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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 ratel HRtivided by the increment
of norepinephringl NECtoncentration from rest to peak exercisel A HR/logA 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 groupl n[J
34Cand the non-DM groupl n 11401 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 group) pO 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 10 Patient characteristics

DM groupd Non-DM groupl pvalue
OnOd3400 OnO11400
Ag8l yr0 O 59.4+ 85 [ 57.7+ 10.30 NSO
Men/women( 3130 101/130 NSO
Maximum CK-MBI 1U/10 O 260.6+ 178.40 276.8+ 212.40 NSO
LVEE %0 O 47.6+ 10.40 50.3+ 9.1 O NSO
Medication ad ad
Nitrates(] 281820 0 7170 680 O NSO
Calcium antagonistsl] 0 2600 O 31 280 0 NSO
ACE inhibitors 24 710 O 50 440 00.01

Continuous values are mean+ SDO O [0 %.0

DM diabetes mellitus; CK-MBUO creatine kinase myocardial band; LVEFO left ventricular ejection

fraction; ACEL angiotensin converting enzyme.
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Table 200 Changesin heart rate and norepinephrine from rest to end of exercise

DM group Non-DM group p value
HRI beats/minC O O O ad
0 1 monthO ad a |
00 0 RestO 79.9+ 10.80 72.6+ 10.900 0 0.0010
00 0O PeakO 139.0+ 129 O 142.7+ 185 O NSO
O0O00AHRO 59.1+ 13.20 69.5+ 17.10 00010
0 3 months[d g a |
000 RestO 785+ 11.100 714+ 12.20 0001 O
00O 0O PeakO 1449+ 146 O 147.1+ 199 O NSO
0004HRO 66.4+ 13.40 75.7+ 18.10 00.05 O
NE pg/miO O O O ad
0 1 monthO ad g |
O00RestO 266.9+ 162.40 261.3+ 149.600 NSO
00 0O PeakO 1,781.9+ 899.8 O 1,885.1+ 967.2 O NSO
OO0O0A4aNED 1,515.0+ 812.7 O 1,623.9+ 896.6 U NSO
0 3 months[ g a |
000 RestO 2774+ 949 O 250.2+ 134.30 NSO
00O 0O PeakO 2,234.3+ 1,251.800 2,092.5+ 1,126.901 NSO
O0O00ANE 1,956.9+ 1,198.2 1,842.3+ 1,093.5 NS
Vaues are mean+ SD.O
HRO heart rate;A O value of peak rest ; NE[ norepinephrine. Other abbreviation asin Table 1.
Table 30 Cardiopulmonary exercisetesting results
DM group Non-DM group p value
1 month(J ] O ad
Anerobic threshol@ mI/min/kg O 15.0+ 2.8 16.0+ 23 O 0005 0
Peak Vof] mi/min/kg O 28+ 46 248+ 43 [ 0005 O
PeTCO, at RC poinf] %0 O 5.6+ 05 6.3+ 060 00.001 O
VeN co, sopel] 323+ 53 29.4+ 50 [ 0001 O
3 months[ O O ad
Anerobic threshold mi/min/kg0 O 16.5+ 31 175+ 27 O NSO
Peak@o{:l ml/min/kgd O 24.6+ 59 26.3+ 58 O NSO
PeTco, at RC pointd %0 O 5.6+ 0.5 6.1+ 0.6 0 NSO
VeNco, slope 322+ 38 206+ 4.7 0001

Vaues are meant SD.O
0.0 oxygen uptake; Petco,[] end-tidal carbon dioxide pressure; RCO respiratory compensation; Ve minute
ventilation; @COZD carbon dioxide output. Other abbreviation asin Table 1.

2, 00o0bbbobooobooboooo0o0ouooog gbobmogbdpd 0.010 ph 0.05M
(Table2) 0000DbO00bO00obO0oo0ooOobDoOoDboioso
o0oo0oobO0o1g0oo3gobooboooog goodoobbobbbioooooobobANEOD
O000000DO0ODbO0DbOOpO 0.0010 pO 0.01™ gooooooboon
oobobobi1o30gouooboobobobooo
AHRO1ODOD30O0O00O0O0OO0ODOOOOOOOO
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1 month 3 months
BNP BNP
(pg/ml) P<0.01 (pg/ml) P<0.05
00 f 1 200 ¢
150 150
100 100
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.
BNPO brain natriuretic peptide. Other abbreviation as

inTable 1.
1 month 3 months
AHR/ogANE AHR/og A NE
P<0.01 P<0.05
30 — 30 —
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.
Abbreviationsasin Tables 1, 2.

DM  Non-DM

3. 000D0D0D00ODO0OD0ODOO (Table3)

O0o0opooo0o0oil0coooooooooooo
ODMpOoosMm30OIDOOIDOOUODOOOOOO
I e e e o o o R 22 S -
4.6ml/minkgd 00000 24.8+x 4.3ml/min/kg0 O O
godobododmpOooosmboobooo3ngon
00000 24.6x 590 26.3+ 5.8ml/min/kg0 0 O O
0o0o0o00o0oodggPerco,0 1000000O0O0ODO
0000 pOo0OlM@M3DO00ODOOODOODO
00 VeNco, doped 1000 30000000000
godddddoooouoooooooooo
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AHR/logANE NS AHR/logA NE P<0.01
|
40 40
35 35
30 30
25 = 25
20 20
15 15
10 10
5 5
1 month 3 months 1 month 3 months
DM Non-DM

Fig. 3 Changes in theA 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.
Abbreviationsasin Tables 1, 2.
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A HR/logA NE
30 r

nr =0.71

o p<0.0001

10 . L '

20 . %0 40
Peak VO2 (mVmin/kg)

A HR/log A NE

30 r 3 months

0

p<0.0001

IO 'l ' J
20 30 40

Peak \.102 (ml/min/kg)

Non-DM
A HI:/IOgA NE 1 month
T =050 .
<0.0001
30 p 0 o "

Wt WYy

20 . W
Peak VO2 (ml/min/kg)

A HR//log A NE

5 f

0 F

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 columnCgroups at 1monthl upper rowCand 3 month lower row
Peak oxygen uptake in each group was positively correlated withA HR/logA NE.
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