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As

AT

ATP

A-V O diff

A-V O diffmax

CO
COmaAx
CO,
DBP
DP
DP20
DPso
Ea

FR

Kvc

La
NO

Pd
PR

Ps

SAC
SBP
SV
SVMax
TCA

VC
VCO,
VO,
VO,MAX
VO,vt

Total Diastolic Area:
Total Systolic Area:
Applanation Tonometry:
Adenosine Triphosphate:
Arteriovenous Oxygen Difference:
Maximal Arteriovenous Oxygen Difference:
Cardiac Output:
Maximal Cardiac Output:
Carbon Dioxide:
Diastolic Blood Pressure:
Double Product:
Double Product during Exercise at 20 watt: 20
Double Product during Exercise at 50 watt: 50
Arterial Elastance:
Subjects in whom Favorable Record of Carotid Arterial Blood Pressure Waveform was
Obtained:
Hydrogen Ion:
Heart Rate:
Heart Rate Reserve:
1

Lactate:
Nitric Oxide:
Pressure:
Blood Pressure at End Diastole:
Subjects in whom Poor Record of Carotid Arterial Blood Pressure Waveform was
Obtained:
Blood Pressure at End Systole:
Systemic Arterial Compliance:
Systolic Blood Pressure:
Stroke Volume: 1
Maximal Stroke Volume: 1
Tricarboxylic Acid:
Volume:
Volume Clamp:

Carbon Dioxide Output:
Oxygen Uptake:
Maximal Oxygen Uptake:

Oxygen Uptake at Ventilatory Threshold:
Ventilatory Threshold:



WR . Work Rate:

ACO/AWR

ADP50-20 20
AEa/AWR

AV/AP

AV/AP/NV

AVO,/AWR
% HRR
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ATP;
Adenosine Triphosphate

ATP

1 CO; Cardiac Output

Fig. 1-1 ©

6)

V; Volume P; Pressure
AV AP 48)

AV AP V



13,43,78,79,85)

14)

79,85)

14,78)

2,3,36,39,78,85)

13 12

10

55,61)

67)

CO

13,43)

13,14,43,78,79,85)



65

11

322 %

13



23)

40,79)

58)

SAC

31,71)

SAC Systemic Arterial Compliance

12

49)

30,31)

58)

SAC



SAC

49) 13,14,42-44)

SAC 75 SAC 60 % 40 %

AT; Applanation Tonometry

13 SAC

Cameron & Dart'?

3 74 AT

Bland & Altman'?

AT

Portapres TNO-TPD Biomedical

Instrumentation VC; Volume Clamp VC

11,24,25)

13



CO

SAC

6)

60)

6)

86)

CO; Cardiac Output

CO

47)

63)

14

19)



60)

Oxide

62)

2,3,36,39,78,85)

95)

50,84)

64)

10 %

56,58,79)

85)
36,39)

7)

94)
NO; Nitric

57)

15



o 8
64)
64)
20 %
2,3,36,39,78,85)
30 % 19)
43,58,79)
73 % 42 13.5
75 % 30
69) 60 %
75)

16

53

79)

10 %

13)



16

80 %

130

10 17 %

1,030 kcal

15 RM

20 30

10

15

79)

17

85) 30 32) 40 68)

52)

10 4
13,32,68,79)
75 % 6
39)
2
7 50 %
38)
37)
53,54)
5 30
60 70 %



NO

51)

VO,Mmax; Maximal Oxygen
Uptake VT; Ventilatory Threshold VO,vT; Oxygen

Uptake at Ventilatory Threshold 83)

VO,vT  VO,MaX 81,82)

VT

88)

VT 12,66,80)
93) VT

VT

VO,vT

VT 38)

18



TCA; Tricarboxylic Acid ATP;
Adenosine Triphosphate TCA
TCA
H'; Hydrogen
Ion La; Lactate H'
CO,; Carbon Dioxide
CO,
82) La
74) H*
S La H' VT 0
VT
» VT
VO,; Oxygen Uptake
CO A-V O,diff; Arteriovenous Oxygen Difference CO

A-V O,diff

18)

CO COwmax; Maximal Cardiac Output A-V O,diff A-V O,diff max;

Maximal Arteriovenous Oxygen Difference

21,26,61) CcO HR; Heart Rate 1

19



SV; Stroke Volume

SV

V02VT

VO,mMax VO,vT

33)
2.3 ml-kg™" min”’
Ogawa et al.®"
VO,max 40 %

CO

55)

HR

26,61)

SV

VO,MAX

10

VO,vT

COMAX

30 %

20

86)

96)

1,16)

VO,MAX

2.2 ml'kg™" min™’

18 31

A-V O,diffmax

60 %

SV

VO,MAX

16)

33,65)

3.8 ml'kg”-min™
1.6 ml-kg™" min’

61)

51 72

30 % 10 %
VO,

VO, CO



4,70,72,92)

VO,MAX 2)

80 % VO,max 3.3

60 % VO,max 1.3 VO,MAX
60 69 40 % HRR; Heart Rate Reserve 107
bpm 27 4.6 6 70 VO,MaAX
10 % 60 38 % HRR 112 bpm
25 3.1 9 VO,max 16 %

K 15 RM

10 15 1 2 7 50 % VO,max 20 30 2
6

VO,MAX 38)

21



COMAX N\

21,26)

26)

COMAX SVMmax

VO,MAX

SVMax; Maximal Stroke Volume

NAY A-V O,diff

A-V O,diffmax

A-V 0O,diffmax

61)

50 60 % VO,MAX SV A-V O,diff
20 55 75 % VO,max 30 50
92)
18 77
n=151 r=0.44 )
n=43 r=034 ¥ 30 59

VO, MAX 64.8 ml-kg'l-min'l

40.0 ml-kg™" -min’

VO,MAX n =50

43)

VO,MAX

n =146

r=-0.34

=53 r=-0.66

n=47 r=20.66
Vaitkevicius et al.®”
VO,MAX
r=-0.49

VO,MAX

22

r=0.37

21

Tanaka et al.”®

13)

96



14)

VO,vT

38)

VO,MAX

23



SAC Systemic Arterial Compliance
SAC

VC; Volume Clamp

HR; Heart Rate CO; Cardiac Output SBP;

Systolic Blood Pressure

24



SAC VC

VT; Ventilatory Threshold VO,vT;

Oxygen Uptake at Ventilatory Threshold

SAC VC

25



vC Portapres TNO-TPD Biomedical
Instrumentation 100 Hz

VC

90)

Beat Scope, TNO-TPD Biomedical Instrumentation
11242590 Beat Scope

15
1 SV; Stroke Volume Liu et al.*” Fig. 3-1

SAC 1

26



SAC

SAC SV VC
Beat Scope 71.89) 1
SV Beat Scope SV SBP
DBP; Diastolic Blood Pressure HR
15
Portapres 2
20 4 HR
SBP > 250 mmHg 10 watt/min
30 watt/min 20 watt/min

VO,; Oxygen Uptake

VCO,; Carbon Dioxide Output AE 300S
Portapres Beat
Scope SBP DBP HR SV 1
VT WR; Work Rate
VO AVO,/AWR ~ ***¥ CO SV x HR
ACO/AWR 9 VO, CO 15

34,35,46) 1 VT

WR VO, CO VT VO, VCO, 15
Beaver et al.”  V-slope VO, VCO,

27



34,35)

WR

AEa/AWR Ea

SBP SV

Ea=0.9 x SBP/ SV

DP = SBP x HR

DP
SBP HR
20 DPBP system
HR R-R
R
VT

AVO,/AWR ACO/AWR

Ea; Arterial Elastance

15,41)

DP; Double Product **

100 g
r=0.90 ) DP
DPBP system
SBP R
R
VO,vT VO,vT
VO,

28

AVO,/AWR



33)

watt/min 29)

60 watt/min

AVO,/AWR

AVO,/AWR ACO/AWR

87)

WR

WR

AVO,/AWR

AEa/AWR

80 % VT 30

29

22)

59)

VO,vT

10 30
15 30 watt/min AVO,/AWR
28) 15
28)
15 watt/min 30 watt/min

WR



SAC Systemic Arterial Compliance

Pressure AV AP

49)

V; Volume P;

AT; Applanation Tonometry

Instrumentation

Scope; TNO-TPD Biomedical Instrumentation

11,24,25)

SAC

30

13 AT

Portapres  TNO-TPD Biomedical

VC; Volume Clamp 20)

Beat

SAC

VC

VC AT



47 40

SBP; Systolic Blood Pressure

Diastolic Blood Pressure

15
AT

15

AT 1,200 Hz

BTFC
49 SAC
1
KAT 15
+ Kvc Kar

Bland & Altman'?
95 % + 1.96 x
+ X t t

p <0.05

31

HR; Heart Rate

VC

vC

Table 4-1-1

VC

DBP;

formPWV/ABI

AT

95 %

Kvc



Kvc 1.64 +£0.13

r=0.73 Fig. 4-1-1

95% -0.26 0.11
Fig. 4-1-1
+0.12
-0.05+0.08 95%
-0.07 -0.02
Liu et al.*”
vC
13) VC
VC
VC

90)

32

Kar 1.71 £0.13

- 0.07 £ 0.09

95% -0.10 -0.04

Kvc 1.62+0.10

r=0.76 Fig. 4-1-2

-0.20 0.10
Fig. 4-1-2
11,24,25)
VC
Kvc AT

11)

Portapres Beat scope

11,24,25)

95%

Kar

AT

Kat

SAC

1.67

SAC



11,25)

Cameron & Dart

AT
40
Portapres
1
89) AT
13,14,42-44,87)
vC

9 14 mmHg

11,25)

91)

1 11 mmHg -2

SAC

vC
SV; Stroke Volume
SAC SV

AT

33

7 12 mmHg

24

mmHg

74

Bland & Altman'?

47

15

AT



47

r=20.76

vC

SAC

SAC Systemic Arterial Compliance

AT; Applanation Tonometry

AT
SAC
VC; Volume Clamp
40 VC AT
AT r=0.73
SAC
VC

34



65 %

42)

SAC
Portapres vc *?
Portapres
SAC
SAC
VC
AT
a
22 11 11
11 11
15

35

30

VC

22

VC



formPWV/ABI
30
VC
AT
VvC 3
AT
1,200 Hz BTFC
) SAC 1
15 VC AT
1
Kar
SBP DBP HR VC
1 15
HRR; Heart Rate Reserve
HR % HRR
% HRR = HR - HR x 100/ 220- -
=+ Kvc  Kar
Bland & Altman'®
95 % + 1.96 x 95 %
+ x t t -1 t
SBP DBP HR t

36

AT

Kvc

HR



Fig. 4-2-1 AT

AT 1

vC AT
64 % 14 /22, Table 4-2-1 86 % 19/22
Table 4-2-2 91 % 10/ 11

100 % 11/11

36 % 4/11 73 % 8/11
15 0
5 AT
Table 4-2-1
Table 4-2-2 HR
% HRR
Kvc  Kar AT
Kvc 2.07 £0.21 Kar 2.00+0.19
r=0.89 Fig. 4-2-2 0.07 £0.10 95%
-0.12 0.26 95 % 0.01 0.13
Fig. 4-2-2 Kvce 2.20+0.20 Kar 2.18£0.18
r=0.83 Fig. 4-2-3
0.02 £0.11 95% -0.20 0.24 95% -0.03

37



0.08

AT

64 %

AT

Fig. 4-2-3
AT
86 %
36 %
\Ye AT
vVC
% HRR
% HRR

38

VC

73 %

VC

SAC

SAC

AT

AT

AT SAC



AT

SAC Systemic Arterial Compliance

Volume Clamp

SAC

39

VC

Kvc Kar
AT
Kvc Kart
% HRR 20

SAC

VC;



22

30 5

AT

r=0.89

22 VC

AT; Applanation Tonometry

VC 100 %
64 % 86 % SAC
VC AT
r=0.83
SAC VC

SAC

40



64) 64)

10 % 20 %

2,3,36,39,78,85)

30 % 19)

86)

19)

41



36 59 77 39 18 33
Table 5-1-1 26
10 5 34
17
59 70 ,n=1,
146/91 mmHg; ,n=13, 220 249 mg-dl’
150 170 mg-dl’; ,n=06, 110 126 mg-dl™
b
VO,; Oxygen Uptake
Cc
15 SAC Systemic
Arterial Compliance SBP; Systolic
Blood Pressure DBP; Diastolic Blood Pressure HR; Heart Rate
1 SV; Stroke Volume 3
WR; Work Rate Ea; Arterial Elastance

42



AEa/AWR CO; Cardiac Output ACO/AWR

VO, AVO,/AWR 3

SV SAC 15 Du Bois 7

I+

p <0.05

SAC 0.88 +0.26 vs 1.42 + 0.26 mI'mmHg'-m™, Fig.
5-1-1  ACO/AWR 40.7 = 13.3 vs 55.5 + 16.9 ml-min"-watt”', Fig.5-1-3
AVO,/AWR 8.9 £ 1.0 vs 10.0 = 0.8 ml-min”'-watt™', Fig. 5-1-4
AEa/AWR 1.02 £ 0.78 vs
0.09 £ 0.21 mmHg-ml"-watt”' x107 | Fig. 5-1-2
AEa/AWR SAC
r=-0.61 r = - 0.36, Fig. 5-1-5
AEa/AWR SAC r=-0.15, Fig. 5-1-5
SAC ACO/AWR AVO,/AWR r=0.49,
Fig. 5-1-6 r=0.56, Fig. 5-1-7 r=0.36, Fig. 5-1-6
r=0.37, Fig. 5-1-7
r = 0.22, Fig. 5-1-6 r = 0.25, Fig. 5-1-7

AVO,/AWR AEa/AWR ACO/AWR r=-0.56, Fig.

43



5-1-8 r=0.45, Fig. 5-1-9 r=-0.49, Fig. 5-1-8

r = 0.46, Fig. 5-1-9

r=0.11, Fig. 5-1-8 r=0.16, Fig. 5-1-9
19)
SAC ACO/AWR AVO,/AWR
86)
15) 19)
HR
SAC
ACO/AWR AVO,/AWR
10 %
64)
64)
20 %

44



ACO/AWR

2,3,36,39,78,85)

SAC

30 % 19

SAC AEa/AWR

AEa/AWR AVO,/AWR

AVO,/AWR

AEa/AWR

45

SAC



n=36 n =39
SAC Systemic Arterial Compliance
WR; Work Rate
Ea; Arterial Elastance AEa/AWR CO; Cardiac Output
ACO/AWR VO,; Oxygen Uptake AVO,/AWR
SAC 0.88 + 0.26 vs 1.42 + 0.26
ml'mmHg''m? ACO/AWR 40.7 + 13.3 vs 55.5 + 16.9 ml-min”" -watt™' AVO,/AWR
8.9+ 1.0 vs 10.0 £ 0.8 ml'min'-watt™’ AEa/AWR
1.02 £ 0.78 vs 0.09 + 0.21 mmHg-ml ' -watt™  x107?
SAC AEa/AWR r=-0.61 r=-0.36 ACO/AWR r=0.49

r=0.36 AVO,/AWR 1 =0.56 r=0.37

AEa/AWR, r =-0.15; ACO/AWR, r = 0.22; AVO,/AWR, r = 0.25

46



47)

CcO

CO

14)

15)

47



Product
a
100
Table 5-2-1
18

n = 50;
129 219 mg-dl’';
n = 50;

220 249 mg-dl’';

SBP HR

SBP HR DP; Double

49 82 36 19 28

64 18

36

51 79 ;SBP/DBP90 139/50 89 mmHg;

30 149 mg-dl™'; 48 109 mg-dl’

49 82 ; SBP/DBP 140 157/90 96 mmHg;

150 190 mg-dl’'; 110 136 mg-dl’

WR 10 watt/min

30 20

DPBP system

48



DP

SAC

Product during Exercise at 20 watt

Product during Exercise at 50 watt

20

SV

SAC

DP2o

SAC

DPso

15
WR 20
WR 50
WR 50 DP
SAC 1)
0.425 % 0.725 % 000718
DP20 DPso ADP50-20
DP2o DPso
Fisher r z
Fisher PLSD
=+

49

SAC

DP20; Double

DPso0; Double

ADP50-20

Du Bois 7

p <0.05



SAC Table 5-2-2 SAC

SAC

SAC p =

0.75 DP2o

p=0.07 .DPso

ADP50-20
p = 0.07
ADP50-20
SAC DP20 r=-0.51, Fig 5-2-1 DPso
=-0.57, Fig 5-2-2 ADPso-20 r=-0.47, Fig 5-2-3
SAC  DPso DP2o
SAC DP2o r=-0.49, Fig
5-2-1 r=-0.49 r=-0.48
r=-0.11, Fig 5-2-1
SAC DP2o
SAC
DPso r=-0.52, Fig 5-2-2
r=-0.54 r=-0.48

r=-0.10, Fig 5-2-2

20



SAC DPso

SAC

0.38, Fig 5-2-3

p=0.14
ADP50-20
r=-0.47

SAC

o1

SAC DPso

DP

DP2o
p = 0.06
p=20.16
r=-0.40, Fig 5-2-3
r=-0.34 r=-

SAC ADP50-20

DP

SAC



60)

10 %

30 %

SAC

78)

SAC DP DPso

92

2,3,36,39,78,85)

15)

SAC
SAC DP2o
9)
DP2o

64)

DPso



CcO

SAC ADP50-20

SAC ADP50-20

62)

38,39,79)

SAC

93



Systemic Arterial Compliance

DP; Double Product

n =100 n =36
20 4 10
SAC DP DP20; Double Product
during Exercise at 20 watt 50 DP DPso;

Double Product during Exercise at 50 watt

SAC DP2o r=-0.51 r=-0.49
r=-0.49 r=-048
r=-0.11
SAC DPso r=-0.57 r=-0.52
r=-0.54 r=-048
r=-20.10

94



Output 19)

18)

Uptake 13,43,79)

93)

VT, Ventilatory Threshold

64) 56,58,79)

15)

0,diff; Arteriovenous Oxygen Difference

at Ventilatory Threshold

95

19) CO; Cardiac

VO,MAX; Maximal Oxygen

14)

38)

12,66,80)

2,3,36,39,78,85)

VO,; Oxygen Uptake

CO A-V

55)

VT VO, VO,vT; Oxygen Uptake



46

Table 6-1

53 72

mg-dl™’

VO,

Arterial Compliance

VO,vT

53 77

11

146/91 mmHg;

150

179 mg-dl™";

96

15

39 18 33
35
5 34

25

n=1
n = 21 220 249

n=7 110 126 mg-dl’
SAC Systemic

SBP; Systolic



Blood Pressure DBP; Diastolic Blood Pressure HR; Heart

Rate
V-slope VT
VO,vT
1 VT WR; Work Rate VO,
AVO,/AWR
VO, SV VO,vT SAC
13) Du Bois'”
0.425 x 0.725 x 0.00718
t
p <0.05
SAC 0.85+0.26 vs 1.42 + 0.26 mI'mmHg™"''m™, Fig.
6-1 VO,vr 13.4+2.2vs 19.1 £2.5 ml-kg”"-min”', Fig. 6-2
SAC VO,vt
r=0.65 r = 0.46, Fig. 6-3
r=-0.13, Fig. 6-3 AVO,/AWR VO,vT
r=0.61 r = 0.46, Fig.
6-4 r=0.17, Fig. 6-4

97



Tanaka et a

43)

VT

WR

VO,MAX; 64.8 rnl-kg'l-min'1

13,43)

.79 )

Vaitkevicius®’

VO,MAX

SAC

Cameron & Dart'®

75 %
Kingwell et al.*®

; 40.0 ml-kg ™' -min™'

19 VO,Max ™Y

Cameron et al.'?

Tanaka et al.”®

SAC VO,vT

98

13)

VO,vT



10 %

64)

20 %

15)

r=-0.36, Fig. 5-1-5

64)
2,3,36,39,78,85)
30 %
SAC WR
r=-0.15, Fig. 5-1-5
CO AVO,/AWR
r = 0.36, Fig. 5-1-6

0.25, Fig. 5-1-7 SAC

r=-0.49, Fig. 5-2-1 r=-0.52, Fig. 5-2-2

r = - 0.11, Fig. 5-2-1

VO,vT

99

SAC WR
r = 0.37, Fig. 5-1-7
r=0.22, Fig. 5-1-6 r=
20 50

r = - 0.10, Fig. 5-2-2

SAC



SAC VO,vT

VO,

60 %

18 31
A-V O,diff

AVO,/AWR

VO,

30 %

VO,vT

CO

60

51

VO,
72

10 %

CO

VO,MAX

61)

40%

WR

55)

30 %

CO



n =46 (n=139)
SAC Systemic Arterial Compliance

VO,vT; Oxygen Uptake at

Ventilatory Threshold SAC 0.85£0.26 vs
1.42 £ 0.26 mlI'mmHg "' -m™ VO,vT 13.4+22vs 19.1 2.5 ml-kg" min”'
SAC VO,vT r=0.65 r=0.46
r=-0.13

61



13,32,38,68) Cameron &

Dart'? %

. o) 130

38)

38)

38)

HR; Heart Rate

12
9 62.3 + 1.7

153 £3 cm 52.8 + 4.8 kg

I+

62



VO,; Oxygen Uptake

15 SAC Systemic
Arterial Compliance SBP; Systolic Blood

Pressure DBP; Diastolic Blood Pressure HR

VT, Ventilatory

Threshold VO, VO,vT; Oxygen Uptake at Ventilatory Threshold V-slope
> VT
1 VT WR; Work
Rate VO, AVO,/AWR
VO, Sv VO,vT SAC
1) Du Bois'”

04425>< O.725X0‘00718

VT 80 % WR 30

12 5 5

HR

63



HR

AVO,/AWR

SAC
7-1
SAC

r=0.34

WR

I+

2
p <0.05
4.3 0.9
SBP DBP
6 SAC VO,vt
7 SAC
VO,vT r = 0.30
SAC
VT AVO,/AWR

64

HR

Table 7-1

SAC VO,vT

HR

Fig. 6-3

VO,vT Fig.

AVO,/AWR

VO,vT



AVO,/AWR

22 %

SAC

VO,vT

9 12

SAC

AVO,/AWR

AVO,/AWR

65

SAC VO,vT

VO,vT

SAC

73)

64)



SAC

SAC

SBP 170—141 mmHg DBP 89—73 mmHg

42,76)

39,43,58,79,85) 13,32,38,68,79)

39)

38)

66



30 5

Compliance VT, Ventilatory Threshold

Oxygen Uptake at Ventilatory Threshold

12

67

80 %
SAC Systemic Arterial
VO,VT;

VT
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Table 4-1-1 Characteristics and hemodynamics of subjects.

Elderly Subjects

Young Subjects

Male Female Male Female

n=16 n=31 n=23 n=17
Age (years) 69.4 ( 6.1) 64.1 ( 5.5) 25.3( 2.3) 25.6 ( 2.7)
Height (cm) 164 (3 ) 152 (4 ) 170 (4 ) 161 (5 )
Weight (kg) 60.9 ( 5.9) 54.4 ( 5.2) 70.8 ( 6.6) 55.8( 7.1)
SBP (mmHg) 133 (26 ) 125 (16 ) 120 (11 ) 115 (9 )
DBP (mmHg) 79 (13 ) 74 (9 ) 74 (9 ) 65 (9 )
HR (bpm) 65 (12 ) 65 (9 ) 64 (8 ) 62 (8 )

86

Values are Mean (S.D.)



Table 4-2-1 Characteristics and hemodynamics of the elderly subjects.

n (rate) Rest Exercise t - Value

Age  (years) Male FR 10 (91 %) 69.1( 5.7) - -
PR 1(9%) 66.0( - ) - -

Female FR 4 (36 %) 65.8 ( 6.6) - -

PR 7 (64 %) 67.4 ( 5.0) - -

Height (cm) Male FR 10 (91 %) 164 (4 ) - -
PR 1(9%) 166 ( - ) - -

Female FR 4 (36 %) 150 (3 ) - -

PR 7(64%) 150 (4 ) - -

Weight (kg) Male FR 10 (91 %) 59.7 ( 3.5) - -
PR 1(9%) 59.4( - ) - -

Female FR 4 (36 %) 58.5 ( 6.2) - -

PR 7 (64 %) 55.8 ( 7.9) - -

SBP  (mmHg) Male FR 10(91%) 123 (19 ) 157 (23 ) 10.5
PR 1(9%) 114 ( - ) 149 ( - ) -

Female FR 4(36%) 132 (14 ) 171 (7 ) 3.1

PR 7(64%) 126 (25 ) 162 (31 ) 5.5

DBP  (mmHg) Male FR 10 (91 %) 69 (9 ) 79* (8) 7.0
PR 1(9%) 69 (- ) 75 ( -) -

Female FR 4 (36 %) 61 (6 ) 75* (6 ) 4.0

PR 7 (64 %) 64 (9 ) 76* (10 ) 3.6

HR (bpm)  Male FR 10 (91 %) 69 (16 ) 83* (13 ) 8.9
PR 1(9%) 60 ( - ) 7 (-) -

Female FR 4 (36 %) 50 (9 ) 88* (8) 3.6

PR 7 (64 %) 62 (5 ) 86* (13 ) 7.1

% HRR (%) Male  FR 10 (91 %) 0.0( 0.0) 17.6* ( 4.6) 12.1
PR 1(9%) 0.0 ( 0.0) 16.0 ( - ) -

Female FR 4 (36 %) 0.0( 0.0)  28.7*(13.4) 4.3

PR 7 (64 %) 0.0 ( 0.0) 28.1* (13.2) 5.6

FR, subjects in whom favorable record of carotid arterial blood pressure waveform
was obtained; PR, subjects in whom poor record of carotid arterial blood pressure
waveform was obtained; *, p < 0.05 vs rest; values are mean (S.D.).
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Table 4-2-2 Characteristics and hemodynamics of the young subjects.

n (rate) Rest Exercise t - Value

Age (years) Male FR 11 (100 %) 25.2( 2.1) - -
PR 0( 0%) - - -

Female FR 8 ( 73 %) 249 ( 2.0) - -

PR 3( 27 %) 22.7 ( 0.6) - -

Height (cm) Male FR 11(100%) 170 ( 4 ) - -
PR 0( 0%) - - -

Female FR 8 ( 73 %) 160 (6 ) - -

PR 3(27%) 163 (6 ) - -

Weight (kg) Male FR 11 (100 %) 69.2 ( 5.5) - -
PR 0( 0%) - - -

Female FR 8 ( 73 %) 55.3 ( 6.4) - -

PR 3( 27 %) 56.2 ( 4.9) - -

SBP  (mmHg) Male FR 11(100%) 115 (8 ) 121* (8 ) 3.8
PR 0( 0%) - - -

Female FR 8(73%) 118 (15 ) 132* (13 ) 4.2

PR 3(27%) 110 (11 ) 115 (12 ) 5.4

DBP  (mmHg) Male FR 11 (100 %) 67 (7)) 69 (6 ) 2.1
PR 0( 0%) - - -

Female FR 8 ( 73 %) 63 (7 ) 71* (8 ) 3.6

PR 3( 27 %) 61 (6 ) 61 (10 ) 0.2

HR (bpm) Male FR 11 (100 %) 64 (6 ) 82 (6) 8.9
PR 0( 0%) - - -

Female FR 8 ( 73 %) 65 (9 ) 88* (8) 10.3

PR 3( 27 %) 68 (10 ) 88 (9) 2.7

% HRR (%) Male FR 11 (100 %) 0.0 ( 0.0) 13.8* ( 4.8) 9.6
PR 0( 0%) - - -

Female FR 8 ( 73 %) 0.0( 0.0)  17.8*( 4.4) 11.4

PR 3( 27 %) 0.0 ( 0.0) 14.7 ( 9.4) 2.7

FR, subjects in whom favorable record of carotid arterial blood pressure waveform
was obtained; PR, subjects in whom poor record of carotid arterial blood pressure
waveform was obtained; *, p < 0.05 vs rest; values are mean (S.D.).
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Table 5-1-1 Characteristics and hemodynamics of subjects.

Elderly Subjects Young Subjects t - Value

Male / Female 7129 27112

Age (years) 63.4 ( 3.7) 24.2* ( 2.7) -53.2
Height (cm) 154 (7 ) 169* (7 ) 9.0
Weight (kg) 55.9( 7.3) 63.5* ( 9.5) 3.9
SBPREST (mmHg) 126 (15 ) 108* (11 ) -6.0
DBPREST (mmHg) 73 (8) 62* (8 ) -5.8
HRREST (bpm) 69 (10 ) 67 (12 ) -0.6
SBPW-up (mmHg) 164 (21 ) 128* (14 ) -8.9
DBPw-up (mmHg) 83 (11 ) 74 (9 ) -4.3
HRw-up (bpm) 87 (14 ) 85 (12 ) -0.6

W-up, just before the end of warming up exercise; *, p <0.05 vs the
elderly subjects; values are mean (S. D.).
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Table 5-2-1 Characteristics and hemodynamics at rest.

M/F Age Height Weight SBP DBl

(years) (cm) (kg) (mmHg) (mmkE

Elderly Subjects 22/78 64.9 (6.8) 154 (7) 546 ( 7.0) 125 (16) 76
without RF 14/36 64.8 (7.2) 155 (7) 546 ( 7.7) 120 (14) 73
with RF 8/42 65.1 (6.5) 152 (6)b 54.7 ( 6.2) 129 (17)b 78
Young Subjects 12/24 215 (2.7)"""0'C 162 (8)a'b’° 57.7 (10.8) 114 (13)*° 67
t - Value (Elderly, Young) - 37.3 6.4 2.0 -8.3 - 2.
F - Value (without RF, with RF, Young) 690 23 2 12 18

RF, coronary arterial risk factors;? p <0.05 vs the all elderly subjects; b p <0.05vs the elderly subjects w
°,p <0.05vs the subjects with risk factors; values are mean (S. D.).

90



Table 5-2-2 Hemodynamics during exercise.

M/F SAC SBP20 HR20 DP20 SBPs0 HR50 DPs0

(ml mmHg* m?  (mmHg) (bpm) (mmHg bpm) (mmHg) (bpm) (mmHg b

Elderly Subjects 22/78 0.93 (0.26) 144 (20) 88 (12) 12,766 (2,924) 164 (25) 104 (15) 17,213 (4
without RF 14/36 0.95 (0.29) 139 (19) 88 (13) 12,286 (2,847) 156 (27) 101 (16) 16,146 (4
with RF 8/42 0.91 (0.23) 148 (21)° 89 (12) 13,247 (2,950) 171 (25)° 106 (15) 18,280 (4
Young Subjects 12/24 1.27 (0.20)*"° 120 (14)*"° 89 (12) 10,647 (1,904)*"€ 132 (16)*"° 103 (12) 13,642 (2
t - Value (Elderly, Young) 7.1 - 6.6 0.1 -4.0 -7.0 -0.2 -4.4
F - Value (without RF, with RF, Young) 251 24.9 0.2 9.9 30.1 1.4 13.7

RF, risk factors; 2, p <0.05 vs the all elderly subjects; b p < 0.05 vs the elderly subjects without risk factors; ©, p < 0.05 vs the subjects wit
mean (S. D.).
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Table 6-1 Characteristics and hemodynamics of subjects.

Elderly Subjects Young Subjects t - Value

Male / Female 9/37 27112

Age (years) 63.6 ( 4.6) 24.2* ( 2.7) -47.1
Height (cm) 154 (7 ) 169* (7 ) 9.5
Weight (kg) 55.4 ( 7.1) 63.5* ( 9.5) 4.5
SBPREST (mmHg) 126 (15 ) 108* (11 ) -6.2
DBPREST (mmHg) 73 (8) 62* (8 ) - 6.6
HRREST (bpm) 68 (10 ) 67 (12 ) -0.9
SBPwW-up (mmHg) 166 (20 ) 128* (14 ) -9.9
DBPw-up (mmHg) 84 (11 ) 74 (9 ) -4.8
HRw-up (bpm) 88 (14 ) 85 (12 ) -1.1

W-up, just before the end of warming up exercise; *, p <0.05 vs the
elderly subjects; values are mean (S. D.).
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Table 7-1 Effects of exercise training.

Pre Training Post Training  t - Value

n=9 n=9
SBPREST (mmHg) 124 (12 ) 111* (@14 ) -3.1
DBPREST (mmHg) 7 (8 ) 65* (7 ) -3.2
HRREST (bpm) 71 (14 ) 72 (12 ) 0.3
SBPW-up (mmHg) 170 (22 ) 141* (15 ) -4.9
DBPw-up (MmHg) 8 (8 ) 73 (7 ) -8.7
HRwW-up (opm) 92 (20 ) 86 (13 ) -2.1
SAC (ml mmHg™ m?) 0.74 ( 0.10) 1.00* ( 0.21) 4.4
VOLVT (ml kg™ min?) 127 (0.9 ) 152* (1.2) 6.8
AVO,/AWR (ml min? watt™) 79 (08) 8.7 (04) 4.0

W-up, just before the end of warming up exercise; *, p <0.05 vs pre training;
values are mean (S. D.).
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Fig. 1-1 Windkessel function of the aorta (Beltz 1995).

Upper panel: During systole the ventricle (left) ejects the stroke
volume (100 %) into the aorta; around 50 % of the volume is
directly forwarded into the peripheral circulation (right), and the
other 50 % leads to an extension of the aortic wall and is stored
(storage volume). The energy needed to extend the wall is then
available in diastole.

Lower panel: During diastole the aorta passively contracts due to
its elastic properties, and, utilizing the energy stored during
systole, the other 50 % of the stroke volume is forwarded into the
peripheral circulation (including the coronary system). The
rhythmic pulsations of intravascular volume, induced by the
rhythmic actions of the heart, are buffered and converted into an
almost continuous peripheral blood flow by these elastic
properties of the aorta.
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Blood Pressure

Time

SAC =SV /K / (Ps - Pd)
K = (As + Ad) / Ad

Ps:
Pd:
As:
Ad:

Blood pressure at end systole
Blood pressure at end diastole
Total systolic area

Total diastolic area

Fig. 3-1 Calculation method of SAC.
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Favorable Record
Age, 65 years; Height, 163 cm; Weight, 64.5kg; HR, 70 bpm

NNV

Poor Record
Age, 64 years; Height, 150 cm; Weight, 46.8 kg; HR, 88 bpm

Fig. 4-2-1 Typical example of carotid arterial blood
pressure waveform.
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SAC (mlI-mmHg1m-2)

Elderly Subjects Young Subjects
(n = 36) (n=239)

Values are mean=S.D.

Fig. 5-1-1 Comparison of SAC between the elderly
subjects and the young subjects.
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Fig. 5-1-2 Comparison of AEa/AWR between the
elderly subjects and the young subjects.
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Fig. 5-1-3 Comparison of ACO/AWR between the
elderly subjects and the young subjects.
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Fig. 5-1-4 Comparison of AVO,/AWR between the
elderly subjects and the young subjects.
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Fig. 5-1-5 Relationships between SAC and AEa/AWR.

The dotted line is the regression line of the all subjects.
The solid line is the regression line of the elderly subjects.
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Fig. 5-1-6 Relationships between SAC and ACO/AWR.

The dotted line is the regression line of the all subjects.
The solid line is the regression line of the elderly subjects.
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Fig. 5-1-7 Relationships between SAC and A\'/OZIAWR.

The dotted line is the regression line of the all subjects.
The solid line is the regression line of the elderly subjects.
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Fig. 5-1-8 Relationships between AEa/AWR and
AVO,/AWR.

The dotted line is the regression line of the all subjects.
The solid line is the regression line of the elderly subjects.
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Fig. 5-1-9 Relationships between ACO/AWR and

AVO,/AWR.

The dotted line is the regression line of the all subjects.
The solid line is the regression line of the elderly subjects.
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Fig. 5-2-1 Relationships between SAC and DP2o.

The dotted line is the regression line of the all subjects.
The solid line is the regression line of the elderly subjects.
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Fig. 5-2-2 Relationships between SAC and DPso.

The dotted line is the regression line of the all subjects.
The solid line is the regression line of the elderly subjects.
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Fig. 5-2-3 Relationships between SAC and ADPso-20.

The dotted line is the regression line of the all subjects.
The solid line is the regression line of the elderly subjects.
The short dashed line is the regression line of the young
subjects.
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Fig. 6-1 Comparison of SAC between the elderly
subjects and the young subjects.
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Fig. 6-2 Comparison of VO,vT between the elderly
subjects and the young subjects.
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Fig. 6-3 Relationships between SAC and VOZVT.

The dotted line is the regression line of the all subjects.
The solid line is the regression line of the elderly subjects.
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Fig. 6-4 Relationships between AVO,/AWR and VO,vr.

The dotted line is the regression line of the all subjects.
The solid line is the regression line of the elderly subjects.

116



24
S 20
£
S_’ -
— 16 -
E
~ -
>N
o 12 -
> |
8 I l I I I l I I I
02 06 10 14 18 22
SAC (ml-mmHg1-m-2)
© Pre Training ® Post Tarainig

Fig. 7-1 Effects of exercise training on SAC and VOZVT
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