BEEEE HLVIDLERERE L EREEREEDS
HAZ V. Zhd AOESHEOMERBRECERED
BMcEad0rEZLNESD. Thbh, BEEHNU AN
PLEEBEOEBENAND ) NEfToTRRBELTWAT
FTR, UNBELL TR RARICEALLZDOTH
5.

EREENDHLHEIE BENVNOFITT 2 RE
Xl TiREbR. k2T, EREREHEICEYE
LAREEEH LT 256, EEEEOH R EREELLA
EDLDIHENEST ANV FLERICE EDELEDNDH
b, RETHBY.

4, REBRAT-UHPS5OE

BEHZTF -V oALEER CEYNOEER,
EHEIY N - EEEY N - R NSV X ICaER
CTEXYH. LAaL, 2HEH - mEY - R OER
i, EBBEICIVRLS. FIAE BEFINMNIBNT
DB L, BEBRNRY FY A FUNZREBEL TS
5, BEHETFICZ15~30FIE ERNTINETOIBRAT
lc T, EEHY N UNETONEIFLE S
N, EEHLVIIRRICASL L) CRZET, MR
HEHHVIIHERICATHSLEV) EHICEHEL T
5.

52, UNOESENEERAA T -V TRLZHIL
LEETHL. LRI NEFICENL LHEEBRET
HECEGTREXEZRLTOR, SHBOEHOL
By ATIRR L, BEHACEINTHSLIEPFHEHL,IC
ZoTwadY. Thbb, YNOREHDP SO ADMHT
nTwa, BCEHMIICREENTEDDIITO R
, BYZRBEOYNEBYZREHIT) 2 LAEDHT
EELDTH B,

5 47 AF=I 5 DE

FA4TRATF—=IHobARIHEE BEFHNIN, HEH
U, BEYN, HEHINEVWD LIIHETE L
3. B NTIE, Fe LT BERZEOREPHEE
WEIROBREZ ), BEEhomERRYT. BE)
NTid, BENFRO-OERECKAREEVBEHES
TEEXBETL (BERE BEIMK BEHoEA,
REER, BHIEE). HFEW) TR, OHFICRER
EDHLREIINLT, ANEKFRLAHEROREHT
2175, AEmU NG, BEN, BEBITHERNI

BALE) NEY F—V a v EEE DRBYNEYFT—2 3> (JCR)

DOEBEVPHBICETT S LI, BEHEGRHEELH
SHURRETH-DDOHF—E XA TH LY.

FEd

LREBOBEVEFEBELETALE V) EBET,
NZibhwEb Sl ahTns. EEE
EORBRICBIT A LKMERE) N, £HELHTEN
Kb EaRED[IDTHS. AERNINZINTSUT T
LORILEESLT, FoARAUN— BERE HBE
WRF—Y, S4A7A7—JVOEPHLERINRITN
o, UNAREBRZIOL) REREED) NS
EbrABLBBREYETOILENDHHELDBIZ, $LD
INBEERERCMS T L OEENTTITERILL-T
(5. FEC, SHLEEADORBEICID ML, FrHEE -
BEN - AR ELICBNNZ2BEZEOF LT
TIh - VAFLADEREIT ) LENHA .

X

1) BEE¥@E+r— 2 ~— : Available from
http://www.mhlw.go.jp/toukei/saikin/hw/shintai/06/
di/01.pdf

2) BRBHBODUEBRIBTINA FT 4 > 2006 FE
SRMERSE. COERBIIBIZINEYF—-Y 3 Y
BT AFA K54 (2007 FEHETRR) available from
http//www j-circ.or.jp/guideline/pdf/JCS2007_nohara_
h.pdf

3) Wenger NK et al : Cardiac Rehabilitation. Clinical
Practice Guideline No 17. AHCPR Publication. No 96—
0672, pp1-26, 1995

4) American College of Cardiology : American Heart
Association Task Force on Practice Guidelines ;
Canadian Cardiovascular Society. ACC/AHA guidelines
for the management of patients with ST-elevation
myocardial infarction : a report of the American
College of Cardiology/American Heart Association
Task Force on Practice Guidelines. Circulation 110 :
e82-292, 2004

5 LFAHE: HEFH#RE: LHEEINEYTF—T a3 >
Update. JJRM 44 : 606-612, 2007

6) TFE— BEZELYNE)T-Tar "AMINE
Vr—vavESE H3W FRE—- Bl EEEH
k&, pp3-46, 2007

7) Kohzuki M : Cardiac rehabilitation in Japan :
prevalence, safety and future plans. ] HK Coll Cardiol
14 : 43-45, 2006

EI5EE 1S 20105 77

—394—



INRIVFAAvav 5

BADDEV/N\EUF—2 3 Y OBRIRERER :
DHEICSIFDEY/N\EUF—Y 3V ORER

Issues of Cardiac rehabilitation in Japan

SHTEREEDS

REXPAERESRARR BEERFEHRE NIBEEFRIE £ﬁﬂ5

LREBYNEYF=vay (DEYN) BECOMBILVZOEREIEZ S, BREBEBIINT 2 (A8
] ELTCOBMERILLZ. LY T, DYPBEOEEFBEIEEL T2 45E - SFED [LLHIEE] G#F
THTEBREFHOEELEETLH LY, FLIERIEL TS, ZOELEHEIC, BREEORL S, REHR
OEENDZ. FREFAFAERAR (152 FEHORAETIE, £/ AMIARBEEIFYME (8 A) O
TOLIVNOEMBEERIT1IB3~S5FITERVILPRALIII R o7, COLBOERDDICNFEEE 1 G
% (Bat] CRELAY, BHRHEMI G OROENBOEMIERGBET I LIFTERETHZ. LU¥EETHE, F
R2Z2EFEODHRBBMUETICHE, OPLy FINIARFA I VINTA-FIZ L 2B LHBEREICSITE
SRR AHME, QLKOBEEINEYF— Y a VHIIELIKRRIATELEORE LY, MESLGHLTE
RKLTwa, FR2Z2EEOSERBMUGTICHFT 2L LB, LEBINOIEF 2% BE - ERBRENFICH
AMExE, BE - ERBEEE~OLREY N, BICEERCEY N DOEEROBET S LAY NOBRIZK L

LN TERVWEELIONE.

(LY ~EYF—a>¥ (JICR) 15 (1) : 72-74, 2010}

Key words : LY NOER, LROMERT, HRDEEE DEBMKRT

FUHIC

LCRUNEYF—2a v (DY) 135 OBFEIR
SV FOEBEESHEEEN, BRBEEIIYTS (A%
BEE] L LTOMMEREIL L. LY NIE DAE
DEENBEIEEL TV 4KE -SEED—DOThH
A [UHRE] BEZLFCERTFHOEELEETH
3. ARTIRLOBINODLISETORKEMESEHS
2L, SBRONKEZRETS.

DEUNOBREICATIIET VR

LY NG [EFENZEME, 8RS, 2BREFO
ZIE, BEBIUHA Y 2y 9ok hREANTILE
W7 ars5Thbh ZDTTTILE BenEE
DLRBIIET HEN - BRNEEL TEL20ER

72 BEOR)NEY F—2a y¥55 DBYNEUF—ar (WCR)

—395—

L., BRFELEHEEOV R AREL, EREREL
BRELOBELIHD 5V iLlE s, LEEEHR
CUPICHENLRR2RET AL AENETS] L E
FEINTWBY., Thbh, RERINOLHIC, BT
EEEFERPEREF TNV T5D0TIERL, BEBLER
EGFROERTITEDITIOTHS.

ROV NEVZE [RFERBBRORBEEROE
Bl bwH 4 A=UhEhotzd, FEETuSI0%
By A2AENEERORY) NCEY, [BEEESED
By LHEABER] [BEAZE0BRRE] 0a2 673, TEIR
B - 2RO E TEBREFORE, E&TFHROK
E BETHEOXE, QOLPAER - BOXERZLDH
BEILVERENL L3N $hbd, UM (i
MEAFOBRBICLZADOERE] L5 Basxmb-o
729 RELEEROFTA FI4 Y TRUOHBEEREZED

FIS%E1 S 20108F



#1 T2 FESHENUITAOELHN

1. DRUNEVBYOEFMALFHOUNDEYETE RN
> DRYNBEFOEVRIRHEPPEDREEBENDYNDTELEIFRY

= ERBER - TEE4OKN

a) EME (REE®M - BPmEt) OBFHES£EECEM
b) DRME) NEEBEFETIMEOVNOERERE LTV 3 HEME
c) BEEMML L TEMOEEERT £ R4 CERRRERMOEM

2 EEICSVTERS DROEAERD [Se@iE] (24 558, 365 BBHE) FLBETH3 !

> UNEUDKIKEHEL TWWhiE+5
= [BEEEHE] »5 [¥E#] ~TE

3. DRYNEVEROBRIBErYETHS !

D UNEUBICERAN-IFBEREIATVWAIERN
=> BEEEEOEMES 2 [BE] »5 [BFF (ZAN—-2R)] ELTRENDESE

4. BRETTZAMTCRBS2VTHARN

= B L EHNE DD OREICABIDE

= DI ER S FRBRIETR OB S A X AINE

EFRA*RETLAHEEL LT, EES - #3101,
DRI N T Fr (BIRMEHREE) LHATI SR
1 FEEIZERZLD) ELTHEITFLATWABIZIEYTH
59,

DHETODRY /\VERE

EASBHERRBRHREER [bHEICBT 205
BINE) 7=V a3 v OEBERELEREEICET A0
%] W (REE—WE) T bFEEBTELEI D
EREIOVTEERES 2004 FICEML Y. 2O
£, ERESFEFIEHER D7 %AV HEE
(AMD) ABE# 23 AR, 90% LA E o Rk A5 B IR 35
¥, PCIL, B2 PCI#EBLTWADIIHL, LY
EREEHES M ED o7 bbb [AMLIT S
DYNEYRERBL TS| TAML SRR ~ %
ERLTVA] BRITHER [AMI I EEHOEY
PEHLTVS]) MBI 20%, THRBRELLEY N %
EWLTVBRE] E9%IITERdor. BROAD
CEBHREBREROELZRLTH, bAEICBT L
MRBBERL D ) NEREIER DA % & HTH LD

DHETOOEY/\TOJS LRE

SOIFAURAET ORI NORBEICEBLTRET L.
25, [MNBINBEBEIuS 7 4] [EERFERE
WCETS CGEBLT ] [FERA A G & 2.0 E8 8w
HBR (CPX)] %L, LRI NOFA FI4 02 Tk
SNTVL2EELZEAFTEBL TV A EROLEIX
B o LEYNE, BICOERERT CHEAES H

BHACEY NEYF—3a 845 DBUNEUF— a3 (JJCR)

L—= 70 %ERTRELIVEVI) DTIE RV
DY NI ZRTFHHE R ESH AT RERICED  EY
BHEEORELEXELERNBE AT AV M TH
5. EERELTTREEHRIEFBLEALRL,
FEE - B - MECEBRS—FEL T iniky, BRE
FHDO7-DDEREFOBRY 4 Tidewvwz &i3Ea
DEETHZY. SHODLYPEOLI) N, BEirbE
BEENOALZLT, BERLENT TLRESERNICE
FBROR)NELTIDNELIRETALENDB.

DHETOLREY \EROBERF

AMIZHW T 2.0BINEZEBLTWRWERELR
BRIBEMEMEHERICBITLZ LB N E2ERELEVE
HERELL-EZA, ZO=ZKEHIZ [R5y 7FRE]
[BfE ] [HREEZTH/BLTCERW] Tho
729 THMHOBFEBRERICIE, HREEOKRL S RE
HORERHLEEZONE (F1). :

Thbb, HMEKEEZIURT /O AE2MHL
TR v 7HLETHY, i, LR NEYOE
FEFETPMEOVNOELSFTELVHEICE> TS
Z &, EEAMRRL) NOEEH TEBREOHVRLER
DRI % RET A BIRRERMA, ZHHM LI
AZw7ELTEDOLNTWEWI L, 72, BWEIOD
EREIZIBWTHERS - CRBROENSEMOEHESEI L
BThrI izl ANFBROETHBEIIRZDY, XF5¥v7
FEHATEFICERCES20EERE . £E, BER
BRMERER (15-182) HEHORETIE, £H
AMI ABRBEMSTHE 48 41) OHETOLY NO

BISEE1S 2010F 73

—396—



SEMEERIT1IBEI~S5FICTELWY., ZOLKDAE
BlD7=DZ) N HEE 1% [FHE] CRELCY, B
BEMICIOCBOENNORME: EREHIELZ L
BABRETHL., —H, HEEELTIETLZOOK
OEICELTIE, LRI N BHOBEINREGLE
THAIENAY 7o Twnh,. i, HAYLEEN
7D DORECEM 2 ERFRN A GHEESLET
H 55, LHERA R B EAT R IS E R PR A R ST
BEHEOWTELYT, REATHRLNIEFETLONS.
X5, LBINDIEF Y AEENERE - EEERE
WHETCHABAGEEI R Tu 2w LD, L) 0E
EAMHETAKEIRERD 1D THELEILNS.

DHOETOSHEONER

ED LS BRI 2T, YREETIILERB
BEEBESZHOE BERKEBHLT FR2EED
SHEBEMSEETICRE, OrLy FIFLRYP 470
VT A—=F2E AT OIEERECS T2 ERFRYT
Z5HNE, OUKMERBYNEY F— 3 VEHZHE
boMRRAEREDRELZERLTVELEIATHS
(£D.

FELC, D) NDIEF Y A% BE - EEBERER
HioBAaEEsE, BF  EERBEFRE~OLER) N, B
CEHEBHORB)NOEERYROBRTLHIENEETH
5. % BEHIVHIL -#HELTUNEZTZAID
T ALIERPBLETHS. 5T, UNORREMERT
B0l 3RS LERTRTHY, 7+40—T v 7D
AT LEDLVHHEEDL LI REEEL DI LNE
L.

BHDIC

LY N T—VizBICEEEK, ADLOBIY, &
BOKXMIHBEDOTIERZ. ZOHEIFMERYNZELK
ELBRLRBETHH. Thbb, LI BENR
AFEMINCEAREROBREFBLE £AGFHRONE
ByRIE\LERBOTFE - 0, BRELELODODY

74 BALEY NE) T2 3 Y ES5

—397—

LRYNEVT—23> (JICR)

Erl, [ROOEH] L LTOREDE-TWVE. L
B NOREABRBICEST 5700013, BEVEE
TErREL, HEBERC AL ERBERGL, &
EREPEYREY RN P ORMNICEEZ Do TIT
XIS ET B LARETHE. BRTAEHRE
LV, LY NRSHETITETEER [RTROE
B LRBEEZLND. TR 2 EEODERMUET
CHEIRT A L LB, LB NDOET DA R BREICE
D&, BERIRY - EIEN - AEIC, SOICBNMRE
EFEOFLVWTOT T A - Y AT LADERETILE
b5,

X '

1) Wenger NK et al : Cardiac rehabilitation. Clinical
Practice Guideline No 17 (AHCPR Publication No 96—
0672). ppl-26, 1995

2) BRBRODMLEFIETEH A FT4 2006 £
AFMEIERE. CMERBIZBIR)INE) F—a Y
KM BF A K54~ (2007 HEHETH) available from
http://www.j-circ.or.jp/guideline/pdf/JCS2007_nohara_
h.pdf

3) LREE ) NEY—HDHOINYEY) LILKRTS
WHREB— Y7 AT4 AN 2006

4) American College of Cardiology ; American Heart
Association Task Force on Practice Guidelines :
Canadian Cardiovascular Society. ACC/AHA guidelines
for the management of patients with ST—elevation
myocardial infarction : a report of the American
College of Cardiology/American Heart Association
Task Force on Practice Guidelines. Circulation 110 :
e82-292, 2004

5) Goto Y et al: Poor implementation of cardiac
rehabilitation despite broad dissemination of coronary
interventions for acute myocardial infarction in Japan :
a nationwide survey. Circ J 71 : 173~179, 2007

6) BEE— fh: SR IHEESEEERTICES LM
UNEYF—Yarvlteyvardbiz)EMEERO®K
o OMREEL I URESESEIC. LEIANE) T
Y3 ¥ 14 1 191-196, 2009

EISEE1S 20108



Improvement of Cardiorespiratory Capacity for Patients
with Severe Heart Failure after LVAS Implantation

Makita S., Uchida R.

Department of Cardiac Rehabilitation , Saitama International Medical Center, Saitama Medical
University, Hidaka, Japan

Summary

The purpose of this study. was to evaluate the trainability of left ventricular assist
system (LVAS) patients during long-term aerobic exercise training. 14 (39.0+/-9.7
years old , LVEF 20.5+/-8.1%) end-stage severe heart failure patients who underwent
LVAS implantation participated in aerobic exercise training program using cycle er-
gometer. Before the training (A) and 1 month (B) and 3 months (C) after the begin-
ning of exercise training, peak oxygen uptake (VO,) (12.2+/-2.8(A), 14.3+/-3.3(B),
15.3+/-3.5(C) mL/kg/min; p=0.044) increased significantly. The differences of blood
lactate concentration between at rest and the 40watt during exercise stress test showed
significantly decrease (0.9+/-0.8(A), 0.4+/-0.4(B), 0.3+/-0.3(C) mmol/L ; p=0.022).
These findings suggest that peripheral skeletal muscle metabolism can ameliorate
though cardiac function of these LVAS patients showed no significant increase after
LVAS implantation.

Introduction

Despite being an established procedure for the treatment of end-stage heart failure,
heart transplantation is limited by the scarcity of donor heart. In Japan due to the
extreme shortage of donor hearts, heart failure patients must wait for heart transplan-
tation for about 2 years on average with left ventricular assist system (LVAS) support
in their hospitals V. Furthermore the only commercially available device in Japan has
been the Toyobo LVAS, which is a paracorporeal pneumatic-type LVAS and has a
smaller pulsatile flow than other types of devices.

Cardiac rehabilitation for patients who received LVAS is very important because
those patients have extreme low level exercise capacity due to severe heart failure 2.
And these patients are required improvement and maintenance of their cardiorespiratory
capacity in order to get a better outcome of heart transplantation.

A retrospective review of survival data in patients with LVAS showed that progres-

©2010 by MEDIMOND s.r.l, M429C0058 77
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(mI/kg/min)

A B C
A: baseline B: lmonth C:3months * Avs C :p<0.05

. Fig A Peak VO, before and during exercise training

sive mobilization in these patients was safe and patients could return to independence
in activities of daily living and tolerate prolonged workloads of up to 5 metabolic
equivalents ¥. But the improvement of cardiorespiratory capacity of these patients after
long-term cardiac rehabilitation was not to be elucidated. The purpose of this study
was to evaluate the trainability of LVAS patients for long-term exercise training.

Materials and Methods

14 (39.0+/-9.7 years old , male/female 12/2, DCM / fulminant myocarditis /
ischemic cardiomyopathy 11/1/2, LVEF 20.5+/-8.1% ) end-stage severe heart failure
patients who received LVAS (Toyobo Ltd. Japan) participated in exercise training
program using cycle ergometer at the intensity of AT (anaerobic threshold : 68.5+/-
11.1 % of peak VO,) level. Endurance exercise training was carried out 3-5 times
weekly for 30 minutes. Before the training (A) and 1 month (B) and 3 months (C)
after the beginning of exercise training, symptom-limited cardiopulmonary exercise
testing (CPX) was done in order to evaluate peak VO,, peak watt and AT. During
CPX capillary blood was taken for the measurement of blood lactate concentration
every one minute.

CPX was performed using cycle ergometer (Strength Ergo8, Mitsubishi Engine-
ering Co. Ltd, Japan) by 15watts/min ramp protocol with 4 minutes warming-up at
Owatt. During exercise test ECG and blood pressure ware monitored. Gas exchange
parameters ware determined by the metabolic gas analyzer (AE-300S, Minato Medical
Science Co. Ltd, Japan) and an assay for blood lactate concentration was performed
by lactate analyzer (Lactate Pro, Arkray Co.Ltd, Japan).
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Fig B The differences of blood lactate levels between at rest and the 40watt during exercise stress test

Results

Peak VO, (12.2+/-2.8(A), 14.3+/-3.3(B), 15.3+/-3.5(C) mL/kg/min; p=0.044
ANOVA, FigA) and peak workload (53.4+/-10.9(A), 69.71+/-15.2(B), 76.9+/-17.1(C)
watt; p=0.0004) increased significantly during training period. The differences of
blood lactate concentration between at rest and the 40watt during exercise stress
test showed significantly decrease (0.9+/-0.8(A), 0.4+/-0.4(B), 0.3+/-0.3(C) mmol/L
; p=0.022, FigB). The improvement of peak VO, between A and B was 17.5% and
between B and C was 7.6% respectively.

Conclusions

The improvement of exercise capacity of LVAS patients is detected by long-term
aerobic exercise training. These findings suggest that peripheral skeletal muscle me-
tabolism can ameliorate though cardiac function of these LVAS patients shows no
significant increase after LVAS implantation.
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Effect of Tai Chi Training on Baroreflex Sensitivity and Heart Rate
Variability in Patients With Coronary Heart Disease

Shinji SATo,' PhD, Shigeru MakiTA,” MD, Ryusei UcHIDA,® MD, Shunichi ISHIHARA,” PhD,
and Masaru MAsUDA*

SUMMARY

Tai Chi is a traditional Chinese conditioning exercise that has been used to integrate slow movements, controlled
breathing, and mental concentration. The aim of the study was to determine whether Tai Chi training in addition to cardi-
ac rehabilitation would result in a shift toward increased vagal activity of autonomic markers, such as baroreflex sensitiv-
ity (BRS) and heart rate variability (HRV). Twenty patients with coronary heart disease (CHD) (male/female: 13/7, mean
age: 67.8 + 4.2 years, mean interval time after a coronary event: 19.8 months) completed this study. The Tai Chi group (n
= 10) practiced supervised Tai Chi training once a week and home-based Tai Chi training three times a week together
with conventional cardiac rehabilitation for one-year. The control group (n = 10) conducted the conventional cardiac re-
habilitation only. BRS and HRV were evaluated at the baseline and after one-year of Tai Chi training. Compared with the
controls, patients in the Tai Chi group showed statistically significant improvement in BRS (P = 0.036). These associa-
tions persisted after adjustment for age and other covariates. On the other hand, there were no significant trends seen in
HRV. Additional Tai Chi training during cardiac rehabilitation may augment reflex vagal regulation, which adds impor-
tantly to knowledge of cardiac rehabilitation on autonomic regulation and clinical management of CHD. (Int Heart J
2010; 51: 238-241)

Key words: Cardiac rehabilitation, Coronary heart disease, Exercise, Alternative medicine, Autonomic regulation, Vagal

activity

has been used to integrate slow movements, controlled

breathing, and mental concentration. Regular Tai Chi
training has been shown to improve health by improving cardi-
orespiratory fitness, balance, and flexibility” and cardiovascu-
lar risk factors.>” Tai Chi is effective and safe even for patients
with coronary heart disease and heart failure.*” In addition, a
recent article review suggested potential benefits from Tai Chi
perfﬁc))rmed as an adjunct to cardiac rehabilitation exercise train-
ing.

Both an attenuated baroreflex sensitivity (BRS) and heart
rate variability (HRV), which are thought to be markers of re-
flex and tonic vagal regulation, are predictors of mortality in
patients with coronary heart disease (CHD).” Many studies
have shown that cardiac rehabilitation exercise training im-
proves cardiac autonomic regulation in these patients by reduc-
ing sympathetic activity and/or increasing parasympathetic
tone both in humans and laboratory animals.*” A relationship
between changes in autonomic balance and survival following
exercise training after myocardial infarction has also been
demonstrated at the experimental and clinical level.'*'"

It has been suggested that the health benefit of Tai Chi
may be the outcome of a process that influences the endog-
enous neuro-hormonal feedback mechanism.'” Indeed, Tai Chi
has been shown to increase HRV and decrease sympathetic ac-

Tai Chi is a traditional Chinese conditioning exercise that

tivity in both young and old male subjects.”” However, to the
best of our knowledge, the effect of Tai Chi on cardiac auto-
nomic regulation in CHD patients has not been reported. In
this study, we tested the hypothesis that Tai Chi training in ad-
dition to cardiac rehabilitation would accelerate an improve-
ment in BRS and HRV in patients with CHD.

METHODS

Participants and study design: A total of 20 patients with CHD
(male/female: 13/7, mean age: 68 + 4 years, mean interval time
after a coronary event: 20 + 14 months) were recruited from
the Cardiac Rehabilitation Center of our hospital in Japan, and
were randomized to one year of Tai Chi training in addition to
their usual care or to a control group. Inclusion criteria were 1)
ejection fraction > 40% and 2) clinical stability defined as no
major changes in pharmacological therapy in the previous 3
months. Exclusion criteria were atrial fibrillation or abnormal
sinus node function, unstable angina pectoris, and resting arte-
rial blood pressure > 170/100.

The Tai Chi training group (n = 10) practiced supervised
group Tai Chi training once a week and home-based Tai Chi
training three times a week together with routine care for one
year. Routine care included pharmacological therapy, dietary
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guidance, and physical activity counseling in accordance with
the Japanese Circulation Society guidelines." The control
group (n = 10) carried out the routine care only. This study
was conducted in accordance with the Declaration of Helsinki
and all patients provided informed, written consent.
Intervention: The supervised Tai Chi training session included
10 minutes of warm-up exercises, 45 minutes of Tai Chi prac-
tice, and 5 minutes of cool-down exercises. The 8 core move-
ments, adapted from classical Yang-style Tai Chi, were chosen
for promoting overall relaxation of the body and mind. During
Tai Chi exercise, the patient group was led by an instructor and
they imitated the motion at the same speed. Their heart rate
(HR) during Tai Chi practice was 40-50% of the heart rate re-
serve. In addition, a 20-minute instructional videotape outlin-
ing Tai Chi movement was presented to each patient. Further-
more, the patients were encouraged to practice individually at
home at least three times per week.

Equipment and measurement: BRS and HRV were evaluated
at the baseline and after one-year of Tai Chi training. Patients
carried out the measurements in the morning between 9:00 and
10:00. Measurements of spectral analysis were performed in a
seated upright position for a 60 second time series during
paced breathing (0.25 Hz) after 15 minutes of rest. Instantane-
ous systolic blood pressure (SBP; Jentow 7700, Colin, Tokyo)
and R-R intervals (interval between successive R waves of the
ECG) were continuously recorded. The fluctuations in SBP
and R-R intervals were integrated on two component bands,
the high-frequency band (HF: 0.15 to 0.40 Hz) and the low-
frequency band (LF: 0.05-0.15 Hz). The BRS was calculated
as the square root of the ratio of R-R interval power and SBP
power in the LF band for values of coherence of 0.5 or great-
er.™'” The HRV was evaluated using auto-spectral analysis of
R-R intervals and expressed as the power of the LF (HRV-LF)
and HF (HRV-HF) components and the low-/high-frequency
power ratio (HRV-LF/HF)."”

TAI CHI AND BRS IN CHD

239

To assess aerobic fitness, cardiopulmonary exercise test-

ing (CPX) was performed in the upright position on a bicycle
ergometer (Strength Ergo 8, Fukuda Denshi, Tokyo) with an
initial workload of O watts (W), with subsequent increments of
15 W every minute until exhaustion. Expired gas exchange
during symptom-limited exercise testing was measured by
breath-by-breath analysis with a metabolic cart (AE300s, MI-
NATO, Tokyo). From these measurements, oxygen uptake was
calculated every 10 seconds.
Statistical analysis: All values are expressed as the mean +
standard deviation. Differences between groups in the baseline
characteristics were assessed using the ¢ test or ¥ test as appro-
priate (SPSS 16.0J for Windows, SPSS Inc., Chicago, USA).
A repeated two-way ANOVA was used to compare the effects
of Tai Chi training versus the control on changes in outcome
during the study period. A value of P < 0.05 was regarded as
significant.

RESULTS

All of the 20 enrolled patients fully completed the study.
During the study period, medical treatment was maintained al-
most constant, and no clinical events were recorded. There
were 1o significant changes in the daily physical activity in all
patients during the study period.

The baseline characteristics of the study population are
given in Table I. No differences were observed between the Tai
Chi participants and the control patients with respect to demo-
graphic, clinical, and functional characteristics, except for
body mass index (BMI) which was significantly higher among
the Tai Chi group than among the controls.

Table II shows the changes in BRS and frequency domain
HRV indices during the study period. Tai Chi participants
showed a significant improvement in BRS (from 5.9 + 5.0 to

Table 1. Baseline Characteristics of the Study Participants

Characteristic Tai Chi (n = 10) Control (n = 10) P
Age (years) 68 5 68 +4 0.96
Male sex 6 7 0.64
Body mass index (kg m?) 26+ 8 23x2 0.03
Ejection fraction (%) 59+8 68 + 13 0.09
Myocardial infarction 5 6 0.65
CABG 8 7 0.61
Months after onset (months) 19+15 2113 0.73
Peak oxygen up take (L min™") 1.0+02 12+04 042
Heart rate (beats min™") 70+ 13 68+ 9 0.65
Systolic BP (mmHg) 135+ 14 122 + 18 0.09
Medication
Beta-blocker 7 4 0.18
Angiotensin-coverting enzyme inhibitor 4 5 0.65
Angiotensin IT antagonist 1 0 0.31
Ca-antagonist 2 3 0.61
Nitrate 2 3 0.61
Cardiovascular-related risk factor
Hypertension 6 9 0.12
Diabetes 6 2 0.07
Hyperlipidemia 5 7 0.36
Smoking 0 0 1.00

Values are mean + SD or numbers, *P < 0.05

—402—



240 SATO, ET AL

Int Heart J
July 2010

Table II. Results at Baseline and One Year After Tai Chi Training

Tai Chi (n = 10) Control (n = 10) »
Baseline 1 year after Baseline 1 year after
Peak oxygen uptake (L min™) 1.0+£02 1.1 +£03 12+04 12+03 0.80
Heart rate (bpm) 70+13 66+ 10 689 67+9 0.38
Systolic blood pressure (mmHg) 135+ 14 129+ 12 122+18 130+ 16 0.11
BRS (ms/mmHg) 59+50 81x54 69+38 54+42 0.04"
Heart rate variability (HRV)
LF power (ms®) 326 =496 310 + 540 161 + 152 182+ 172 0.72
HF power (ms’) 99 237 117 + 269 54 +92 66 + 102 0.78
LF/HF power ratio 17 £27 12+12 78%9 16 +29 0.38

BRS indicates baroreflex sensitivity, LF indicates low-frequency, and HF indicates high-frequency. * To compare the group differences be-

tween the Tai Chi group and the control group. * P < 0.05

8.1 + 54 ms/mmHg, P = 0.036) while no significant change
was observed in the control patients (from 6.9 + 3.8 to 5.4 £4.2
ms/mmHg). These associations remained significant even after
adjustment for age, gender, ejection fraction, and BMI. The
changes in the power of the HRV-LF (from 326 + 496 to 310 +
540 versus 161 + 152 to 182 + 172 ms?, ns), HRV-HF (from 99
+ 237 to 117 + 269 versus 54 + 92 to 66 + 102 ms?, ns), and
HRV-LF/HF (from 17 £+ 27 to 12 £ 12 versus 7.8 £ 9 to 16
29, ns) did not differ between the groups.

Di1scussION

We evaluated the additional effects of Tai Chi training
during cardiac rehabilitation on BRS and HRV in patients with
CHD. One-year treatment was found to result in a significant
increase in BRS in the Tai Chi group while no changes were
observed in the control group. On the other hand, there were
no significant trends seen in frequency domain HRV indices.
These observations suggest that regular Tai Chi training can
augment reflex vagal regulation without a corresponding in-
crease in tonic vagal modulation. To the best of our knowledge,
this is the first study showing the potential benefits from Tai
Chi training performed as an adjunctive treatment that enhanc-
es the baroreflex control of heart rate in CHD patients.
Previous studies: Few studies have addressed the effects of Tai
Chi on autonomic cardiovascular control. Viininen, et al'®
studied a group of 15 elderly men with several years experi-
ence of Tai Chi exercises and 14 young male physical educa-
tion students who underwent a 5 minute ECG recording before
and after two series of Tai Chi movements. In both groups a
significant increase was observed from resting to the postexer-
cise condition for mean RR interval and SDNN while no sig-
nificant differences were found in the LF/HF ratio. In contrast,
Lu" showed a decrease in the LF/HF ratio at 30 and 60 min-
utes following Tai Chi in 20 subjects who had been practising
exercises for a mean of 1.9 years. An interesting finding in this
study was that when compared to 20 control subjects of similar
age and cardiopulmonary function, Tai Chi practitioners
showed similar heart rate but significantly higher HRV in the
resting pre-exercise condition, thus suggesting an accumulated
long-term effect of Tai Chi on autonomic balance. The impor-
tance of length of training in determining a sustained effect on
the autonomic balance is underscored by the study of Hong, ez
al” who showed significantly lower resting heart rates in a

group of 28 subjects with 13.2 years experience of Tai Chi ex-
ercise as compared to 30 sedentary men of similar age. Our
population differed in several respects. First of all we studied
CHD patients who had no previous experience in Tai Chi prac-
tice. Second, the length of Tai Chi training in our population
was extended for only one year.

Although we did not observe any significant change in
frequency domain HRV indices, we found a significant in-
crease in BRS. This beneficial effect of Tai Chi training is fur-
ther amplified when considering that BRS tended to decline in
the control patients. Indeed, the participants in our study were
older CHD patients (mean age: 68 years), a high-risk group for
age-related vagal function decline.'*'” A previous intervention
study in healthy men”® also demonstrated that regular aerobic
exercise was able to modulate BRS, but not HRV. Recently,
Chang®” demonstrated that 9 months of Tai Chi training in
CHD patients enhanced the change in HRV between resting
and post-Tai Chi states, without an increase in resting HRV.
There are similarities between the study of Chang and the cur-
rent study that demonstrate more or less the same results, ie,
increased reflex autonomic activity without an effect on tonic
autonomic activity. However, the lack of effects on HRV in our
study might also have been due to the fact that measurement of
HRV by a spectral analysis technique is largely influenced by
individual differences (large SDs) in a sample size of 10 pa-
tients. Further large-scale studies on HRV in Tai Chi are re-
quired to clarify this finding.

In the current study, the one-year Tai Chi training could
not enhance the aerobic fitness (see Table I1). Lan, ef a/”> dem-
onstrated that one-year Tai Chi training in patients after coro-
nary artery bypass surgery was effective for increasing peak
oxygen uptake. Differences between the results of these stud-
ies may be explained by differences in the age of study sam-
ples (68 + 4 versus 57 + 7 years). Consequently, the total vol-
ume of Tai Chi training at relatively high intensity may have
been inadequate to improve the cardiopulmonary adaptation
for our old patients.

Our findings support the results of prior research on Tai
Chi and cardiovascular disease. Yeh, ez al” demonstrated that
a 12-week Tai Chi program for patients with chronic heart fail-
ure could significantly increase the distance walked in 6 min-
utes and decreased serum B-type natriuretic peptide levels. Our
study provides new insight into the potential benefits of Tai
Chi indicated specifically for patients with cardiovascular dis-
ease.
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Potential mechanisms: The mechanism by which Tai Chi
training increases the BRS remains unclear. Tai Chi consists of
a sequence of semi-squat postures that can enhance the
strength of the lower limbs. Iellamo, et al’® indicated that
moderately intense dynamic leg exercise had an adequate
stimulus for decreasing the metaboreflex-induced sympathetic
activation and that such exercise affects the integrated barore-
flex control, suggesting that the former mechanism may be in-
volved in the BRS responses to Tai Chi training. In addition,
Tai Chi demands that participants synchronize their respiration
with their slow body movements. Therefore, the occasional
slow and deep breathing in patients in the Tai Chi group may
shift the autonomic balance toward an increase in vagal activi-
ty and be responsible for the favorable change in BRS. Fur-
thermore, stress reduction and other psychological aspects of
the Tai Chi program may be an underlying factor mediating
the training effect on the baroreflex arch.”

Limitations of the study: Our study has several limitations.
First, we used spectral analysis for the assessment of BRS; this
method is accepted but is not perfect. Second, the lack of
blinding of the patients may have influenced our results. Third,
there is little data concerning the independent effect of Tai Chi
on autonomic nervous function. In addition, further studies are
needed to explore an appropriate combination of Tai Chi with
medication that affects the autonomic nervous system.
Conclusions: The one-year of Tai Chi training during cardiac
rehabilitation increased BRS in patients with CHD, which is
an important finding contributing to the knowledge of the ef-
fects of cardiac rehabilitation on autonomic regulation and
clinical management of CHD.
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Effects of a Cardiac Sports Rehabilitation Program on Cognitive
Function in Elderly Patients after Myocardial Infarction.

*
Shinji Sato
Shigeru Makita* *

Abstract

Purpose: Although cardiac rehabilitation is associated with numerous benefits, including
improved cardiovascular health and a lower mortality rate, the current challenge is to
examine whether cardiac rehabilitation can also provide cognitive benefits. This study
was conducted to determine the effects of a cardiac sports rehabilitation program (CSP)
on cognitive function in elderly patients. Methods: Twenty-one male patients after
myocardial infarction (MI) (mean age: 68.8 years, mean interval time after a MI 42.1
months) completed this study. The CSP group (n=11) practiced combined Tai Chi and
table tennis training once a week together with conventional exercise training for 1
year. The control group (n=10) carried out conventional exercise training only. Cognitive
function was measured using a Mini-Mental State Examination (MMSE) at baseline and
1 year later. Results: At baseline, the MMSE score and other clinical characteristics did
not differ between the two-groups. After 1 year, the CSP group showed a slight increase
in the MMSE score (from 26.1 +/- 192 to 27.3 +/- 2.81, p=0.153), while the control group
showed a significant decrease (from 27.0 +/- 2.00 to 254 +/- 3.27, p=0.035). Conclusions:
Supervised CSP may have implications for the prevention of cognitive decline in elderly
patients after ML

keywords: cardiac rehabilitation, cognitive function, elderly, sports, myocardial infarction
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Introduction

Although cardiac rehabilitation is associated with numerous benefits, including

improved cardiovascular health and a lower mortality rate, the current challenge is to
examine whether cardiac rehabilitation can also provide cognitive benefits. Longitudinal

(1]

population-based studies have shown myocardial infarction (MI) ™' and cardiovascular

disease  to be predictors of cognitive impairment among the elderly. Actually, decline
in cognitive function are common problems in the elderly cardiac rehabilitation patients .

Exercise and leisure activities have a protective role of cognitive decline in healthy
elderly 7. Especially, variety of physical activity may have positively associated with
indices of cognition. Podewils and his colleagues had shown that engaging in a number
of different physical activities protects against subsequent risk of dementia ',

Taken together, additional sports programs during cardiac rehabilitation would be
leads to an improved cognitive function in elderly patients with atherosclerotic vascular
disease, a high-risk group for cognitive decline. To test this hypothesis, this study was

conducted to determine the effects of a cardiac sports rehabilitation program (CSP) on

cognitive function in elderly patients.

Methods

Participants

The study population consisted of twenty-one male patients after MI, aged 63-77
years (mean age: 69 +/-5 years), who were admitted to the Department of Rehabilitation
Medicine in Saitama Medical University Hospital. Of these patients, 5 had undergone
percutaneous transluminal coronary angiography (PTCA) previously and the other 16
had undergone coronary artery bypass grafting (CABG); the mean interval time after
the coronary event was 42 +/- 19 months. Patients were excluded if they had stroke or
systemic illness likely to affect cognition (e.g., dementia). The purpose and risk of this

study were explained to each patient before written informed consent was obtained.

108
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Design

A prospective controlled trial was designed with participants assigned either to CSR
(n=11) or conventional exercise training only (control: n=10). In the CSR group, the
intervention continued for 1 year. Functional outcomes were measured at baseline and

after 1 year.

Intervention

After a group assignment, the CSR group met 3 hours once a week. Each session
consisted of warm up, Tai Chi exercise, table tennis, and cool down. During Tai Chi
exercise, the patient group was led by an instructor and they imitated the motion,
adapted from classical Yang-style Tai Chi. The group practiced these programs

together with conventional exercise training.

Measurements
Cognitive function was measured using a Mini-Mental State Examination (MMSE) "
MMSE was administered by one occupational therapist blinded to group membership.
To assess aerobic fitness, peak oxygen uptake was measured by cardiac pulmonary
exercise testing (CPX) with a bicycle ergometer with an initial workload of 0 watt (W),
with subsequent increments of 15W every minute until exhaustion. Oxygen
consumption and carbon dioxide production were measured with a metabolic cart

(Oxycon Alpha, JAEGER).

Statistical methods

All values were expressed as the mean+/-standard deviation. Differences between
groups in the baseline characteristics were assessed by using the ¢ test or x? test as
appropriate (SPSS 16.0] for Windows, SPSS inc., Chicago, USA). To compare the effects
of CSR program versus the control on changes in outcome during the study period, a

repeated two-way ANOVA was utilized. A value of p<0.05 was regarded as significant.
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Results

All of the 21 enrolled patients fully completed the study. During the study period,
medical treatment was maintained almost constant, and no clinical events were
recorded.

The baseline characteristics of the study population are given in Table 1. No
differences were observed between the CSR participants and the control patients for

clinical and functional characteristics.

Table1. Baseline characteristics of patients

CSR(n=11) Control(n=10) P
Age(yr) 70.3+/-14 67.2+/-15 NS
BMI(kg/m’ 247+/-2.3 257+/-38 NS
Systolic blood pressure(mmHg) 121.9+/-20.0 1229+/-22.2 NS
Diabetes(%) 454 500 NS
Hyperlipidemia(%) 727 800 NS
Walking steps(steps/day) 8163+/-3237 8644+/-5322 NS

Figure 1 shows the changes in MMSE score during the study period. The CSR
participants showed a slight increase in MMSE score (from 26.1 to 27.3, p=0.15) while
significant decrease was observed in the control patients (from 27.0 to 254, p=0.035).
These associations persisted after adjustment for age and other covariates. The changes

in peak oxygen uptake did not differ between the groups.
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Fig 1. Changes in the MMSE score over 1yr intervention for the CSR and control groups
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Discussion

We evaluated the effects of additional CSR program during cardiac rehabilitation on
cognitive function in patients after MI. One-year treatment was found to result in a
slight increase in the MMSE score in the CSR group while a significant decrease were
observed in the control group. On the other hand, there were no significant trends seen
in aerobic fitness. These observations suggest that the group sports rehabilitation
program provided cognitive benefit to participants. The strength of this study is that
the participants were elderly subjects with atherosclerotic vascular disease, a high-risk
group for cognitive functional decline.

Variety of physical activity for the elderly is increasingly recognized as an important
tool to improve cognitive function. In large prospective cohort study of community-
dwelling elderly subjects, the number of different activities has a stronger association
with dementia risk than dose energy expenditure . In randomized pilot trail of frail
community elderly subjects, those who participated in a group exercise program had a
significant increase in MMSE vs. those who participated in a recreational therapy
program ™. Our study provides new insight into the potential benefits of engaging in a
large number of different activities indicated specifically for patients with cardiovascular
disease.

The mechanism by which CSR program remarkable prevents the cognitive decline in
patients after MI remains unclear. We actually accepted that group exercise programs
can promote social network among patients. Seemen et al.  demonstrated that persons
with more developed social networks attenuate the rate of cognitive decline in older
adults. Mechanisms might include association between social activity and cognitive
function. Recently, the animal and human studies suggest that vigorous exercise might
have effects on brain plasticity and functional brain reserves "". These neurogenetic
mechanisms may be involved in the cognitive responses to CSR program.

In the current study, the one-year CSR program cannot enhance the aerobic fitness
(Figure 2). Consequently, total volume of CSR program at relatively high intensity may
have been inadequate to improve the cardiopulmonary adaptation for our old patients.

Our study had another several limitations. First, these are characteristics of studies

that require intense cognitive screening. Second, we did not obtain relevant clinical data
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Fig 2. Changes in the peak oxygen uptake over 1yr intervention for the CSR and control
groups

for the atherosclerotic risk factors, such as LDL cholesterol, HDL cholesterol, fasting
serum glucose, fasting serum insulin and HbAlc. In addition, we had no objective
measurement of exercise intensity in cardiac sports rehabilitation group. Further
studies are needed to explore an appropriate exercise intensity of the CSR program

that affects the cognitive performances.

Conclusions

Supervised CSR may have implications for the prevention of cognitive decline in
elderly patients after MI. These findings may aid the designing exercise prescriptions

for maintaining or improving cognitive health.
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