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The aim of the present study was to demonstrate the influence of exercise component of a cardiac
rehabilitation program on fibrinolysis in coronary artery disease (CAD) patients. Cardiac rehabilitation
program was claimed to have an important role for improving quality of life and reducing the incidence of
recurrent disease. The program used in the present study included aerobic exercise for 8 weeks, 4 days per
week, 30 minutes per day at light to moderate intensity. Thirty-three male patients with CAD were recruited in
the present study. Subjects from Thammasat University Hospital and King Chulalongkorn Memorial Hospital,
whose age ranging from 40 to 70 years, were random assigned into 2 groups: control and experimental
groups. The results showed that no significant differences in tissue plasminogen activator levels (t-PA) (both
antigen and activity), plasminogen activator inhibitor-1 levels (PAI-1) (both antigen and activity) were
observed in control and experimental groups after exercise training for 8 weeks as compared to the baseline.
However, significant improvement of fibrinolysis via a decrease in PAI-1 activity level from 16.3(3.7) to
14.8(6.3) AU/ml (p<0.024) and an increase in t-PA activity from 2.3(0.8) to 2.7(0.5) IU/ml and t-PA antigen

from 7.5(2.9) to 9.2(2.7) ng/ml (p<0.01) in experimental group were observed when compared between pre

and post acute submaximum exercise (65%V0, peak J at the end of the program. In addition the authors found a
significant improvement in VO, pea TESTING heart rate, and serum triglyceride level in experimental group after
8 weeks of exercise training. This study demonstrated that patients with CAD participating in 8§ weeks exercise
cardiac rehabilitation program at light - moderate intensity could improve physical fitness and physical
health although there was no significant change of fibrinolysis. The CAD patients should be advised to enroll
in this cardiac rehabilitation program since it did not have any harmful effect due to the fibrinolytic function
but it also augmented the patients’ physical health.
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Exercise training has assumed a major role in
both the primary and secondary prevention of disease.
It can prevent the illness as well as decrease the dura-
tion of illness. Studies have shown that exercise aug-
ments a positive effect on fibrinolytic system. Effects
of exercise are increased fibrinolytic activities which
are dependent on the exercise intensity and the dura-
tion. In coronary artery disease (CAD) patients, exer-
cise training has presumed a major role in increasing
physical performance, lifting the angina threshold in
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patients with symptomatic CAD, and improving myo-
cardial perfusions.

Fibrinolysis is the mechanism involved in fi-
brin degradation through the proteolytic action of the
serine protease plasmin @. This enzyme originates from
the activation of proenzyme plasminogen by tissue plas-
minogen activator (t-PA). Tissue plaminogen activator
is released into the circulation from the endothelium
and rapidly inactivated by the endothelial type plasmi-
nogen activator inhibitor (PAI-1).

Impaired fibrinolysis may result from either
low t-PA or elevated PAI-1 levels. It plays an important
role in the development of CAD, and it is related to

J Med Assoc Thai Vol. 88 Suppl.4 2005

25/11/05, 4:39 PM



‘ 242-248 3“B-e3~aa 4 243

long-term mortality >, Tissue plasminogen activator
antigen levels in human plasma at rest range between
3.4+ 0.8 ng/mland 6.6 + 2.9 ng/ml. This level increases
about three folds by exhaustive physical exercise . In
healthy individuals, highly variable plasma levels of
both plasminogen activator inhibitor-1 (PAI-1) activity
and antigen were observed. PAI-1 activity ranges
between 0.5 and 47 IU/ml. PAI-1 antigen in plasma
ranges between 6 to 85 ng/ml © PAI-1 binds rapidly
to t-PA forming a stable complex with a 1:1 ratio ©. The
active form of PAI-1 is unstable, with a half-life of
30 minutes .

Prospective and case-control studies have
indicated that many of the proteins involved in coagu-
lation and fibrinolysis that might contribute to a throm-
botic tendency are related to the development of CAD.
The suppression of fibrinolysis was due to high plasma
concentrations of PAI-1 and increased plasma concen-
trations of factor VII, fibrinogen, and von Willebrand
factor which are associated with the development of
myocardial infarction ®

Cardiac rehabilitation is a combination of ser-
vices that helps patients with cardiovascular disease
improve their functional abilities, particularly their tol-
erance for physical activity, decrease their symptoms;
and achieve and maintain optimal health. Accumulat-
ing evidence indicates that exercise might favorably
modify several of conventional CAD risk factors
including blood lipid, obesity, blood pressure and
insulin levels ©.

It is generally accepted that physical exercise
enhances the fibrinolytic activity and induces changes
in some hemostatic parameters. An increase in t-PA
activity and decrease in PAI-1 levels have been de-
scribed in healthy subjects following long-term exer-
cise training !V, It has been suggested that exercise
could favorably influence the clinical course of patients
with CAD through a reduction of PAI-1 levels 2.

Material and Method

The study protocol was approved by the
local ethics committee, Faculty of Medicine, Chula-
longkorn University. Before entering the program, all
subjects gave written informed consent to participate
in the present study. They were coronary artery dis-
case patients treated at King Chulalongkorn Memorial
Hospital and Thammasat University Hospital. The
present study comprised of two groups of patients
with coronary artery disease who were enrolled in a
randomized trial, namely exercise group (n= 18, age 58
(7.0) years), and control group (n= 15, age 58 (8.5) years).
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Body weight and height of subjects were mea-
sured by using a weight balance scale (Yamato,
DP6100GP, Japan), and a wall mounted height-measur-
ing board. The body mass index (BMI) was calculated
according to the formula, body mass (kg)/height (m?).
The peak oxygen consumption (VOzpeak) of each sub-
ject was measured during the incremental exercise test
using oxygen and carbon dioxide gas analyzer (Quinton
Metabolic Cart, QMC, USA). Oxygen consumption
(VO,), carbon dioxide production (VCO,), minute ven-
tilation (VE), and other derived parameters were con-
tinuously monitored breath — by - breath using a com-
puterized system (Quinton Metabolic Cart, QMC,
USA). Data on VO, and VCO, were expressed in a stan-
dard condition of standard temperature pressure dry
(STPD) and VE in the condition of body temperature
pressure saturated with water vapor (BTPS). The
Naughton protocol for treadmill was used in this exer-
cise test. Intensity of exercise training used in the
present study was 5 O%VOzpeak in the first week and
65%VO2peak in the following weeks. During training, the
authors monitored heart rate, recorded blood pressure
before and after training session, evaluated RPE. The
training was 8 weeks long, 4 days per week, 30 min per
session with 10 min warm up and 10 min. cool down.

Blood Sampling and Preparation

To avoid the diurnal variation in coagulation
and fibrinolytic variables, all blood samples were col-
lected between 7:30 a.m. and 10:30 a.m. after a 12-hour
overnight fast 3. All phlebotomies were performed
with minimal venostasis. The first 4-5 ml of blood was
used for the study of lipid profile. Blood for determina-
tion of t-PA antigen, t-PA activity, PAI-1 antigen, PAI-1
activity, was collected in sodium citrate tubes.

Blood sampling for t-PA activity

It is extremely important to follow the acidifi-
cation and centrifugation steps exactly as described
below in order to minimize the in vitro inhibition of t-PA
by PAI-1. Blood (9 volumes) was mixed with 0.1 mol/l
sodium citrate (1 volume). One ml of this mixture was
immediately acidified with 1 ml (1:1) acetate buffer
working solution (2-820C) and centrifuged within 2 min
at 3000 rpm for 20 minutes. The plasma was separated
from the cells as soon as possible and then added 10 ml
of 1 mol/l HClI to each 150 pl of acetate treated plasma.

The samples were kept at — 80 coC until used.
Tissue plasminogen activity was analzyed using the
reagent kit of t-PA activity assay (COASET? t-PA)
(product of Chromogenix (Italy)).
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Blood sampling for other fibrinolytic para-
meters such as t-PA antigen, PAI-1 activity, PAI-1 anti-
gen was prepared as follows. Blood (9 volumes) was
mixed with 0.1 mol/l sodium citrate (1 volume) and cen-
trifuged at 3000 rpm for 20 minutes. The separated
plasma samples were kept at — 80 °C until used. The
measurement of t-PA antigen, PAI-1 activity, PAI-1 anti-
gen was done using the commercial reagent kits from
Chromogenix (Italy) as follows: COALIZA® t-PA for t-
PA antigen assay, COALIZA® PAI-1 for PAI-1 antigen
assay, COASET® PAI for PAI-1 activity assay.

Lipid profiles, including total cholesterol, trig-
lycerides, high-density lipoprotein cholesterol and
low-density lipoprotein cholesterol were determined
using automate analyzer (Integra 400 plus, Roche
Diagnostics GmbH, Mannheim, Germany), which ana-
lyzed by the special laboratory at King Chulalongkorn
Memorial Hospital.

All data were analyzed using the Statistical
Package for the Social Science (SPSS). Differences at
significance level of p<0.05 were considered to be sig-
nificant. The distribution of data was test either it was
normal distribution or not. Normal distribution used
paired t-test for comparing values after exercise with
baseline values, unpaired t-test for comparing between
control and experimental group. If data are non-nor-
mally distributed, nonparametric analysis was used,
Wilcoxon Signed-Ranks test for comparing values
after exercise with baseline values within group and
Mann-Whitney U-test for comparing between control
and experimental group.

Results

Thirty six subjects were enrolled in the present
study. Only 33 subjects completed the study. Three
out of eighteen subjects in the control group had
dropped out from the study due to two infection cases
and one missing case at the final test. In the experimen-
tal group 18 patients enrolled and completed the study.
All patients had more than a 6-month history of CAD
with either unstable angina or ischemic heart diseases.
The baseline demographic data of control and experi-

Table 1. Demographic data of control and experimen-

tal group
Parameter Control Experiment
n=15)X(SD)  (n=18)X (SD)
Age (yr) 58.0 (7.0) 58.0 (8.5)
BMI (kg/m?) 272(3.2) 25.1(3.2)
Heart rate (beat/min) 73.5(13.5) 73.6 (13.4)
VO, (mL/kg/min) 22.1(7.6) 19.9 (6.8)

mental group such as body mass index (BMI), heart
rate and VO,  are shown in Table 1. The average age
(SD) of the experimental and control group was 58.0
(7.0), and 58.0 (8.5) years, respectively. There were no
significant differences on age, BMI, heart rate, and
VO, .. when compared between two groups.

Effect of cardiac rehabilitation program on VOZPM

The effect of the cardiac rehabilitation pro-
gramonVO, (Table 2 ) was determined at pre-train-
ing and post-training in all subjects. The result showed
the significant improvement of VO, . from 19.9 (6.8) to
23.4 (7.6) ml/kg/min in the experimental group (p<0.05)
and significant decrease from 22.1 (7.6) to 19.2 (6.7) ml/
kg/min in the control group (p<0.05).

In the experimental group, the average atten-
tion rate was 90%, raging from 80% to 100% of training
program. After the cardiac rehabilitation program the
authors found a significant lower resting heart rate and
higher VO, when compared to the baseline.

Effects of cardiac rehabilitation program on lipid
profile

Comparison of serum lipid profile (total
cholesterol, triglycerides, LDL-cholesterol, HDL-cho-
lesterol) between the control group and experiment
group showed no significant difference before training
but after training in both groups. However, triglyceride
levels in experimental group were decreased from
135.3(67.9) mg/dl in pre-training to 108.1(39.9) mg/dl in
post-training with the significant difference at p<0.05
as shown in Table 3.

Table 2. Physical characteristics of subjects before and after 8 weeks of cardiac rehabilitation program

Parameter

Control mean (SD)

Experiment mean (SD)

Pre-training Post-training Pre-training Post-training

Heart rate (beat/min) 73 (13.5) 69 (10.7) 73 (13.4) 68(13.0)
BMI (kg/m?) 27.2(3.2) 27.3(3.5) 25.1(3.2) 24.9(3.2)*
VO, (mL/kg/min) 22.1(7.6) 19.2 (6.7)* 19.9 (6.8) 23.4(7.6)*

* Significant difference within group (p<0.05)
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Table 3. Lipid profile parameter before and after 8 weeks training at the cardiac rehabilitation program. Data were

expressed as mean (SD)

Parameter Control mean (SD) Experimental mean (SD)
Pre-training Post-training Pre-training Post-training
Cholesterol 181.0 (33.1) 173.7 (29.1) 167.3 (35.8) 164.2 (35.8)
TG 130.3 (73.7) 111.7 (55.4) 135.3 (67.9) 108.1 (39.9)*
HDL-C 48.9 (9.7) 48.2 (10.4) 48.4 (12.1) 50.2 (12.0)
LDL-C 106.6 (26.9) 114.9 (24.8) 98.4 (30.4) 99.5 (28.7)

* Post-training triglyceride was significantly decreased from pre-training at the level p<0.05

Table 4. Fibrinolysis parameters before and after 8 weeks training at the cardiac rehabilitation program

Parameter Control mean (SD)

Pre-training

Post-training

Experiment mean (SD)
Pre-training Post-training

t-PA antigen (ng/mL) 8.2 (4.3) 7.6 3.1) 7.4 (3.9) 7.5(2.9)
t-PA activity (IU/mL) 2.1(1.7) 1.9 (0.9) 2.2(0.5) 2.3(0.8)
PAI-1 antigen (ng/mL)  51.4(14.7) 51.7 (20.8) 51.2(19.1) 51.5(16.1)
PAI-1 activity (AU/mL)  17.1 (7.6) 17.7 (11.4) 17.9 (10.8) 16.3 (3.7)

Effects of cardiac rehabilitation program on fibri-
nolytic parameter

No significant differences in t-PA levels (both
antigen and activity), and PAI-1 levels (both antigen
and activity) were observed in experimental and con-
trol groups after the exercise training for 8 weeks as
compared to the baseline as shown in Table 4.

However, significant improvement of fibrin-
olysis, via decrease of PAI-1 activity level and increase
of t-PA activity and t-PA antigen in experimental group
were observed when compared between pre-acute
sub-maximum exercise (65%VO, ) and post-acute
sub-maximum exercise (65%V02peak) on the last day of 8
week training of the cardiac rehabilitation program as
show in Table 5.

Discussion

Cardiac rehabilitation program is an essential
component of the long-term comprehensive manage-
ment strategy for CAD patients. It reduced the risk
factor of disease, improved quality of life and reduced
the incident of recurrent disease.

The present study demonstrates the influence
of exercise in the rehabilitation program on fibrinolysis
in CAD patients. The effect of exercise at light-moder-
ate intensity for 8 weeks on fibrinolytic system was
determined by plasma t-PA activity, t-PA antigen, PAI-1
activity, and PAI-1 antigen in CAD patients who have
more than 6 months of unstable angina or ischemic
heart disease history. They underwent the cardiac
rehabilitation program for 8 weeks, 4 days per week, 30
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Table 5. Fibrinolysis parameters compared between
pre acute and post-acute submaximum exer-
cise (65%V02peak) on the last day of 8 week
training of the cardiac rehabilitation program
in experimental group

Parameter Pre-training Post-training
mean (SD) mean (SD)
t-PA antigen (ng/mL) 7.52.9) 9.2 (2.7)*
t-PA activity (IU/mL) 2.3(0.8) 2.7 (0.5)
PAI-1 antigen (ng/mL) 51.5(16.1) 45.7 (16.1)*
PAI-1 activity (AU/mL) 16.3 (3.7) 14.8 (6.3)*

* Significant difference at the level p<0.05

minutes per day, 10 minutes warming up and 10 minutes
cooling down before and after exercise respectively.
During exercise session heart rate and blood pressure
were monitored. After eight weeks of training, the physi-
cal fitness was improved in terms of VO, peak’ decreased
resting heart rate, and decreased serum triglyceride.

Increased VO, ek in the experimental group
and decreased in the control group were observed
when compared before and after 8 weeks. The data
suggested the exercise effects on enhancement of
functional capacity of cardiovascular system in CAD
patients. This result was consistent with the previous
reports by others. Savage et al ™ found 21.2% im-
provement of VO, ek in CAD patients after 4 months of
cardiac rehabilitation program. Milani and Lavie ! also
showed an increase in VO, peak by 12% after three
months of cardiac rehabilitation program.
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Level of serum triglyceride in the experimen-
tal group was decreased by 20.11% (p<0.02) after 8
weeks of training without the changes in dosage of
lipid lowering drugs during participation in the pro-
gram. The present study showed earlier improvement
of serum triglyceride from participating in the cardiac
rehabilitation program when compared with the study
of Paramo et al."®. They showed the reduction of serum
triglyceride in acute myocardial infarction patients who
were enrolled in a 3 months program. The results
demonstrated that exercise adherence in CAD patients
would help decrease the dosage of lipid lowering drugs.
The fibrinolytic parameters including t-PA activity,
t-PA antigen, PAI-1 activity, and PAI-1 antigen after
eight weeks exercise training at light-moderate exercise
intensity were not changed in the CAD patients. Acute
changes in fibrinolysis was only observed for a brief
period immediately post-exercise 7. Since the fibrino-
lysis is part of the hemostasis balance, the reference
values in healthy individuals and patients should be
reports. However, the authors found a range of varia-
tion of these parameters in different studies as follows.
Weiss et al ¥, showed activation of coagulation and
fibrinolysis after cardiac rehabilitation in patients with
CAD presented t-PA antigen levels ranged between
5.0 and 22.6 ng/ml and PAI-1 antigen levels ranged
between 5.7 and 6.2 ng/ml.

Paramo et al 19, studied the influence of car-
diac rehabilitation program in acute myocardial infarc-
tion reported the t-PA antigen level ranged between
8.6 and 9.1 ng/ml, PAI-1 activity level ranged between
13.1 and 19.6 AU/ml and PAI-1 antigen level ranged
between 36.9 and 43.1 ng/ml.

A similar variation was also seen in the acute
effect of exercise on fibrinolytic parameters in other
groups as follows.

Womack et al !, demonstrated fibrinolytic
response to acute exercise in patients with peripheral
arterial disease as t-PA activity increased by 180% (0.5
+0.16 IU/ml at baseline to 1.4 + 1.2 IU/ml at immediately
post exercise) and remained significantly elevated 30
min (0.9 + 0.4 IU/ml) and 60 min (0.9 + 0.3 IU/ml) after
exercise. There was a trend for decrease in PAI-1 anti-
gen after exercise (33.4 +33.3 ng/ml at baseline to 26.8
+ 26.2 ng/ml after exercise). Plasma PAI-1 activity
decreased by 43% (2.0.6 + 5.5 AU/ml baseline to 11.8 +
6.2 AU/ml after exercise), and remained decreased by
36% (13.1 + 2.2 AU/ml) 30 min. after exercise and 49%
(10.6+ 5.2 AU/ml) 60 min. after exercise.

Lin et al.?%, reported activation and distur-
bance of blood hemostasis following strenuous physi-
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cal exercise in healthy men. The results showed that
t-PA activity level exhibited a significant increase in
response to exercise (ranged between 0.71 and 7.24 TU/
ml). Comparable changes in t-PA antigen were also
observed (ranged between 7.45 and 70.09 ng/ml). The
values of t-PA activity and antigen had returned to
pre-exercise levels 2 hours after exercise and remained
at baseline value over the following 24 hours. A signifi-
cant decrease in PAI-1 activity was observed imme-
diately after exercise in all subjects (ranged between
4.11 and 19.64 AU/ml).

In conclusion, the present study demon-
strated the activation of fibrinolytic system by acute
exercise. The cardiac rehabilitation training augmented
the physical fitness and decreased serum triglyceride
levels. The variation of training program such as inten-
sity, duration, frequency, and studied population were
the factors related to the fibrinolysis level.

The baseline data of each parameter in fibrino-
lysis system should be normalized to be the reference
data. There were many more variations in several
studies as mentioned above.
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