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Objectives. This study investigated whether myocardial infarction patients with diabetes mellitus had
lower heart rate reserve to exercise by measuring the increment in heart rate] HR[Hivided by the increment
of norepinephrink] NE[toncentration from rest to peak exercisel A HR/log A NE[ The difference in exer-
cise training effects was also investigated.

Methods. The 148 patients after myocardial infarction were divided into two groups, the DM group! n [
34[and the non-DM groupl nJ 1140 Cardiopulmonary exercise testing was performed in each subject at
1 and 3 months after the onset. Blood samples were taken at rest and immediately after peak exercise, rest
brain natriuretic peptide, rest and peak norepinephrine were analyzed. Exercise training was performed
from 1 to 3 months after the onset.

Results. Resting heart rates were significantly higher in the DM group than in the non-DM group both at
1 and 3 months although peak heart rates were not significantly different. Peak oxygen uptake were lower
in the DM group both at 1 and 3 months after onset of myocardial infarction compared to the non-DM
group. End-tidal carbon dioxide pressure was lower and the rate of increase of minute ventilation to carbon
dioxide output was higher in the DM group. Plasma brain natriuretic peptide was higher in the DM group.
A HR/logA NE was 19.4+ 4.0 in the DM group and 22.2+ 5.6 in the non-DM groupl pJ 0.010] and
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increased in only the non-DM group. A HR/logA NE was more closely correlated with peak oxygen
uptake in the DM group than in the non-DM group.

Conclusions. Impaired response to exercise training may be caused, in part, by impaired heart rate
reserve to exercise in patients with diabetes mellitus.
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Table 100 Patient characteristics

DM NeDMame

Agél yr[ 59.4+ 8.5 57.7+ 10.3 NS
Men/women 31/3 101/13 NS
Maximum CK-MBI 1U//0J 260.6+ 178.4 276.8+ 212.4 NS
LVEH %[O 47.6= 104 50.3% 9.1 NS
Medication

Nitrates 281 8200 70 680 NS

Calcium antagonists 91260 391 2800 NS

ACE inhibitors 241710 500 440 0o.01

Continuous values are meant SDO O [0 %.

DMU diabetes mellitus ; CK-MBUO creatine kinase myocardial band; LVEFU left ventricular ejection

fraction ; ACEO angiotensin converting enzyme.
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Table 2] Changes in heart rate and norepinephrine from rest to end of exercise

DM group Non-DM group p value
HRI beats/min( [
0 1 month
0 0O O Rest 79.9+ 10.8 72.6x 10.9 1 0.001
0 O O Peak 139.0+ 12.9 142.7+ 18.5 NS
OO0O0AHR 59.1% 13.2 69.5% 17.1 0o.01
0 3 months
0 0O O Rest 78.5% 11.1 714+ 122 0o0.01
0 O O Peak 144.9+ 14.6 147.1£ 199 NS
OO0O0AHR 66.4% 13.4 75.7+ 18.1 0o0.05
NE! pg/m/00 O
0 1 month
00O O Rest 266.9% 162.4 261.3% 149.6 NS
0 O O Peak 1,781.9+ 899.8 1,885.1+ 967.2 NS
OOOANE 1,515.0+ 812.7 1,623.9+ 896.6 NS
0 3 months
0 0O O Rest 277.4%+ 94.9 250.2+ 134.3 NS
0 0O O Peak 2,234.3+ 1,251.8 2,092.5+ 1,126.9 NS
OO0OBANE 1,956.9+ 1,198.2 1,842.3+ 1,093.5 NS
Values are meant SD.
HRO heart rate ;4 [ value of peak[] rest ; NEL norepinephrine. Other abbreviation as in Table 1.
Table 30 Cardiopulmonary exercise testing results
DM group Non-DM group p value
1 month
Anerobic thresholdl m//min/kgl] 15.0+ 2.8 16.0+ 2.3 0o0.05
Peak @oﬂ m//min/kgl] 22.8+ 4.6 24.8+ 4.3 00.05
PETCO, at RC point] %0 5.6 0.5 6.3+ 0.6 00.001
VeN o, slope 32.3% 53 29.4% 5.0 00.01
3 months
Anerobic threshol@ m/min/kgl] 16.5% 3.1 17.5% 2.7 NS
Peak @OD m//min/kg0] 24.6+ 5.9 26.3% 5.8 NS
PETCO, at RC point] %0 5.6% 0.5 6.1= 0.6 NS
VeNco, slope 320+ 3.8 296+ 4.7 00.01

Values are meant SD.

0,1 oxygen uptake ; PETCO,U] end-tidal carbon dioxide pressure; RCL respiratory compensation ; @ED minute
ventilation ; @COZD carbon dioxide output. Other abbreviation as in Table 1.
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1 month 3 months
BNP BNP
(pg/ml) P<0.01 (pg/ml) P<0.05
200 f 1 200 ¢
150 150
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50 50
0 0
DM Non-DM DM Non-DM

Fig.1 Comparison of brain natriuretic peptide
between the DM and non-DM groups
Brain natriuretic peptides at 1 and 3 months after the
onset of myocardial infarction were significantly higher
in the DM group than in the non-DM group.
BNPUO brain natriuretic peptide. Other abbreviation as

in Table 1.
1 month 3 months
AHR/IogANE AHR/logANE
P<0.01 P<0.05
30 — 30 1
25 25
20 20
15 15
10 10
5
0

DM Non-DM

Fig. 2 Comparison of A HR/logA NE in the DM and
non-DM groups
A HR/logA NE at 1 and 3 months were significantly
lower in the DM group than in the non-DM group.
Abbreviations as in Tables 1, 2.

DM Non-DM
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00 VeNco, slope0 100030000000000
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1 month 3 months 1 month 3 months
DM Non-DM

Fig. 3 Changes in the A HR/logA NE in the DM and
non-DM groups
A HR/logA NE significantly increased in the non-DM
group but not in the DM group.
Abbreviations as in Tables 1, 2.
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DM
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AHR/logANE
30 r

20 F

r=0.71
p<0.0001

10 M i i
40

20 .30
Peak VO2 (mV/min/kg)

A HR/logA NE

30 r 3 months

20 F

p<0.0001

IO 1 'l (]
20 30 40

Peak \.702 (ml/min/kg)

Non-DM
T =050 .
<0.0001
30 b p .‘ ...

Vat iy

20 ..
Peak VO2 (m/min/kg)

A HR/NlogANE

5 F

0 r

3 months .
r=0.53

p<0.0001

20 30
Peak VO2 (mV/min/kg)

Fig. 4 Correlation between A HR/logA NE and peak oxygen uptake in the DM left columnland
non-DMI right column[groups at 1 monthl upper rowand 3 monthk] lower row(]
Peak oxygen uptake in each group was positively correlated withA HR/logA NE.

Abbreviations as in Tables 10 3.

gbooooooocooooocooooobooooon
coooooooOoocoobocooboocooona

1. b0ooooocoocoooooobooobooobooo
cooooooo

OO0b0OO0000000AHR/IogANEODOOODODO
cooooooooooboocooboobocooboooo
cooooooooooboocooboocOooboooo
oooooooooooboooboboooboooo
obooobooobooooboooboooooooo
0°00000000000000D0000000O
0O ooo0000000o0oooooooooon
oooboooooooobooooboooboooo
0 O chronotropic incompetence 01 0 O 0O 0" 000
oooooobooOoOOOoOooooooooboooDoDoo
A HR/logA NEOU chronotropic incompetence J 0 O 0 [
ooooooooboooobooooboooboooo
ooooooooooobooooboooboooo

od
cooboooooooooboocOoOobooOoooon
bobooboooobOoobcobOaHROOOOOO
000000000000 0000o0D* ooooo
gobooooooobooooooOoooooOooOooon
gobooobooooboooooooooooooon
gobooobooooboooooooooooooon
gobooobooooooooooooooooon
gobooooooogoo
gboooooboooooodbooANEOOODO
gobooobooooooooooooooooon
goooooooooobooobooooboooo
gobooooooooooooooooobooooon
OA HR/logANEOOODOOODOODOODOOD
gobooooooooooooooooobooooon
gobooooooooooooooooobooooon
U00AHR/IogA NEOODODOOODOODOOOO
gb0oO000AHR/IogA NEOOOODOODOOOOO

J Cardiol 2003 Apr; 410 411 159-168



oobooooooooooocoOooOooooobooboooon
oobooooooooooocoOooOooooobooboooon
oooo

2. 0000000O00O0O0O0cOoO0oOo0od

gooboboboboooooobooboboboon
gboboooooooobogoboboobooon
OO 00000000000o0oonoooooon
gbobobooooooboobobobobooooo
000000000000 OReyO*0O0OOODO
gobooooboobboobuoobobooboon
gogbooooboobboobuoobobooboon
goddddoRrRROODOODOOOOOOOOOOOODO
gogbogooboobboooboobobooboon
gogbogooboobboooboobobooboon
UA HR/logA NEOODOOOOOOOOODOOOO
gobogoobooboooboobbooboon
O0oo0oooo"™Mmoo0oooooooooooo
gogboobobooboboooboobbooboon
000000000000000000O0000%4M
gobooboboobobooboboobboooboan
goboobobooboboooboobobooboan
0000000000000 000O0oOYooooon
obobobooooooboobooboboboooo
oboboboooooobooboboboboooo
U00000000AHR/IogANEOOOODOOODO
ooooobooboobobooboboboooboobog
obobobooooooboobobobooooo
goboboobooooo

gooboboboboooooobooboobobon
gooboboooooooobobobooooo
bobomoboboboboboooooogooo
gbobobooooooboobobobobooooon
gogo4as0s0ednbonbgnognogooooogn
gboboboooooboboboboboboooo
gobooooboobboobuoobbooboon
gobooooboobboobuoobbooboon
gogbooooboobboobuoobobooboon
0000000 Perco,000000000OOODO
gogboogooboobboooboobboobogon
gogbogooboobboooboobobooboon
gogbooobooboooboobbooboon

J Cardiol 2003 Apr; 4110 4T 159—168

oooooooooooooo 165

O000O0ONaODODOOODOOODOOODODOOOD
gboooooooboobobobobooobooogo
gboooooooboobobobobooobooogo
gooobooboooboobooboono
o®*" 00000000 Na000O000oO0OOoOooo
gbooooooobooboboboooooobooogo
gbooooooobooboboboooooooogo
gbooooobooboboboboooooooogon
gbobogooooi1boboobobooboooogo
goooog
O000GaletaD*0000000000000O0O
gobooboobbuooboooboobboon
gbobooboobobuoobooobooboboon
gooo3pgoobobbooooboobbooooo
gbbooboobbooboooboobbooo
gbobooboobbooboooboobbooo
gbobooboobbooboooboobboon
gbobooboobbooboooboobboon
gbobooboobboobooboboobboon
gbobooboobboobooboboobboon
gobboooobbooobbooobobooon
gbobooboobbooboobbooboob

j.ooooooooooobooobooooo
oo

coobooooboocoOoboooboooooooa
000000O00000o0ooO0oDOoooooo*™oo
coboooooboooobooooooooooooo
0000000000*®000000000onoon
0*000000000000000000000O0
cobobobooobooobooooooooooooo
ooo

gbooooocoobooooboo220000000
cboooooooos3goboooboooooiz200
coobooooboooobooooooooooooo
000000o0*000000000ooooooo
oooooOoobooooboooogoboooo
ooobooooboooooooooooooboooo
ooobooooboooooooooooooboooo
ooboobobooooooooooboooobobon
ooobooooboooooooooooooboooo
oooooooboooooooomooobooooon



166 oooooooo Ood

ooboboooooooboobobobooooooo
ooboboooooooboobobobooooooo
obooboooooboobooboboboboooooo
oooboooooooboobobobooooooo
gboboooooobooboobobobooooooo
00000000000 ®*Mmoo00000ooooon
gbobooooobooboobobobooooogo
gbooboon
gbobobooooogoobobobobooboo
gbobooooooboobobobobooooogo
dddddoooooooooooooooooon
dodoomoboobooooodddoooooogd
oo oooooooon
gooooobbooobbooobbooobobood
chronotropic incompetence 1 D 0000000010
gddddooooooooooooooobooboon
oo oooooooooon
oo oooooooooon
gooosgogouooobbobboooooooooo
oo ooooooboboboboon
oo ooooooboboboboon
oo ooooooboboboboon
ooboboooooobooboboboboooobooo
oboobooooboobooboboboboooobooon
oboobooooboobooboboboboooobooon
ooobooooboobooboboboboooobooo
ooboboooooboobooboboboboooogoo
ooboboooooboobooboboboboooogoo
ooboboooooooboobobobooooooo

gogboogobooboobguuooogn

goooo

goo:0o0o0o0boobobobobobobobooooooobooboobobOobOoDbOoo
goooboboooo0o0oooobobobobooo00ooobAaNEDODODODODoogoo
OAHRMOAHR/IogANEOOODOOOOODODOODODUOOOODOODOODODOODOOO
gogbooobooboobbooboobbo

gob:00boooboooobboooboooboomuogooD 340 bgoo o
ooobob:140@ooboboboooboobooboobooooOoIbobobobUooDooOos3o
ggoobobboooobobbobbboooobbbib0oobbDbAHR/TogANEDDDOOO
gogobobbboooobobbbooodb0NabbbObbooobbbbbooobbbboo o

ggo:goobbooob3ggobooboodobbooobobbooobbboooobobo

od

4, 000O0OO0OO0O0COODOO

gboooooooboobOoboboboooooog
goobobobooooooboobooboboboooo
goobobobooooooboobooboboboooo
00000000 O0*0o0000000oooooooon
goobobobooooooooobobobobo
gbobobobooooooboobobobobo
gbobooooboboboooboobgoboibsn
godbooooboobbooboobobooboon
gobooooboobobooboobobooboon
od

gobooboobboobooobooboon
gogbooogoboobobooboobbooboon
gogbooooboobbooboobbooboon
goboogoboobbooboobbooboon
goboogoboobbooboobbooboon
gobooooboobbooboobbooboon
gobooooboobbooboobbooboon
gd

gooog

coobooooobooooooooOoobooboOooooboo
gsgbooooOoooooooooooooooon
gobooocboOoobOoooboobocbooocooooo
obooooooobooooooooooboooon
goooooo

J Cardiol 2003 Apr; 411 4T+ 159-168



ooobooooooon

goo

I00000:000000D0O0mO0000O0O0ODODOD
goooD oo@moiobooooooobo?2o0t;
pp 970 104

0000000Db000DO0b0DO0bbOOoDOOoODOoOoOO
gbooooboooobobooobobooooon
goooooooo.oooboobooboboboo
gooooobooooobooboooobooooo
2000; 27: 690 74

30 Izawa K, Tanabe K, Ishiguro T, Omiya K, Yamada S,
Yokoyama Y, Suzuki N, Yamamoto A, Samejima H, Seki
A, Osada N, Itoh H, Miyake F, Murayama M :
Cardiopulmonary response abnormalities during exercise in
patients with acute myocardial infarction complicated by
non-insulin-dependent diabetes mellitus. Cardiovascular
Reviews and Reports 2001 ; 22: 7340 742

40 Akashi Y, Tanabe K, Osada N, Samejima H, Seki A,
Yokoyama Y, Nakayama M, Suzuki N, Omiya K, Itoh H,
Miyake F, Murayama M: Effect of angiotensin converting
enzyme inhibitor lisinopril on sympathetic heart rate
response during exercise in the early phase of acute
myocardial infarction. J Cardiol 2000; 36: 2210 229] in
Jpn with Eng abstr[]

50 Beaver WL, Wasserman K, Whipp BJ: A new method for
detecting anaerobic threshold by gas exchange. J Appl
Physiol 1986; 60: 20200 2027

600 American College of Sports Medicine: Clinical exercise
testing. in ACSM’s Guidelines for Exercise Testing and
Prescriptiof] ed by Johnson EPL] 6th Ed. Williams [
Wilkins, Baltimore, 2000 ; pp 910 114

70 Matsumoto A, Itoh H, Eto Y, Kobayashi T, Kato M, Omata
M, Watanabe H, Kato K, Momomura S: End-tidal CO,
pressure decreases during exercise in cardiac patients :
Association with severity of heart failure and cardiac output
reserve. ] Am Coll Cardiol 2000; 36: 2420249

80 Kanaya S, Fujino T, Komiya S, Ogaki T, Komuro T,
Suzuki S, Ogata M, Takushima A, Masuda T, Yoshimizu
Y, Mitsuzono R, Chiwata T, Yasunaga M, Machida H: The
responses of plasma catecholamines, serum potassium,
lipids and blood glucose levels during graded exercise and
recovery. Kenkokagaku 1985; 7: 510 58] in Jpn with Eng
abstr[J

90 Matsuyama T, Sato H, Kitabatake A, Ozaki H, Imai K,
Ishida Y, Hori M, Inoue M, Kamada T: Blunted cardiac
response to exercise-induced sympathetic stimulation in

J Cardiol 2003 Apr; 4110 4T 159—168

O00000DbD0o0ODbDOANEOOODOODOODOOOOOODOOODOIO30000000O0
ooooooooooOoooboOoooo0ooobOo0ooooOooooOoO0ooDO0oooOoOoOooon
OooooooooooobobooodoNaOOOOooOoooboooooooooooagnoa
A HR/ogANEOOOOOOOOOOM 194+ 40vs222+ 5.60p000130000000000
OobooOo0oboodoobOooboo00o0Oo0oboOo00obOoObO0dAHR/IogANEODODOOODOO
cobobobooobooobooooooboOoOoOboO0oOobOOoO0OobOboOoobooOoOoOooon
oob0:0000000000000000O0000C00O0000O00DOOObOO0O00AO0

J Cardiol 2003 Apr; 40114} 1590 168

oooooooooooooo 167

non-failing aortic regurgitation: Insight into role of cardiac
dilation in hyporesponse of failing hearts. Jpn Circ J 1992;
56: 1170127

1000 Colucci WS, Ribeiro JP, Rocco MB, Quigg RJ, Creager
MA, Marsh JD, Gauthier DF, Hartley LH : Impaired
chronotropic response to exercise in patients with conges-
tive heart failure : Role of postsynaptic 3 -adrenergic
desensitization. Circulation 1989 ; 80: 3140 323

110 Oikawa K, Fukuma N, Kimura Y, Mabuchi K, Munakata
K, Takano T: Attenuated heart rate response to exercise
correlates with severity of heart failure. Jpn J Appl Physiol
2001; 31: 3150322

1200 Keteyian SJ, Brawner CA, Schairer JR, Levine TB, Levine
AB, Rogers FJ, Goldstein S: Effects of exercise training on
chronotropic incompetence in patients with heart failure.
Am Heart J 1999; 138: 2330 240

130 Roche F, Pichot V, Da Costa A, Issaz K, Costes F, Dall’
Acqua T, Duverney D, Lacour J, Barthélémy JC:
Chronotropic incompetence response to exercise in conges-
tive heart failure, relationship with the cardiac autonomic
status. Clin Physiol 2001 ; 21: 3350 342

140 Roy TM, Peterson HR, Snider HL, Cyrus J, Broadstone
VL, Fell RD, Rothchild AH, Samols E, Pfeifer MA :
Autonomic influence on cardiovascular performance in dia-
betic subjects. Am J Med 1989 ; 87: 3820 388

150 Malfatto G, Facchini M, Bragato R, Branzi G, Sala L,
Leonetti G: Short and long term effects of exercise training
on the tonic autonomic modulation of heart rate variability
after myocardial infarction. Eur Heart J 1996; 17: 5320
538

1600 Bottini P, Tantucci C, Scionti L, Dottorini ML, Puxeddu E,
Reboldi G, Bolli GB, Casucci G, Santeusanio F, Sorbini
CA: Cardiovascular response to exercise in diabetic
patients : Influence of autonomic neuropathy of different
severity. Diabetologia 1995 ; 38: 2440250

170 Irace L, larussi D, Guadagno I, De Rimini ML, Lucca P,
Spadaro P, Romano A, Mansi L, Iacono A: Left ventricu-
lar function and exercise tolerance in patients with type []
diabetes mellitus. Clin Cardiol 1998 ; 21: 5670 571

180 Lang CC, Prasad N, McAlpine HM, Macleod C, Lipworth
BJ, MacDonald TM, Struthers AD: Increased plasma lev-
els of brain natriuretic peptide in patients with isolated
diastolic dysfunction. Am Heart J 1994 ; 127: 16350 1636

190 Clarkson PBM, Wheeldon NM, MacFadyen RJ, Pringle
SD, MacDonald TM: Effects of brain natriuretic peptide
on exercise hemodynamics and neurohormones in isolated



168 oooooooo Ood

diastolic heart failure. Circulation 1996; 93: 20370 2042

200 Galetta F, Piaggesi A, Prattichizzo FA, Ceraudo AM, Cosci
S, Giusti C: Cardiovascular effects of autonomic neuropa-
thy in insulin-dependent diabetes mellitus. Cardiologia
1995 40: 7690773

210 Letho S, Pyorala K, Miettinen H, Ronnemaa T, Palomiki P,
Tuomilehto J, Laakso M: Myocardial infarct size and mor-
tality in patients with non-insulin-dependent diabetes melli-
tus. J Intern Med 1994 ; 236: 2910 297

2200 Sugioka J, Ozawa S, Inagaki M, Fukuzawa S, Daimon M,
Kushida S, Tateno K : Influence of diabetes mellitus on left
ventricular function in patients undergoing coronary artery
bypass grafting. J Cardiol 2000; 36: 90 16

230 Koike Y, Nakagawa S, Kimura M : Influence of diabetes
mellitus and complications on long-term outcome of coro-
nary artery bypass surgery. J Cardiol 2000; 35: 90 17 in

Jpn with Eng abstr[]

2400 Howorka K, Pumprla J, Haber P, Koller-Strametz J,
Mondrzyk J, Schabmann A: Effects of physical training on
heart rate variability in diabetic patients with various
degrees of cardiovascular autonomic neuropathy.
Cardiovasc Res 1997 ; 34: 2060 214

2500 The Diabetes Control and Complications Trial Research
Group: The effective intensive treatment of diabetes on the
development and progression of long-term complications in
insulin-dependent diabetes mellitus. N Engl J Med 1993 ;
329: 9770986

260 Endo A, Kinugawa T, Ogino K, Kato M, Hamada T, Osaki
S, Igawa O, Hisatome I: Cardiac and plasma cate-
cholamine responses to exercise in patients with type 2 dia-
betes: Prognostic implications for cardiac-cerebrovascular
events. Am J Med Sci 2000; 320: 24030

J Cardiol 2003 Apr; 411 4T+ 159-168



