 12124
L<, MBECENALNEA- 72, IMBEORE
I BWTIE, RHRARLFERIC, PREESHE
TEEIED o 7285, HEEFEICBWTHHEY
B IZZEHENORIRICES Zd o 72,

2. 2 DEEXESREE (log HF) OZE(L

DR EMFEGE DHEEE (log HF) 1%, BEE%
B CEHERTFICHRTERICPREEHOLH
%R L7 (P <005 E2). ABKIZIE, 5~
107 &£ 10~ 150D 2 X THlE L 722, w#Hiz
ABOEELEE, BLUOEBRABOTEREEC
BWTHELZH I VAEICEWEIR I (P
<005, P<001). F7z, EHEABOMEREIC
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1 Changes in heartrate (HR) during rest on land, bathing (0-20min) and recovery onland (20-25min) inR-B (left )
and EX-B (right ) trials. R-B indicates bathing trial after rest, and EX-B indicates bathing trial after endurance
exercise (60%HRmax intensity). Y indicates the young group, and MO indicates the middle-aged and older group.
The symbols A and & (entry) show the immediate data at the beginning of bathing. The symbols  and 4 (Rest)
show the resting values on land. The symbols [ ] and Bl show the immediate data at the end of exercise. Values are
mean &= SD.  Linear regression was used to calculate the slope of HR changes.
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[] 2 Comparison of logarithmic indicators for vagal-
modulation in HR (log HF) between young (Y;
control) and middle-aged and older (MO) during
rest, 5-10 min and 10-15 min of bathing in R-B and
EX-B trials. Definitions of R-B and EX-B are shown
in Figure 1. Values are mean £ SD. Significant
differences; § §: P <(.01 between MO and Y group.
v P < 0.05, r*¥*: P < 0.01 vs rest value. a*: P < (.05,
a**; P < (.01 between R-B (5-10) and R-B (10-15)
values in the same group. A*: P < (.05 between R-B
(5-10) and EX-B (5-10) values in the same group.
B#*: P < (.05 between R-B (10-15) and EX-B (10-
15) values in the same group.

BT, 5~107KMIZHTI0~ 155X HEO
HHEEIZEL LD (P<0.05P<0.01), Aigh
RS IZPE ) log HE DIKT 2YEEE a7z, &KRf
Al EBHRABEOHLBICBWTIE, HEEHRF
@@ﬁ%kmﬁﬁﬁ&ﬁﬁ(P<&%)%ELt

, WEEZBTEEN Loz, TREDAR
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MEREOPBREFEA BT 5 MFEEE 33
BIUH4IRL. F/, EHBOFHMICE
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SUFIZBWTH Y (SBP), #i5R# (DBP)
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4 Changes in blood pressure (SBP, DBP) in middle-aged and older subjects during rest on land, bathing (0,
15min) and recovery on land (0,5 min) inR-B (left ) and EX-B (right ) trials.
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1 Comparison of systolic (SBP) and diastolic (DBP) blood pressure responses
between young (Y;control) and middle-aged and older (MO) in R-B and EX-B trials.

Rest on land Post exercise Bathing Recovery on land
0 15 (min) 0 5 (min)
MO 114.5 - 122.8 105.5% 109.3 2 115.5 ™
' +82 +13.1 +11.1% +6.8 +86¢
R-B
Y 1105 - 111.8 102.8#** 106.8 111.0
SBP +16.0 +124 +13.7 +139 +15.6
(mmHg) MO 1188 1350 ™" 132.8™ 109.3 &** 99.3 " a**  116.0%™
' + 72 +12.6 +9.3A" + 14.0 + 1320 A% 4 gge™
EX-B §
Y 110.0 149.0™ 124.37 105.3 #** 103.32" 108.8 2™
+12.5 +17.8 +1364" +14.6 +15.7 +121
MO 74.0 — 76.5 64.3™ 69.5 " 713"
+6.4 +901 +9.92 +98 +6.2
R-B §8§ §§ §8§ §§
Y 68.8 - 56.5 ™" 420 438" 59.0 ™
DBP +9.8 +7.7 + 59" +652" +139¢
(mmHg) MO 82.0 80.5 750 ™ 65.8 ™" 64.3 ™" 72.0 " b*
+6.3 +98 +8.1 +13.0%" + 106 4" A +68¢"
EX-B § §§ §§ §§ §§ §§
b d 60.8 57.0 51.3 43.8* 383 51.3°b*
+12.9 +55 +96 +3.6 +6.54" +94¢

Values are mean + SD. Significant differences; §: P < 0.05,§ § : P < 0.01 between MO and Y groups. r: P < 0.05, r**: P < 0.01
vs rest value. a*: P < (.05, a**: P < (.01 vs bathing-0 value. b*: P < 0.05, b**: P < 0.01 vs bathing-15 value. c*: P < (.05, c**: P <
0.01 vs recovery-0 value. A*: P < 0.05, A**: P < (.01 between R-B and EX-B trials with the same time course in the same group.

BICSHIZET LAY (P<0.01), 545%&ICIZE
WDk ETEHEICR o 7.

PEFEEFHDODBPIE, KHRABICIBITSA
W67 EEREL DR R o7 (P<
0.05). —7, HHEBHODBPIXABERDHOD
ETAALN, BEEEEICIENT, FRICEVE
ZRlL7z (P<0.01). BHEZEHODBPIIAGE
B SEES A% E TCOTRTOWERSATHE
EEBRIDAEEIEK» o7 (P <005 P<0.01).
EFRABICB VTS, WERELE D ABHHIC
BHBEAB L AREOFERETSALNL (P
<001). HBEZEICBVTIR, EBHEABON
25, WEBRABICHART, HBERICAERIEY
fix/RL7 (P<0.05). #HHEZFHODBPIE, &
BBRABICBVWTH FER A THEFEERICL
NTHBEIEWELZ/RL7: (P<0.05P<0.01).

2. 4 @AEE SV, CO) t&RMMEER
# (TPR) DAL |
Be L o—RALE (SV) &, HEERH
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CHRTHREZHROTVABIE2 o7 (P<
0.01, ®5). ABROFFEFFOSVIX, ZHFHEA
HCRELEZEICHERTERE (P<0.05) IXE\WE
EaRLlz, —F, PEEEHTIEIMART, BEL
TEHCHRTHE (P<0.01) 2@ EERL7z.
SV #ll @k HR & F v CHM L 720 dathE (CO)
&, SV ERMRGMmERL, B ETHRRICIEES
FEEWOS VP EEZFTIHRTHEREIIRSL
(P <001), AHRFICIILHERS X UEBHHRICAH
bbb, BELEEEHLDABRICEWEIRSN
(P<0.01).

SV #ll g R D2k M EHKPL (TPR) %, F¥
MFE (MBP) % COTHRL TRDIz, B LLolik:
BIXUZEABRIZIBWTTPRIE, EHEZFHICK
RTHHEERTEREIBWEERLE (P<
0.01). A#EEICIZ, MEDCET & CO DA AH
F o TTPREFEICEHA L (P<0.01), WiEHHE
B L UM ABRYE & b LRI TRl
mEN. T2, ABEREOENIZK BETOZE
EE Ry (RS



W MO

3120" . ‘D Y
EI 88 & " .
& %1

20

0 T T 1
E loq ELd ik
E g+ §8 #% -
=
St 6..
g

2

G T T L
D100+
:5100 o §8 88
= 801 *a »
~ 50
& 401
z 20-

0 L T 1
E 401
3w §§ §§ 5
I - *E Ll
E 2 % s
-g 104 -_L‘
0 o
& 04 T T 1

Rest on Land R-B (15) EX-B (15)

5 Comparisons of stroke volume (SV) , cardiac
output (CO) , mean blood pressure (MBP)
and total peripheral resistance between young
(Y; control) and middle-aged and older (MO)
during rest, and at 15 min of bathing.
Definitions of R-B and EX-B are shown in
Figure 1. Values are mean + SD. Significant
differences; § §: P < 0.01 between MO and Y
group. *: P < 0.05, ¥*: P < 0.01 vs rest value.

2. 5 SEEROEZROZEIE

RHHRAB O NG EBLICIIFERE & b LR
ST, FRCIBHNLEREI WAL (P
<0.01, &2). F/-, FEEFEIIBVTIE, I
RIAMEREDARICHEAL TV (P<005). %
D7z¥, HEEZ BT S HEIR L E OJLESE
(IR A M A — R A AR) 1%, PR L2oifl
CEDFLRPoTN, EEBHTRARICL > T

—_
o.
|

= ' m MO
£
€05 8§ §§ oo 88 sg - OY
S a' A 58
5064
(=]
>
204
<L
T
202
3]
Q
0.0

Rest = R-B(O) R-B(5  EX-BO) EX-B(S)

F16 Comparison of carotid artery dilation (systole
diameter — diastole diameter) between young
(Y; control) and middle-aged and older (MO)
during rest and bathing (0, 15min) in R-B and
EX-B trials. Definitions of R-B or EX-B are
shown in Figure 1. Values are mean + SD.
Significant differences; § §: P < 0.01 between
MO and Y groups. r**: P < (.01 vs rest value.
a®* P < (.01 vs values. A*: P < (.05 betweens
R-B (0) and EX-B (0) values in the same
group.

EEFAEICHEALL (P<001, E6). LaL,
TOHEEFIBIT AR, ABI5EICEE
BIETL (P<005), RHHFLZDLR VLNV
I CREo 7. EEBAGRIE, FEEEHOIL
MM EEFABERICERTERECRS L
(P<0.05 %2). ¥/, BELRE, REHHEAR,
EERABDOTXTOUERMFIC BN THEFESE
BIHEELTF IR THRIVEVILE LIRS 2R
L7 (E6).

2. 6 EZAFRHFBZM (log SBRS) NEAL
EZEEETEZME (log SBRS) 1%, B L4k
i, MABEEOVTIOWUEXMICBWTHE
EHEMOZIIALNT, WML IEHBEABO
10~ 154 KXKHET, 5~10FRBICHRT, FE

#€ 2 Comparison of carotid artery diameter in the systole and diastole phase between
young (Y:control) and middle-aged and older (MO) in R-B and EX-B trials.

Diameter Phase Group Rest R-B (0) R-B (15) EX-B (0) EX-B (15)
Sysiole MO 668065 7070687 6914066 705076  6.85+0.70%
Y. 6.46 +0.72 6.75+0.60™" 6.84+063™ 6.61+051 6.74 +0.73
- MO 6.36 + 0.64 6.76 £ 0.63™ 6.61+0.63 6.79 +0.76 6.62 £ 0.67
Diastole 8 §
X 5.93+0.74 598 + 0.61 6.20 +0.61™ 2" 597 + 049 6.08 + 0.67

Values are mean = SD. Significant differences; § : P < 0.05 between MO and Y groups. r": P < 0.05, r™*: P < 0.01 vs rest value. a":
P<0.05vsR-B (0) value.b™: P<0.05vs EX-B (0) value.
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WEWEEZRLZ (P<0.05P<001,H7). F7z,
HEE) R A T AE R & b LTI T
10~ 15K THBICEVEZRL (P<0.05),
LI, WEEEHTIRS~100KMIZBWTD
FEIEWEI RO (P<0.05). ABEHET
WS 5 L, MERTFL D EHERARIZITE
BBAB CTHEICEWELZRLZ (P<0.05 P<
0.01). T %&bbH, MERHREE S EEHHEABRIC
BEZBFIRGTRZEIMET 52 L 2R L7

4-
B vo
0y

i

Rest B(5-10}  R-B(10-1%) EXB(51U) EXBIO]S

log SBRS

7 Comparison of logarithmic indicators for
spontaneous cardiac baroreflex sensitivity (log
SBRS) between young (Y; control) and
middle-aged and older (MO) during rest, 5-
10 min and 10-15 min of bathing in R-B and
EX-B trials. Definitions of R-B and EX-B are
shown in Figure 1. Values are mean *+ SD.
Significant differences; r*: P < 0.05 vs rest
value. a*: P < 0.05 between R-B (5-10) and
R-B (10-15) values in the same group. A*: P
< 0.05, A*¥*: P < 0.01 between R-B (5-10)
and EX-B (5-10) values in the same group.
B*: P < 0.05 between R-B (10-15) and EX-B
(10-15) values in the same group.
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