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Safety of Endurance Exercise in Elite Athletes of Very Elderly Age
(75 years or more)

AJISAKA Ryuichi, KATSUTA Shigeru®, YASUDA Toshihiro™,
KAWASHIMA (BABA) Shino™*, OHMORI Hajime,
MATSUDA Mitsuo, WATANABE Shigeyuki®™*, YAMAGUCHI Iwao™***

The purpose of this study was to evaluate cardiovascular safety of endurance exercise in very

elderly elite athletes.

Medical evaluation including symptom-limited bicycle ergometer exercise test was performed
in 30 elite athletes of very elderly age (athlete group, 82+4 years) and 25 age-matched non-athletes
(control group, 80%4 years). Physical fitness level was classified as high, middle, and low by the
peak oxygen uptake. In the athlete group, 4 subjects was terminated exercise by the risky symptoms,
that is, ischemic ECG changes in I, frequent premature ventricular extrasystoles (PVCs) in 1, frequent
PVC; with ischemic ECG changes in 1, and highly elevated >250mmHg systolic blood pressure
(SBP) in 1. All of the 4 subjects were more than 79 years old. In the control group, 5 subjects was
terminated exercise by the risky symptoms, ischemic ECG changes in 1, frequent PVCs in 1, and
highly elevated SBP in 3. None had hypertension on physical examination in 4 subjects terminating
exercise for highly elevated SBP. Two athletes who had ischemic ECG changes during exercise had
neither chest symptoms nor coronary risk factors except for elderly age. All 5 control subjects with
risky symptoms had low physical fitness level, while, the 4 athletes had high or middle physical
fitness level. These results suggest that high or middle fitness level with more than 79 years old is
related to cardiovascular risk during exercise, while, coronary risk factors or chest symptoms are not

in elite athletes of very elderly age.
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wERE
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A)— MNE)EAR-VIEHET L TR WIERHD
BIEARL-EEHE 2% WUTar o
JVEE) 23t d Lz, TR — MEEIZERKSIS
37 (75~88) i, BI8%, WNATHY,
HAH IR RS SS, AF 2%, Kiko%., 7
ZA5%, Hifes, BlHE2%. B/ THo
T (FED ARG Cwihnay
PO VEEOEEZ80.023.7 (75~87) . B
12%, LWI3ETH-7- (K2), 258409 b, 20
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FAELTBY, 1RUETTEREFCTHo72, 5%
EESNYESEEL L T idh ol

LB, MENEC O THEMRENE ST, X
L BAERB,

AFAALFTYY

HWEMWICHR, RELE L, HREIEE (body
mass index, LT BMI) % BMI={AE (kg) /&
£ (m) 2L nEH L, HARBREOHHE D
R, 25D B AR E L RRE L 72, BRI Ui
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BEEHE L,

BEEFAR
ERHEWMREBIIEBR2~25E0b & T, B
BIEE TV T2 — % (Lodet: 3L CORIVAL400) &
& B HE R SR % B B g OO E B B T SRR & HAT
Lo MBIV T RA—F R CERAICTSSMO
RSS2 BT, YRANTE20W,/ 51T
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&), mEomE EF (IEEHIME> 250 mm
Hg). MEEOYVEES % 40 /4B 2
FEC & i TR ST A B TR RO
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BUBUVBEBEELTSOMOZH IS¢,
EE AR AR, 1 5EC 2FECER GEE)
. BIFRERGE B A0 ERIEM A
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STRESS TEST SYSTEM ML-45002 Catsk L. £
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1. TA)- FEOGEENE

No K& i % EE | HEem) | KEkg) | BMI
1 TK 83 S AF— 148.5 482 21.9
2 M.M. 81 Bk ZF— 163.0 60.6 22.8
3 YA. 83 BE TR 167.0 52.9 190
4 KY. 80 B TR 164.1 475 17.6
5 KY. 77 gk TR 152.0 49.7 215
6 N.K. 87 Bt FZA 161.5 583 224
7 KL 80 B TZA 171.6 64.6 21.9
8 KM. 78 e 7Kk 1585 56.7 22.6
9 K.M. 75 begics 7Kk 166.8 56.4 20.3
10 M.H. 77 g 7Kk 149.7 505 225
11 WY. 80 gk 7Kk 144.7 43.3 20.7
12 HM. 79 gk Kk 157.0 51.1 20.7
13 AS. 86 Bk Kk 164.3 714 26.4
14 ST. 84 Bt Kk 154.2 53.2 24
15 0K 82 ot TRk 143.0 48.1 235
16 Y.A. 79 pryis 7K¥K 151.0 43.8 19.2
17 W 85 Bt Rzt 157.9 58.8 236
18 M.M. 85 Bt | FELEEE| 1628 47.1 17.8
19 MT. 82 B | BEREHE | 1660 54.8 199
20 KY. 87 B | EEREEE | 1672 62.0 2.2
21 LY. 86 B | BEEEEEE | 1610 57.1 20
2 IT. 80 B | RS 1670 525 18.8
23 OT. 88 Bk =15 160.0 480 18.8
24 MK 75 egics EIR 1472 573 264
25 YM. 81 fegis EER 145.2 383 182
26 SK 76 g BiEk 156.0 64.5 26.5
27 MK. 84 it =154 163.0 41.6 15.7
28 MK 80 gk EAER 145.0 513 244
29 MT. 85 Bt R 166.0 69.5 252
30 SH. 81 it Fhi 161.1 62.0 23.9

mean 81.5 158.1 540 216

SD 3.7 8.2 8.0 28

BMI ;| #4550 (body mass index)s BMI=fKE (kg) /H& (m) 2 L DEH L,

2B OISR MEONEREIZEE D 5
EEZ SRR ZVEING - o JEREMIE
FHA» LBV,

EE P, PR A EERL, 35 FMERSE
5 MG-360 % >, breath-by-breath {£12 L 9 |
SRRRE. BEENE, BL URET A S
FHEGHICHE L EEERENE S5 HAN
DB E L, BohAllEfz FHOH
HO LT 0 AR AOBHER I & Tidd T
NER] 28 L7,

Bk (52.1- s BR R EIE [ml/kg/min] ) /0.38-

ER(R)

L 1 40.4- R IR F R IE [ml/kg/min]) /0.23-

ERH(HR)

Bond: [ENFER] PEEH L ) SERUER
WHEEREBED, SEU LSS REN L
L. o eZEgk e gil 2.

FREFHANRBICBNC, BELE FE. &
W7 ANEE R R B o B IRV
HTHIE L6, EEERBEE Y & LA,




12 BRE— - BRK - RIS NS (B BTy - KRE - MEE - EAEST - 0

K2 Ay o VEO SRS

No KA Fh % | ESEE | R | KBke) | BMI
1 TT. 85 Bt "D 160.3 58.8 22.9
2 KT. 85 B 50 155.8 52.9 21.8
3 Y.S. 85 B D 152.2 47.1 20.3
4 K.S. 83 B D 144.3 500 24.0
5 Y.H. 80 B L) 163.0 58.5 220
6 US. 79 i D 165.4 60.0 219
7 KT. 83 B FD 159.3 57.0 2.5
8 TsS. 87 B HD 157.1 64.4 26.1
9 1Y. 86 Bt "D 157.6 59.4 239
10 HS. 76 Legis HO 145.2 483 22.9
11 M.O. 79 g "D 144.7 539 25.7
12 LY 76 o =) 143.0 67.6 33.1
13 N.L 75 7t AD 157.1 64.3 26.1
14 S.S. 77 2t D 149.5 442 19.8
15 M.K. 78 7tk 0 149.5 62.7 28.1
16 UF. 77 gk gD 156.0 62.0 255
17 H.H. 77 ey ‘D 137.9 36.1 190
18 HY. 78 oy AD 145.2 483 229
19 HS. 76 pegic £ 151.5 51.0 22
20 MK 81 ot D 149.6 452 202
21 M.S. 83 B &L 167.0 480 17.2
2 SS. 78 Bt &L 158.0 59.0 23.6
23 KY. 81 it &L 157.3 543 21.9
24 UsS. 77 7 L 142.4 465 229
25 NY. 77 ey &L 140.9 49.8 25.1
mean 80.0 152.4 540 233
SD 3.7 80 77 32

BMI . K#&45%8L (body mass index) . BMI=f&E (kg) /HF (m) 2L DHEHB L,

Fett ZE LIRS E0h k3 R B & i R
TRifT L7

WL §+

EROWMTEET T L EERMNETR L. 28
[ o B2 {d Mann-Whitney D UM E 8 £ UFisher
@ exact test ¥ AV 77, P<OOS*HEE L7

i R

AF1HANF v 7 (R1BLUFER2)
WHEEOEHISHEEET RO L h o7 B

DWFRIGT A — FEEI8F (60.0%). 2 ¥ bu—

VHE 124 (48.0%) &7 A — METI o 2%

AT E BAE 2RO D o 72 (P=0.4238) 6

HFEEAT7 2 = FESEREIC (P=0.0115) T5h o

oo MEMOBRILBIIERN S 72720, B
BT A L BUT AU - FHEOERS Y
FE-AHE D EBCE o (BE TR -
FEE162.6 £ 53cm, T PO LEE 1581 £
6.0cm, P=0.0247 ; &k 7 X — M 1513 £
7.0em, T2 b O — V#1472 £5.7cm, P=0.1205) o
REIZIEWBRIIY S 2 2 Z2R R E L BLRIS
ML CHOEBIIER R RO LD 7., BMIZ
T A — DA S WEIA % B 72 (P=0.0654) o
720 BMIAS2S D LOBRELZZDI-DET A
)— FETIE4% (133%), 22 PET—LVETIE
7% (280%) THH, TAY— M ETHLLo
N FRNILRAEEEZEERD o
(P=0.1977),

TAY) = PHEOPT, EMEFEEROEII2E
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(6.7%) THhH . ar b I—LEDI12% (48.0%)
L, HE (P=0.0006) Badolz, 3 b
ag—LVEEDHY L, EEEEOAEREIZL Y SIE
FEEELLETA L, EFTBET AT H20%
184 (40.0%) 12xf L., EEBTIEOEVLSZT
4% (80.0%) THH ., HBENEH o 120t FE
JIEAHEETIRED -7 (P=0.1602)c T A —
FEEOHT, ERFGHERDTOEIL2H (6.7%) T
sy, arxro—LEO4L (160%) (2L LA
Loz, B ENICEFEETCE bt
(P=0.3943), 7 A Y — FEOW T, EiTILAEIL 10
% (33.3%) 0B, 3 PO —LEEOTH (350
%) LEREFIOL o7 (P>0.9999),
TAY—-FE0RT2H (6.7%) FrERE
BREPTH- 7, |BIERTEBIETHLED T
O EEFRATTHY ., b9 1 HIE85IK
BUCLHEEDCOETEHK - KEIR/ Y1 /82
FiliEFT Tl T, 20285868
DOREPRBPECEGATRBELEO - OBE
T EBIRICEEOBRERE T RO, BIERE
HOBELESH IR, S5ILAR- VS
DT HL SN2, BRI BRI BT
WL BEEES T, T2, LEME % 150
1:3:_7':‘.%117 Uy 7 & 1 BIIRO I, Zo20idv

FTHORBFTH o7,

arbuo— LB 28 (8.0%) PREENIR
FEHRTIHBENTH o 72, FRIZ 1B BTRE AT
PLlE, 1 B ISECE CEEREE RN TS
0. WINR S NBHNEERE ST Tz, T,
2E AL E IR O 72 O R EIREE % SR A
ThHole

THREBESBRELEIC TEHEERTOZNT X
U—bﬂ Y bR AELERFRIETOH
, BREINGEASCTHEROENT A — MEE,
Y PO VEIILENFR I BT OH o7,
BRI AT 56T VTN MR BEICT
BESNTBY A YR VEFHLTWAER
Whh oo mMES & ONEBIIHT HiGEE
ELTW, 7R = oy bu—LEEELA
Wy LR, BEERENMEA IR ThA
BAEMEIIOY PO - LVEIROABALTY
VAR

BEHEFAR

REBE OISR T A - Mo ba—
BEL O L:%i‘%%ﬁ?&)%#o 77 (383) o HRFIIY
FUNILE S D BN A B ERT RO Lo 12
(R3), MR THOBRSOAKEI T A Y — ME

3. EERTHBRNE

7 A1) — M Ein=30) | 3> bO—)VEn=25)| WRHHIOER
R-HR (bpm) 71.0+108 7284100 P=0.4564 (ns)
peak HR (bpm) 134.0+134 12424185 P =0.0704 (ns)
%max HR (%) 96.71+9.6 88.7+13.3 P=0.0257
R-SBP (mmHg) 150.1%£21.2 146.6+24.2 P=0.4518 (ns)
peak SBP (mmHg) 211.0%£20.3 2100276 P =0.9446 (ns)
peak WR (W) 85.0+17.0 68.8+14.2 P =0.0006
EE
LF 13(43.3%) 13(42.0%)
HR 12 (40.0%) 7 (28.0%)
SBP 1(3.3%) 3(12.0%)
PVC, 2(6.6%) 1 (4.0%)
dyspnea 1(3.3%) 0(0%)
ST 2(6.7%) 1(40%)

T 21— NEEOD 1 Zd PV CBEUS TRTHOEETHIE LT,
RHR : S O, peak HR © B 0HE8. %omax HR (%) : %BAUHE, BEOH
HAERITREA LI (220 48 () TRL TR,

peak SBP : RS NFEHIMUE, peak WR : &

T2, LF : TAUES. HR : FEsTRl

BAEEEGE, SBP : IFEHAIME>250mmHg. PVC,: LEMIASGES R dH D\ TE
F. dyspnea : [PARREE, ST : Bt S TA(LHR.
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Fa4 TA) - MEOEEEAMED L EHOREN
No e | & % | peakvo, | BER (KR fEBRBUR RRBIRDNE
G (mlkgmin) | R DHE

1 TK 83 | F 285 62 = -

2 MM. 81 | HE 259 69 = -

3 YA. 83 | Bt 21.9 79 Bg -

4 KY. 80 | B 2.5 79 B -

5 KY. 77 | 20.9 81 B -

6 NK. 87 | B 17.1 2] ki -

7 KL 80 | B 20.9 82 i + RE. AR
8 K.M. 78 | & 24.9 65 = -

9 K.M. 75 | Lk 21.9 77 B -

10 M.H. 77 | & 242 68 =) -

11 WY. 80 | i 245 66 & -

12 HM. 79 | = 24.5 66 = -

13 AS. 8 | B 21.7 81 = -

14 ST. 84 | B 255 70 & -

15 OK g | &M 245 66 = + ME
16 YA. 79 | &tk 26.7 57 = -

17 wJ. 85 | HiE 237 77 ] -

18 MM. 85 | HE 29.7 65 =) -

19 MT. g | B 283 63 & + TER
20 KY. g7 | B 239 74 = -

21 LY. 86 | B 28.3 63 & + sl
2 IT 80 | HiE 283 63 = .

23 OT. 88 | H 199 85 e -

24 MK 75 | ik 21.2 80 KR -

25 Y.M. 81 | &t 192 88 i -

26 SK 76 | % 17.0 98 1% -

27 MK. 84 | Bt 24.0 74 = -

28 MK 80 | ik 195 87 & -

29 MT. 85 | Bt 18.7 88 e -

30 SH. g1 | Htk 283 64 ] -

mean 81.5 235 743

SD 37 3.5 105

I A LVEX D SVERIILD D BRAAL
BT T2EAZICT A — NENS D07
(R3), EEHR TRIGEHINE IHHEEICEES
EREDPOR o7 (R3) . EFRTRHROREML
FERIFTA) - MEFT L PO AL DEELC
Zhol (£F3),

TAY = MEORGBREEBEINEIE 23,5 £ 3.5ml
kg/ FTHY, a2 PO A BOREMEENE
(189+33mlkg/5) & ) BEILE D 72 (P<0.0001)

peak VO, : R & EEF B,
EREREIC OV TR TSR,

(4, 5o KIFMTIE, 7R — PETIE. &
K718 4 (60.0%). AT 9% (30.0%). &
#7734 (100%) Tho7z (£4), —FH, a~
FO—ABETIE, BE4% (16.0%). EEED
7% (28.0%). KA 14% (56.0%) THh, T
AN EOERDKEPEELE» o2
(P<0.0001) (F4. 5)o

EEpP IR ARIIR L. WEEE S TR
FIZTHRT LR EIN T D 0o 2 BENE
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£S5 I PO—VEROSEFRAEKN LEHOTEME
No K& | F# | M| peakvVO2 | RAER ((AJKE R MR SREBBEONE
2 (mlkg/min) | (R DHE

1 TT. gs | B 207 83 S -

2 KT. 8 | Bt 19.7 85 e -

3 YS. g5 | HHE 202 84 edid -

4 K.S. 83 | B 17.1 90 & + fE
5 Y.H. 80 | BfE 19.7 85 i -

6 UsS. 79 | B 242 73 = -

7 KT. 83 | Bt 19.8 85 ke -

8 TS. 87 | Bt 15.6 9 1K -

9 LY. 8 | Bt 21.2 81 = -

10 HS. 76 | &k 19.6 87 1%, -

11 M.O. 79 | 2tk 214 79 i N

12 LY 76 | it 15.6 103 & -

13 N.L 75 | &t 16.5 100 & + TEER
14 S.S. 77 | &t 249 65 = -

15 MK 78 | &t 15.6 103 % + i
16 UF. 77 | T 13.1 114 &% + HE
17 HH. 77 | &t 20.2 84 i -

18 HY. 78 | =ik 17.0 98 1K + fE
19 H.S. 76 | Kt 156 103 & -

20 MK 81 | Wit 20.0 85 e B

21 M.S. 83 | B 218 80 s -

2 S.S. 78 | BE 16.6 93 13 .

23 KY. 81 | B 24.1 74 & -

24 U.S. 77 | Tt 127 115 & -

25 NY. 77 | & 19.3 88 1% .

mean 80.0 189 89.4

SD 37 33 123

PREFIMT L CHIEICE - 2137 X)) — a4
(GENE R &, ERL2AEIR &, GRZA
ERBIUOLEX EoBMHELBEIE, LB
MEDEMmMEECHEIZ), T3y b o — Vs
(HEMEER3R. GRAAERI &, CBYLE
DIEMBEELHB I %) ThHhotze TR — MEE
D1 LI RE IR THilk L72za5, BESIC
EEOBEFEREEZ CNLFRIZBO LD
AR

B CHETOED 4% (T 2) — FEE2
%,y rO—VEER2E) VoA EmENT A
DIZHEBFILICE - 72FHTED o 7o v 2
D&, BEMERSETPELA4% (TAY =1

peak VO, : BEMEENE.
fElR Il DV TIER B R,

1%, 20— VEE34) Budhd EFMm
E&ETH-7.

LDEME, FEOBMERLE T AY — M2
. 3Y FO—VEI1GIB0 wThd g
T EOHBEIRIIED R Do 72, RIZ86 KR
TA) - rOLEBEBHARERLL

7 AU = MRETE, LCEERPAE (PVC) *
WS 7 (16.7%) . BEHFOE (30.0%) ., EE)
HT#8% (26.7%) ik 7-. BB, PVC. %
EEVALE AR RWEACE 22U Abad oPL ¥ 1 k-2l
L7zo CO2RDOINFRIISOBEMEO.LEMT) & 18
M OEEEHE L 2 BB CLLERDAID
HAFITHoe T2 PO VEETIE, KRR
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EBNH] EERTER

BT®&2D

LIRE68

LaE 119

DIE¥8S

B, 8omBMH7 ) — oEFHHEFLENTR
EEFRTHERZ, #TH290O.0EME, RE ()
MY e BMEST TRAED,

% (8.0%). EEjHH 6% (24.0%). EER THT
% (35.0%) (IPVCs 2B 7z, EBP, PVCi %
EOTetN ) b1 ZIFER L0 E N F Pl
L7z ZONVRIEE T EEETHL D L0 ERD
EHGEE,- 7.

TR — METIE, TEF34 (10.0%) . EE)
hes (200%), EEHRTH 122 (400%) I
LSS (SPVC,) %7, | RILH
BX ) LEAE RS, EEP, 14 SPVC D
&R wBOH, LEMBRLBEEERERED
hhot, BERTHSBTSPVCDEFHE, |
ZTERLYBPDID, WTRORHOATHRA
HEkLl, oy bo—VEETE, TFEE L4 (40
%), BB T7% (35.0%) . EEFET %104 (40.0
%) IZSPVCs m B 7, EET, 1A SPVC. D%
BEDDIN, LEMEIC RIS %
ot BRI TH 1B TSPVC.OERE L WD
M, BHOATEHKRIIERL

BEORLMICEET IEF

1. F#h
BHEREENBETH B IZ, TA) —
FMELLBW T4 4T RTHOEULETH- /2
ALy b E— VBBV TS B, 7084
Z. 0128 THo7r (E4BLUS),

2. BREBRET

Mo T e <, BEMNE LATHRIEL4%
(7AU—EE14, o ba—LEE3L) 3w
FTRIEFMEETH o7, LHELDTHIEL

3BEOSH, TAY— 22T EN
L BwIRIE, BRmEA L TRy o/, —H,
HEHEOBIMEELD R Loy bo— L #
| ZIdFEME, BEEME, MR A L. En
IEBRTHEBETFDOISELMETH o7, BRER
BRI LAy bo— VEIBIIBILES S
PROLEZ AL TWiz05, 7AY — MEIBLIER
DA BEREFER/E L T ol

3. BREER
EBERBIRO 720 P U L 72§ R TOF THE
BEFERzED 227,

4, Fhk#
avbua-VETIE, BED, BEEHEC
13, EBEIRERE T B L h o 105 KIETE 14
54 (357%) (CEBIGEREEL RO (R
5)e = TAY— MEETI, BEERIE 1I8%T3
% (16.7%). BEAHFEIAT 18 (1L1%) 2
B CRME LR, REDE 3L TILHESER
WEBErPohh ol (F4),

A
BUEWMI ) — b7 R — MIB I EEEHOREN
BEERTY — N TR = MIBWT. &Y
A& = AR—IKETOFRBEEEMTL LI
BARODEISET 5 3 THERER LERELE
CEREFHEL D 2EN0E M 268 LEL B
BEOEUFAEEE 2 EEITV) 2EDFE W
LRSI T,



GZHEmTY -7

7 A} — PECBWTIE BN RE R DF DT
6.7%THYH, 2 bO—ILE48.0% L h HIRI
Dhxdrotz, o, BIRBOHEE b P74 WL
Hol A — AR—=VIITENT BN EL
RLTWABLY—FF A — DT EAEDIEE
METHH ., BEBAFRAEPD L WERNH

i%hﬁ%%tﬁfiﬁmm?T¢mﬁ%ﬁt
bEZLNAN, EMEGESIC LB REGR'S %
E@ﬁﬁ@@%&%ﬁ%ﬁ%i%ﬂq%nﬁﬁﬁ

LT/ O LI LIZHEE LT B HEED
H5.

FRHEEFHOTEMN
#7xu~%fu\m%ﬁfﬁﬂﬁ@ﬁﬁﬁ
WHLUZ2S, 7A)— FCIESOELEIZR
MO THE L. il \WTQXT_/@ﬁﬁ
P e 0BRATTESHOLLEUELTHOLE
BEETLHN 0B LIRS L, ZDRENE,
WIBLEBMRL)B.7AY — FNEICBWTES)
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