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Objective  To investigate the long-term outcomes of cardiac rehabilitation (CR) on exercise capacity in diabetic 
(DM) and non-diabetic (non-DM) patients with myocardial infarction (MI).
Methods  Of the MI patients who received hospital-based CR from February 2012 to January 2014, we 
retrospectively reviewed the medical records of the patients who continued follow-up through the outpatient clinic 
and community-based self-exercise after CR. A total of 37 patients (12 with DM and 25 without DM) were included 
in this study. Exercise capacity was measured by symptom-limited exercise tests before and after hospital-based 
CR and 1 year after the onset of MI.
Results  Before the CR, the DM group had significantly lower exercise capacity in exercise times, peak oxygen 
consumption (VO2peak), and metabolic equivalent tasks (METs) than did the non-DM group. After the CR, both 
groups showed significantly improved exercise capacity, but the DM group had significantly lower exercise 
capacity in exercise times, submaximal rate pressure products (RPPsubmax), VO2peak, and METs. One year after the 
onset of the MI, the DM group had significantly lower exercise capacity in exercise times, RPPsubmax, and VO2peak 
than did the non-DM group, and neither group showed a significant difference in exercise capacity between 
before and after the CR. 
Conclusion  As a result of continued follow-up through an outpatient clinic and community-based self-exercise 
after hospital-based CR in patients with MI, the DM group still had lower exercise capacity than did the non-
DM group 1 year after the onset of MI, but both groups maintained their improved exercise capacity following 
hospital-based CR. 
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INTRODUCTION

It is widely understood that diabetic (DM) patients have 
higher risk of cardiovascular disease than do non-diabet-
ic (non-DM) patients [1]. Because cardiovascular disease 
is the main cause of mortality in DM patients [2], the dis-
ease onset and mortality risk are two to four times higher 
in DM than in non-DM patients [3,4], and prognosis after 
myocardial infarction (MI) is worse in DM patients [5-7].

Cardiac rehabilitation (CR) with exercise training af-
ter MI significantly reduces cardiovascular morbidity 
and mortality [8,9], and this type of CR is categorized 
as a class 1 recommendation in most contemporary 
cardiovascular clinical practice guidelines [10]. The car-
diovascular mortality rate is reported to be 20% lower in 
patients who received CR after MI than in those who did 
not, and it was confirmed by Hedback et al. [11] that car-
diovascular mortality and total mortality after CR were 
reduced in the long term. In addition, the reduced car-
diovascular mortality after cardiovascular rehabilitation 
was still noticeable in patients over 65 years old [12]. 

Diabetic patients after MI show lower exercise capac-
ity than do non-DM patients [13,14]. Cardiovascular 
rehabilitation through exercise training helps diabetic 
patients improve their reduced post-MI exercise capacity 
[13,15,16]. However, previous studies demonstrated that 
the effect of CR was lower among DM than in non-DM 
patients in relation to exercise capacity after acute isch-
emic heart disease [17]. Another study with a large group 
of patients showed relatively similar degrees of exercise 
capacity improvement in DM and non-DM patients af-
ter cardiovascular rehabilitation [13,18]. However, most 
of the research has focused on comparing CR’s effects 
in DM and non-DM patients several weeks to several 
months after the rehabilitation.

Recently, it was reported that a long-term exercise ca-
pacity change had been observed through continued 
community-based self-exercise in patients who had suc-
cessfully completed a cardiovascular rehabilitation pro-
gram after MI. Madssen et al. [19] reported that exercise 
capacity stayed constant without significant change in 
patients who continued with community-based self-exer-
cise for a year after the post-MI hospital-based CR com-
pared with the patients who completed only the hospital-
based rehabilitation. However, recent studies have rarely 
focused on comparing exercise capacity in DM and non-

DM patients through long-term follow-up of patients 
who continued community-based self-exercise after CR. 

The aim of this study is to compare the improvement in 
exercise capacity after post-MI cardiovascular rehabilita-
tion in DM and non-DM patients; to monitor the dura-
tion of the improved exercise capacity through long-term 
follow-up with patients who continued with community-
based self-exercise and continued to manage risk factors; 
and, finally, to compare exercise capacity in DM and 
non-DM patients after a long period of time.

MATERIALS AND METHODS

Subjects
Of patients who underwent percutaneous coronary in-

tervention for acute MI in the department of cardiology 
in Regional cardiocerebrovascular center of Wonkwang 
University Hospital from February 2012 to January 2014 
and were referred to the Department of Physical Medi-
cine and Rehabilitation afterwards, the subjects over 30 
and below 70 years old were selected. With a retrospec-
tive review of medical records, the subjects were chosen 
1) who had participated in electrocardiography (ECG)-
monitored exercise at least four to eight times during 
eight weeks of CR; 2) who were followed up by the reha-
bilitation outpatient clinic for a year without giving up 
even after they had completed the cardiovascular reha-
bilitation program; and 3) who had received community-
based self-exercise training.

The following subjects were excluded from the study: 
those who had a history of acute cardiovascular disease, 
had a less than 35% left ventricular ejection fraction, 
had had coronary artery bypass surgery rather than per-
cutaneous coronary intervention, had uncontrollable 
arrhythmia or hypertension, stopped participating in 
the cardiovascular rehabilitation program before eight 
weeks, failed to follow up within a year despite having 
completed the hospital-based CR program, or developed 
a serious disease during the follow-up or during the CR 
program. 

Of 75 patients who received the CR after completing 
treatment for acute MI, a total of 37 patients satisfied the 
study criteria; based on the diagnostic criteria for DM, 
the subjects were divided into Type 2 diabetic patients 
(DM group, 12 subjects) and non-diabetic patients (non-
DM group, 25 subjects). The diagnostic criteria were fast-
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ing plasma glucose above 126 mg/dL; plasma glucose 
above 200 mg/dL with common symptoms of diabetes; 
plasma glucose above 200 mg/dL after 75 g of the oral 
glucose tolerance test; or hemoglobin A1c (HbA1c) above 
6.5% [20]. The average age of the DM group was 57.0±9.0 
years among 10 males and 2 females; the average age of 
the non-DM group was 55.7±8.4 years among 24 males 
and 1 female. There were no significant differences be-
tween the two subject groups in general characteristics 
(Table 1).

Methods
After percutaneous coronary intervention, all of the 

subjects were referred for cardiovascular rehabilitation 
by the department of physical medicine and rehabilita-
tion and began stretching and indoor walking exercise in 
the rehabilitation treatment room while receiving educa-
tion about the cardiovascular rehabilitation program. In-
door walking exercise was done by patients who showed 
no new or recurrent chest pain or dyspnea within the 
previous eight hours. During the exercise, the goal was to 
keep the heart rate below 120 beats per minute, or, if the 
patient had a high resting heart rate, the goal was to keep 
the heart rate within 20 beats above the resting rate. The 

patients were made to walk around the room at first, and 
then in the corridors for 2 to 5 minutes or so, three to four 
times a day [21]. After 12±1.91 days from the onset of MI, 
the patients visited the physical medicine and rehabili-
tation outpatient clinic, and a symptom-limited graded 
exercise tolerance test was administered using the modi-
fied Bruce protocol. Examination tools included a real-
time recording 12-channel ECG unit (Quinton Q-Stress; 
Mortara Instrument, Milwaukee, WI, USA), treadmill (Q-
Stress TM55, Mortara Instrument), an automatic blood 
pressure and pulse monitor (247 BP; SunTech Medical, 
Morrisville, NC, USA), and a respiratory gas analyzer 
(TrueOne 2400; Parvo Medics, Sandy, UT, USA). Using 
the ECG and the automatic blood pressure and pulse 
monitor, maximal exercise time, submaximal rate pres-
sure product at stage 3 (RPPsubmax), resting and maximal 
heart rate, and resting and maximal systolic and diastolic 
blood pressure were measured; then, using age and 
maximal heart rate, the percentage of peak heart rate 
(%HRpeak) was calculated. The %HRpeak was calculated by 
dividing the maximum heart rate by predicted peak heart 
rate and multiplying that by 100. Using the respiratory 
gas analyzer, metabolic equivalent tasks (METs) during 
the maximal exercise period and peak oxygen consump-
tion (VO2peak) were measured. Based on results from the 
exercise tolerance test, the subjects visited the CR clinic 
and began aerobic exercise training with EGC monitor-
ing. During the exercise training, the Q-Tel RMS (Mortara 
Instrument) and JT-4000M (Sungdo MC, Siheung, Ko-
rea) were used, and exercise intensity was controlled by 
gradually varying the value from 40% to 85% based on the 
heart rate reserve, which was calculated using patients’ 
resting and maximal heart rates during the incipient ex-
ercise tolerance test. One set of exercises consisted of 10 
minutes of warm-up, 30 to 40 minutes of prescribed ex-
ercise depending on the patient’s condition, and 10 min-
utes of cool-down, for a total of 50 to 60 minutes; patients 
visited the clinic and completed the exercise at least 
four to eight times. The patients were taught to perform 
community-based self-exercise when they were away 
from the clinic, and their exercises depended on their 
individual exercise capacity determined by target heart 
rate and the rate of perceived exertion based on the exer-
cise tolerance test results. Prescribed exercises included 
fast walking, power walking, jogging, and bicycling, and 
muscle strengthening was added four weeks after the dis-

Table 1. Clinical characteristics of the subjects

DM group 
(n=12)

Non-DM group 
(n=25)

Age (yr) 57.0±9.0 55.7±8.4

Sex (men:women) 10:2 24:1

BMI (kg/m2) 24.8±2.3 24.9±3.1

LVEF 52.9±11.3 50.4±8.7

Hypertension 10 (83.3) 17 (68.0)

Hyperlipidemia 4 (33.3) 4 (16.0)

Current smoking 9 (75.0) 13 (52.0)

CHD event type

   STEMI 9 (75.0) 18 (72.0)

   NSTEMI 3 (25.0) 7 (28.0)

Values are presented as mean±standard deviation or 
number (%).
None of the characteristics showed a significant differ-
ence between the groups.
DM, diabetes mellitus; BMI, body mass index; LVEF, left 
ventricular ejection fraction; CHD, coronary heart dis-
ease; STEMI, ST elevation myocardial infarction; NSTE-
MI, non-ST elevation myocardial infarction.
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ease onset. Once the patients had completed eight weeks 
of CR, the symptom-limited graded exercise tolerance 
test was re-administered using the modified Bruce proto-
col. After the hospital-based CR program ended, patients 
began the graded exercise tolerance test for three months 
interval through continued follow-up at the rehabilita-
tion department’s outpatient clinic, at which time the pa-
tients were instructed to continue the community-based 
self-exercise at least three times a week depending on 
target heart rate and rate of perceived exertion. 

During hospitalization in the cardiology department, 
all patients received information about MI, including 
about risk factors, appropriate pharmacologic treatment 
and exercise training by rehabilitation doctors, nutrition 
counseling, and anti-smoking education by CR special-
ized nurses; during follow-up after hospitalization, the 
patients then received examinations and counseling 
about their exercise status and how they were managing 
their risk factors, including not smoking and maintaining 
healthy nutrition, every three months.

Approximately one year (12±1.23 months) after the on-
set of MI, patients took the symptom-limited graded ex-
ercise tolerance test. Percent changes in exercise capacity 
were assessed in both groups to determine differences 
between before and after one year of CR. The percent 
changes in each group were calculated by subtracting 
each patient’s exercise capacity before CR from capacity 
after a year of CR or right after CR, dividing that differ-
ence by the before-CR capacity, and, finally multiplying 
that value by 100. In addition, the study assessed the 

changes in cardiopulmonary exercise capacity before vs. 
after the CR and before CR vs. 1 year after the onset of MI. 
The differences in capacity between groups were also ex-
amined at each phase of the CR.

Statistical analysis
The SPSS statistical program was employed for statisti-

cal analysis. The independent-samples t-test was used 
to compare and analyze the differences between the DM 
and non-DM groups in age, body mass index, left ven-
tricular ejection fraction, HbA1c, fasting plasma glucose, 
and cholesterol level. We also analyzed the between-
group differences in maximal exercise time, resting and 
maximal systolic and diastolic blood pressure, %HRpeak, 
METs during the maximal exercise period, VO2peak before 
and after CR and 1 year after the onset of MI, and the 
percent changes in each index. Fisher exact test was used 
to compare variables between groups by sex, including 
histories of hypertension and hyperlipidemia. Pearson 
chi-square test was used to compare the percentages 
of smoking history and the types of MI across the two 
groups. The paired-sample t-test was used for the within-
group comparisons of HbA1c, fasting plasma glucose, 
cholesterol level, and cardiopulmonary exercise capac-
ity before vs. after CR treatment and before CR vs. 1 year 
after the onset of MI. It was confirmed that all variables 
showed normal distributions based on the one-sample 
Kolmogorov-Smirnov test. For statistical significance, p-
value below 0.05 was chosen. 

Table 2. Comparison of glucose and lipid profiles between the DM and non-DM groups

DM group (n=12) Non-DM group (n=25)
Baseline After 1 yr Baseline After 1 yr

HbA1c (%) 7.28±1.30 7.05±0.97 5.69±2.27b) 5.52±0.43a,c)

Fasting blood glucose (mg/dL) 173.25±43.03 148.25±39.77 103.60±12.74b) 101.60±11.83c)

Total cholesterol (mg/dL) 175.50±40.00 128.25±25.55a) 190.44±43.67 147.40±35.91a)

TG (mg/dL) 190.50±158.61 166.25±105.46 121.00±80.99 99.56±47.99c)

HDL-C (mg/dL) 41.75±10.46 41.42±7.62 46.96±13.15 51.00±18.13c)

LDL-C (mg/dL) 99.00±30.51 57.58±18.53a) 110.44±36.41 71.72±21.39a)

Values are presented as mean±standard deviation.
DM, diabetes mellitus; HbA1c, hemoglobin A1c;  TG, triglyceride; HDL-C, high-density lipoprotein cholesterol, LDL-
C, low-density lipoprotein cholesterol.
a)p<0.05 for baseline and after 1 year in each group.
b)p<0.05 for comparing the non-DM and DM groups at baseline.
c)p<0.05 for comparing the non-DM and DM groups after 1 year.



Long-Term Follow-Up in Diabetic and Non-diabetic Patients With Myocardial Infarction

857www.e-arm.org

Ta
bl

e 
3.

 C
om

p
ar

is
on

 o
f e

xe
rc

is
e 

ca
p

ac
it

y 
b

et
w

ee
n

 th
e 

D
M

 a
n

d
 n

on
-D

M
 g

ro
u

p
s

D
M

 g
ro

u
p 

(n
=

12
)

N
on

-D
M

 g
ro

u
p 

(n
=

25
)

B
as

el
in

e
A

ft
er

 C
R

A
ft

er
 1

 y
r

B
as

el
in

e
A

ft
er

 C
R

A
ft

er
 1

 y
r

E
xe

rc
is

e 
ti

m
e 

(s
)

78
3±

10
6.

4
90

1.
6±

82
.1

a)
89

4.
9±

10
6.

6b
)

86
1.

7±
10

1.
5c)

97
5.

4±
99

.8
a,

d
)

97
7.

7±
11

1.
7b,

e)

R
P

P
su

b
m

ax
 (

m
m

H
g·

b
p

m
)

14
,9

48
±

3,
40

5
13

,2
43

±
1,

56
6a)

14
,6

22
±

2,
77

7
16

,5
20

±
6,

76
4

13
,5

52
±

2,
52

1d
)

12
,4

78
±

2,
62

5b,
e)

H
R

re
st

 (
/m

in
)

81
.6

±
12

.1
81

.7
±

10
.3

80
.8

±
10

.6
83

.7
±

10
.6

78
.5

±
8.

0a)
75

.6
±

6.
9b

)

H
R

m
ax

 (
/m

in
)

13
5.

8±
16

.2
14

4.
3±

15
.5

a)
14

3.
2±

16
.2

13
6.

7±
16

.7
14

9.
3±

14
.8

a)
14

7.
9±

17
.7

b
)

%
H

R
p

ea
k (

%
)

81
.2

±
9.

3
86

.2
±

7.
1a)

85
.1

±
7.

94
83

.4
±

10
.6

90
.9

±
7.

5a)
90

.5
±

9.
0b

)

SB
P

re
st

 (
m

m
H

g)
11

7.
8±

15
.8

11
4.

6±
14

.1
12

2.
5±

14
.9

11
6.

6±
15

.2
11

1.
8±

13
.4

11
4.

6±
12

.3

SB
P

m
ax

 (
m

m
H

g)
16

8.
1±

31
.3

18
1.

6±
28

.4
a)

18
9.

3±
34

.0
b

)
17

4±
30

.2
18

3.
8±

31
.0

a)
18

3.
0±

22
.3

D
B

P
re

st
 (

m
m

H
g)

75
.3

±
6.

7
73

.8
±

9.
1

77
.3

±
7.

5
72

.9
±

13
.2

73
.9

±
11

.5
75

.6
±

10
.3

D
B

P
m

ax
 (

m
m

H
g)

77
±

14
.5

86
.8

±
21

.6
82

.2
±

11
.9

78
.9

±
15

.5
79

.1
±

12
.2

80
.2

±
18

.5

M
E

Ts
 

6.
5±

0.
9

7.
2±

0.
8a)

7.
2±

1.
2b

)
7.

2±
1.

1c)
8.

2±
1.

5a,
d

)
8.

1±
1.

7b
)

V
O

2p
ea

k (
m

L/
kg

/m
in

)
22

.7
±

3.
0

25
.3

±
2.

7a)
25

.2
±

4.
1b

)
25

.2
±

3.
7c)

28
.6

±
5.

1a,
d

)
28

.7
±

5.
3b,

e)

V
al

u
es

 a
re

 p
re

se
n

te
d

 a
s 

m
ea

n
±

st
an

d
ar

d
 d

ev
ia

ti
on

.
D

M
, 

d
ia

b
et

es
 m

el
li

tu
s;

 C
R

, 
ca

rd
ia

c 
re

h
ab

il
it

at
io

n
; 

R
P

P
su

b
m

ax
, 

su
b

m
ax

im
al

 r
at

e 
p

re
ss

u
re

 p
ro

d
u

ct
 a

t 
st

ag
e 

3;
 H

R
re

st
, 

re
st

in
g 

h
ea

rt
 r

at
e;

 H
R

m
ax

, 
m

ax
im

al
 

h
ea

rt
 r

at
e;

 %
H

R
p

ea
k,

 p
er

ce
n

ta
ge

 o
f p

ea
k 

h
ea

rt
 r

at
e;

 S
B

P
re

st
, r

es
ti

n
g 

sy
st

ol
ic

 b
lo

od
 p

re
ss

u
re

; S
B

P
m

ax
, m

ax
im

al
 s

ys
to

lic
 b

lo
od

 p
re

ss
u

re
; D

B
P

re
st

, r
es

ti
n

g 
d

ia
-

st
ol

ic
 b

lo
od

 p
re

ss
u

re
; D

B
P

m
ax

, m
ax

im
al

 d
ia

st
ol

ic
 b

lo
od

 p
re

ss
u

re
; M

E
Ts

, m
et

ab
ol

ic
 e

q
u

iv
al

en
t t

as
ks

; V
O

2p
ea

k,
 p

ea
k 

ox
yg

en
 c

on
su

m
p

ti
on

.
a)

p
<0

.0
5 

fo
r 

co
m

p
ar

is
on

s 
of

 b
as

el
in

e 
w

it
h

 a
ft

er
 C

R
 in

 e
ac

h
 g

ro
u

p.
b

) p
<0

.0
5 

fo
r 

co
m

p
ar

is
on

s 
of

 b
as

el
in

e 
w

it
h

 a
ft

er
 1

 y
ea

r 
in

 e
ac

h
 g

ro
u

p.
c)

p
<0

.0
5 

fo
r 

co
m

p
ar

is
on

s 
of

 th
e 

n
on

-D
M

 a
n

d
 D

M
 g

ro
u

p
s 

at
 b

as
el

in
e.

d
) p

<0
.0

5 
fo

r 
co

m
p

ar
is

on
s 

of
 th

e 
n

on
-D

M
 a

n
d

 D
M

 g
ro

u
p

s 
af

te
r 

C
R

.
e)

p
<0

.0
5 

fo
r 

co
m

p
ar

is
on

s 
of

 th
e 

n
on

-D
M

 a
n

d
 D

M
 g

ro
u

p
s 

af
te

r 
1 

ye
ar

.



Hyun Jun Kim, et al.

858 www.e-arm.org

RESULTS

Patient characteristics
There were no significant differences between the DM 

and non-DM patients in body mass index, left ventricu-
lar ejection fraction, hypertension and hyperlipidemia, 
smoking status, or type of MI (Table 1). Of the twelve 
patients in the DM group, six (50%) developed newly 
diagnosed diabetes at the time of the MI, and the aver-
age morbidity period was 5.33±3.64 years for the original 
diabetic patients. To treat their diabetes, six patients (50%) 
only went on a diet, and the other six (50%) received an 
oral medication. 

The DM group had statistically significantly higher 
HbA1c and fasting plasma glucose values both before 
CR and 1 year after the onset of MI than did the non-DM 
group. The averages for both values were lower in the 
DM group 1 year after the onset of MI, but no differences 
were significant (Table 2). There were also no significant 
differences between the DM and non-DM groups in total 
cholesterol or low-density lipoprotein (LDL) cholesterol 
values either before the rehabilitation program or after 
one year of disease; in both groups, the total and LDL 
cholesterol values were significantly low one year after 
the disease onset (Table 2).

Exercise tolerance test results before and after CR and 
one year after MI onset

Before the cardiac rehabilitation, the DM group had 
significantly lower exercise capacity based on exercise 
times, VO2peak, and METs than did the non-DM group. 
Comparing exercise capacity before and after the CR, 
both groups showed significantly improved maximal ex-
ercise times, heart rate, %HRpeak, maximal systolic blood 
pressure, VO2peak, and METs. After the CR, the DM group 
had significantly lower exercise times, RPPsubmax, VO2peak, 
and METs than did the non-DM group (Table 3).

Exercise capacity before CR vs. 1 year after MI onset 
was significantly improved in both groups in maximal 
exercise times, VO2peak, and METs. There were no statisti-
cally significant differences in exercise capacity in either 
group between capacity after CR and 1 year after the onset 
of MI (p>0.05). One year after the onset of MI, the DM 
group showed significantly lower maximal exercise times, 
RPPsubmax, and VO2peak than did the non-DM group (Table 3).

Exercise tolerance test result percent changes before 
and after CR and one year after MI onset

There were no statistically significant differences in the 
percent changes for any of the exercise capacity variables 
between the DM and non-DM groups. For the percent 

Table 4. Comparison of % changes in exercise capacity after CR and after 1 year in the DM and non-DM groups

After CR After 1 yr
DM group (n=12) Non-DM group (n=25) DM group (n=12) Non-DM group (n=25)

% change in exercise time 16.3±12.9 14.5±16.2 15.4±15.5 14.9±18.4

% change in RPPsubmax -7.7±21.8 -10.8±24.4 1.0±24.1 -17.8±24.9a)

% change in HRrest 1.3±14.0 -5.5±9.6 0.0±12.7 -8.7±10.9

% change in HRmax 6.7±8.8 10.1±12.2 5.9±10.0 9.0±13.9

% change in %HRpeak 6.7±8.8 10.1±12.2 6.5±10.1 9.7±13.9

% change in SBPrest -2.2±8.8 -3.1±13.3 4.6±10.3 -0.6±13.6

% change in SBPmax 9.2±13.2 6.7±13.4 13.6±14.8 7.5±18.5

% change in DBPrest -2.0±9.3 3.9±23.3 2.7±6.8 7.1±26.1

% change in DBPmax 14.0±24.2 2.3±17.0 8.8±17.6 24.3±171.9

% change in METs 12.5±10.8 14.8±16.9 11.3±7.9 13.6±25.0

% change in VO2peak 12.5±10.2 14.1±16.7 10.8±7.7 15.3±22.5

Values are presented as mean±standard deviation.
CR, cardiac rehabilitation; DM, diabetes mellitus; RPPsubmax, submaximal rate pressure product at stage 3; HRrest, rest-
ing heart rate; HRmax, maximal heart rate; %HRpeak, percentage of peak heart rate; SBPrest, resting systolic blood pres-
sure; SBPmax, maximal systolic blood pressure; DBPrest, resting diastolic blood pressure; DBPmax, maximal diastolic 
blood pressure; METs, metabolic equivalent tasks; VO2peak, peak oxygen consumption.
a)p<0.05 for comparisons of the non-DM and DM groups.
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changes between before CR and one year after the onset 
of MI, there were no statistically significant differences 
between the two groups except for RPPsubmax (Table 4).

DISCUSSION

It is widely understood that DM patients have relatively 
lower exercise capacity compared with non-DM patients. 
Previous research has reported defects in functional exer-
cise capacity in DM patients as assessed by peak oxygen 
consumption and other measures of cardiovascular exer-
cise performance [22-25]. Exercise capacity defects in DM 
patients are caused by multiple mechanisms, including 
insulin resistance, endothelial dysfunction, decreased 
myocardial perfusion, decreased tissue hemoglobin oxy-
gen saturation, and impaired mitochondrial function 
[26-28]. For these patients, exercise capacity defects can 
be improved through exercise training, and Boule et al. 
[14] reported that DM patients who completed more than 
eight weeks of a structured aerobic exercise intervention 
showed 11.8% improvement in peak oxygen consump-
tion. This is a clinically important result because another 
study demonstrated that if peak oxygen consumption in-
creased by 1.44 mL/kg/min, overall mortality decreased 
by 7.9% [29]. In addition, for DM patients, exercise train-
ing improves glucose metabolism, insulin signaling, lipid 
profile, endothelial function, and blood pressure as well 
as exercise tolerance [23]. Hindman at al. [16] reported 
a decrease in fasting glucose and a significant improve-
ment in blood cholesterol in DM patients who partici-
pated in a CR program after the onset of MI. Similarly, we 
showed improved glucose metabolism, lipid metabolism, 
and, especially, total and LDL cholesterol with continued 
hospital-based CR and community-based self-exercise 1 
year after the onset of MI. However, in this study, all sub-
jects continued to take an anti-hyperlipidemic agent after 
the stent insertion, and because the study comparisons 
did not include a subject group that did not perform the 
exercise, it was unclear whether the improved lipid me-
tabolism was the effect of medications or of exercise. 

Previous studies have reported that DM patients had 
lower exercise capacity after MI than did non-DM pa-
tients [13,14], and a large cohort study reported that low 
exercise capacity in DM patients was a strong and inde-
pendent predictor of long-term mortality in heart disease 
patients [30,31]. In contrast, improved exercise capacity 

was related to subsequent lower mortality in DM pa-
tients. [29,32]. The CR through exercise training helped 
to improve the maximal aerobic capacity in DM patients. 
Banzer et al. [13] and Milani and Lavie [15] reported, re-
spectively, that METs increased in DM patients by 26% 
and 38% through CR after coronary artery disease. Addi-
tionally, Hindman et al. [16] reported a 26.3% increase in 
METs in DM patients who participated in post-MI CR for 
7 to 12 weeks.

Based on the current studies, the differences in im-
proved exercise capacity following CR between DM and 
non-DM patients are unclear. Although previous studies 
reported less improvement in cardiopulmonary exercise 
capacity through CR after acute ischemic heart disease in 
DM patients than in non-DM patients [17,33,34], another 
study demonstrated that the improvement was greater in 
DM than non-DM patients [15], and other studies found 
the degrees of improvement to be similar between DM 
and non-DM patients [13,18]. In the current study, when 
DM and non-DM patients underwent CR after the onset 
of MI, both groups showed significantly improved car-
diopulmonary exercise capacity after CR. When Mourot 
et al. [18] compared capacity after CR in DM and non-
DM patients, both groups showed significant and similar 
degrees of improvement, but exercise capacity was still 
low in the DM patients. This result was consistent with 
our results in that we found no difference in the percent 
change in exercise capacity between the DM and non-
DM patients before and after CR and the DM patients’ 
post-CR exercise capacity was statistically significantly 
lower than that of the non-DM patients. However, one 
difference between other research and ours is that Mou-
rot et al. [18] found respective changes in peak oxygen 
consumption of 28% and 31% in the DM and non-DM 
patients, but in this study, the changes were lower, 12.5% 
and 14.1%. These differences could be attributed to the 
differences in the CR that was administered. The patients 
in Mourot et al. [18] received exercise training supervised 
by a physical therapist five times a week for six weeks, 
whereas this study administered hospital-based ECG-
monitored exercise four to eight times per week during 
eight weeks of community-based self-exercise. Hammill 
et al. [35], in a study of CR and mortality in MI patients, 
found a strong dose-response relationship between the 
number of CR sessions and the long-term prognosis. In 
other words, in this study, the small changes before and 
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after CR might have been because this study’s patients 
exercised relatively less frequently than did the patients 
in Mourot et al. [18].

In this study, a graded exercise tolerance test was ad-
ministered every 3-month follow-ups after eight weeks 
of the hospital-based CR program; after the continued 
community-based self-exercise education and instruc-
tion on managing risk factors, exercise capacity was 
significantly high 1 year after the onset of MI in both the 
DM and non-DM patients compared with their capaci-
ties before CR. Throughout one year of outpatient clinic 
follow-up for 49 patients who completed hospital-based 
CR after coronary artery disease, Madssen et al. [19] stud-
ied the changes in exercise capacity between those who 
underwent the CR intervention and those who did not. 
That study reported that peak oxygen consumption did 
not change significantly in either group compared with 
before the CR. In the current study, there were no sta-
tistically significant differences in either group between 
after the CR and 1 year after the onset of the MI, and both 
groups maintained their improved exercise capacity for 
up to one year. To explain the lack of post-intervention 
improvement in exercise capacity for the intervention 
group, Madssen et al. [19] suggested that infrequent ex-
ercise sessions in which patients maintained life-long 
community-based self-exercise following once-monthly 
hospital-supervised exercise was not actually effective in 
improving exercise capacity. Based on this suggestion, 
we believed that our community-based self-exercise pro-
gram was also inadequate for improving exercise capac-
ity. 

To date, many studies have compared and analyzed 
changes in exercise capacity after CR treatment that 
lasted from a few weeks to several months in both DM 
and non-DM patients. However, few studies have com-
pared the exercise capacity of DM and non-DM patients 
through long-term follow-up after CR. In this study, the 
exercise capacity of both patient groups was examined 1 
year after the onset of MI, and it was statistically signifi-
cantly low in the DM patients. That is, exercise capacity 
improved after the hospital-based CR and through the 
ongoing community-based self-exercise after the end 
of the hospital rehabilitation, but the DM patients still 
had lower exercise capacities than did the non-DM pa-
tients. Therefore, when a DM patient’s cardiopulmonary 
exercise capacity decreases following MI, a continued 

decrease in long-term exercise capacity in these patients 
should be expected, but the advantages of CR, such as in-
creased exercise capacity and reduced mortality, should 
be emphasized in order to encourage participation in 
a CR program. Specifically, it seems necessary to foster 
more active and longer-term CR of high intensity and 
high frequency to manage risk factors and increase rigor-
ous self-exercise. 

In this study, results similar to those from other stud-
ies were confirmed for different variables such as VO2peak 
after CR. METs are also important predictors of exercise 
capacity; they increased significantly in both DM and 
non-DM patients after CR in this study, and a separate 
study showed that mortality decreased by 13% when 
MET increased by 1%, a meaningful result [36]. After CR, 
maximal heart rate significantly increased in both DM 
and non-DM patients, and %HRpeak also significantly in-
creased when considering patient age. Lauer et al. [37] 
reported that the total mortality was low when the maxi-
mal heart rate was high in a study that examined the rela-
tionship between total mortality and maximal heart rate 
during the exercise tolerance test, and the observation 
that maximal heart rate increased after CR offers hope for 
positive prognoses. 

Of the exercise indexes that were used in this study, 
RPPsubmax showed a different response from the others. 
In non-DM patients, RPPsubmax continued to improve 1 
year after MI onset and demonstrated a significant differ-
ence, but no continued improvement was shown in the 
DM patients (Table 3). As a result, there was a significant 
difference between the groups in the percent change in 
RPPsubmax, unlike the percent changes for the other in-
dexes of exercise capacity 1 year after the MI (Table 4). 
This finding implies that diabetes may impede improving 
RPPsubmax, and a more thorough study is considered nec-
essary for detailing the effects of diabetes on RPP and its 
mechanism. 

The first limitation of the current study was the insuf-
ficient number of patients. Second, because all patients 
received percutaneous coronary intervention before their 
CR referrals, this study’s results cannot be applied to pa-
tients who underwent coronary artery bypass surgery. 
Third, although the education on maintaining commu-
nity-based self-exercise following eight weeks of the hos-
pital-based CR was continuous and the outpatient clinic 
reported that the patients regularly performed appropri-
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ate exercises, exact exercise intensity and frequency were 
not recorded. Fourth, patients were excluded who were 
not observed at follow-up after the hospital-based CR or 
who did not perform the community-based self-exercise. 
Thus, a future study should consist of long-term research 
that covers many more patients and more comprehensive 
variations of coronary artery disease.

In conclusion, following acute MI, diabetic patients had 
lower exercise capacity than did non-diabetic patients. 
When they completed the hospital-based cardiac reha-
bilitation for 8 weeks after the onset of acute MI, both 
groups showed significantly improved exercise capac-
ity, but the DM patients still had lower capacity than the 
non-DM patients. When risk factor management and 
community-based self-exercise continued after the hos-
pital-based CR, the DM patients showed lower exercise 
capacity than the non-DM patients even 1 year after the 
onset of MI, but they did maintain their improved capac-
ity. Thus, more active and long-term CR must be devel-
oped for DM patients. 
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