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ABSTRACT
This study examined the effect of physical training at an intensity below ventilatory threshold

on serum concentrations of lipoprotein(a) [Lp(a)] in patients with ischemic heart disease. Thirty
four patients, after myocardial infarction, and 20 patients, after coronary artery bypass grafting,
were admitted to a 3-week cardiac rehabilitation program. The program consisted of 15 sessions
of continuous exercise, each in duration 40 min. Fifteen subjects with a history of myocardial
infarction or coronary artery bypass grafting who did not participate in a rehabilitation program
constituted the control group. Serum Lp(a) levels were measured by immunoenzymatic method
(Cormay, Poland). Upon admission, 56% of patients after myocardial infarction and 55% of pa-
tients after coronary artery bypass grafting had elevated serum lipoprotein(a) levels. The applied
physical training of low intensity and prolonged duration resulted in significant decrease in serum
Lp(a) levels in both study groups. The reduction of Lp(a) concentrations was observed both in
patients with considerable hyperlipoproteinemia(a) and in subjects with Lp(a) levels within the
normal range. In the control group Lp(a) levels remained unchanged. The study findings indicate
that continuous training based on aerobic exercise favorably alters atherogenic lipoprotein(a)
levels and confirm the important role of physical activity in the prevention of ischemic heart dise-
ase.
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Lipoprotein(a) [Lp(a)] is regarded as a
congenital, major and independent risk fac-
tor for atherosclerosis. The risk of ische-
mic heart disease increases twice when se-
rum Lp(a) level exceeds 30 mg/dl and even
more when elevation of lipoprotein(a) is
accompanied by concomitant raise in LDL-
cholesterol (11).  A considerable body of
evidence derived from experimental and
clinical studies supports the view that in-

creased serum concentrations of Lp(a) fa-
vors development of atherosclerotic lesions
in coronary and brain arteries (11, 13, 23).
Moreover, high levels of lipoprotein(a) have
been found to correlate with the develop-
ment of vein graft stenoses after coronary
artery bypass surgery (5, 27). Several at-
tempts have been made to investigate the
possible influence of physical exercise on
serum lipoprotein(a) levels (4, 8, 9). Ho-
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wever, the results of these studies are con-
flicting and inconclusive. Therefore we
addressed the issue of whether cardiac re-
habilitation training of intensity below ven-
tilatory threshold affects serum lipoprote-
in(a) concentrations in patients with ische-
mic heart disease.

Material and methods
Patients with ischemic heart disease,

who had been referred for cardiac rehabi-
litation to the Cardiac Rehabilitation Ho-
spital in Poznañ,  were enrolled in the stu-
dy. The study population consisted of 34
patients who had survived Q-wave myocar-
dial infarction (MI) 2-6 months prior to
entering the program [MI group] and 20
patients who had undergone coronary ar-
tery bypass grafting (CABG) 2-6 months
earlier [CABG group]. The control group
consisted of 15 subjects that had survived
myocardial infarction or coronary artery
bypass grafting, who did not participate in
rehabilitation program at the time of the
study; all of them entered rehabilitation
within 3 weeks after the study was finished.
All patients included in the study had good
exercise capacity (≥100 Watts in MI group
and ≥75 Watts in CABG group) and prese-
rved left ventricle ejection fraction (≥40%
in MI group and ≥34% in CABG group).

Exercise tolerance was determined on
the basis of symptom-limited bicycle er-
gometry (SECA Cardiotest 100 ergometer
equipped with computer analysis of elec-
trocardiogram [MC 6000, Cambridge]).
Exercise tests were performed 2 hours after
a light breakfast (one roll with margarine,
light tea or decaffeinated coffee). The ini-
tial load of 25 Watts was  increased by 25
Watts every 2 minutes, while the number
of revolutions per minute was constant (58-
62 rev./min). Blood pressure was measu-
red by sphigmomanometry and 12-lead
electrocardiogram was recorded prior to the

beginning of the exercise test, at the end of
each stage, and within one, three and five
minutes after the test was finished. The in-
dications for termination of the test were
as follows: angina, excessive increase in
blood pressure (systolic > 230 mm Hg, dia-
stolic > 115 mm Hg), decrease in blood
pressure (> 10 mm Hg despite increased
load and accompanied by the symptoms of
ischemia), arrhythmia or disturbances of
conduction, horizontal or down-sloping ST
segment depression of > 0.2 mV, elevation
of ST segment > 0.1 mV without Q wave,
or signs of peripheral hypoperfusion (pa-
leness, cyanosis, cold sweat, pain in legs).

Left ventricle ejection fraction was es-
timated by two-dimensional echocardio-
graphy (Sonos 100 CF, Hewlett Packard,
equipped with a mechanical transducer 2.5
MHz); the complete echocardiography in-
cluded M-mode, two-dimensional, color
Doppler and spectral Doppler analysis.

The 3-week rehabilitation training (con-
tinuous mode) was performed on a bicycle
ergometer five times a week (15 sessions).
Each session lasted 40 min and consisted
of a 5-min warm-up, 30 min of workload
and 5 min of recovery (without workload).
The exercise load was 10% lower than that
at which ventilatory threshold was reached
during the initial exercise test.

The ventilatory threshold was determi-
ned on the basis of computer analysis of
nonlinear increase in minute ventilation and
expiration of carbon dioxide along with li-
near increase in minute oxygen uptake, the
value of the respiratory quotient [VCO

2
/

VO
2
], and a constant increase in respirato-

ry equivalent for oxygen [VE/VO
2
] with

concomitant lack of increase in respirato-
ry equivalent for carbon dioxide [VE/
VCO

2
] according to the method described

by Beaver et al. (3). The threshold was
determined via a bicycle ergometry perfor-
med on a Ergo Metrics 900 ergometer
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(Germany) equipped with the CardiO2
computer system (ECG Exercise System,
Medical Graphics, USA). The initial wor-
kload was 25 Watts and was increased by
25 Watts every 3 minutes until the ventila-
tory threshold was reached.

The mean training load was 66 Watts in
patients with a myocardial infarction histo-
ry and 55 Watts in subjects having had co-
ronary artery bypass grafting. The mean

heart rate was 97.2 ± 2.7 beats per minute
in MI group and 98.2 ± 2.1 beats per mi-
nute in CABG group.

Additionally, patients walked a distan-
ce of at least 2 km (30-60 min) each after-
noon and took part in recreational activi-
ties and team games 30 min daily.

Table 1. Pharmacological treatment

Medication Patients after MI Patients after CABG Control Group

Acetylsalicylic acid 100% 90% 100%

Beta-adrenolytic agent 80% 85% 67%

Angiotensin-converting

enzyme inhibitor

(ACE-inhibitor) 20% 40% 20%

Nitrates 20% 33%

Calcium-channel antagonist 15% 20%

Amiodarone 15%

Ticlopidine 10% 10%

The medication in patients after myocar-
dial infarction, coronary artery bypass gra-
fting and in the control group is shown in
Table 1. No changes in medication were
introduced during the study period.

Directly before and after completing the
3-week training program, peripheral blo-
od samples were taken after an overnight
fast from each subject. Serum lipoprote-
in(a) levels were determined by an immu-

noenzymatic assay (ELISA) (Cormay, MP,
Poland) at the wavelength of 450 nm. The
method is exact to 1 mg/dl.

The study was undertaken after appro-
val by the local Ethics Committee for Re-
search in Humans and informed consent
of all patients.

Table 2. Baseline anthropometric characteristics of the study groups (x ±SD)

MI - myocardial infarction; CABG - coronary artery bypass grafting
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Results
Anthropometric parameters, resting he-

art rate and blood pressure values are
shown in Table 2. All patients were over-
weight (BMI 26.9 ± 2.81 in MI group, 25.8
± 3.74 in CABG group). In patients after
myocardial infarction the resting heart rate
and blood pressure (systolic and diastolic)
significantly decreased after the 3-week

training (p < 0.05 and p < 0.01, respective-
ly). In patients with a history of coronary
artery bypass grafting a non-significant in-
crease in systolic blood pressure from 134,5
± 17.00 to 137.0 ± 25.66 mm Hg with con-
comitant decrease in diastolic blood pres-
sure from 89.0 ± 7.53 to 8.5 ± 11.10 mm
Hg was observed. The resting heart rate re-
mained unchanged.

Table 3. Changes in lipoprotein(a) concentrations in patients rehabilitated after myocardial
infarction (MI) or coronary artery bypass grafting (CABG) (x ± SD)

Fig. 1. Baseline serum lipoprotein(a) levels in patients rehabilitated after myocardial infarction (MI) or coronary
artery bypass grafting and in the control group (CABG)
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On admission to the cardiac rehabilita-
tion program, 56% of patients with a hi-
story of myocardial infarction and 55% of
patients with a history of coronary artery
bypass grafting had serum lipoprotein(a)
levels exceeding 30 mg/dl (Fig. 1). Ove-
rall, 49% of all patients had hyperlipopro-
teinemia(a).

In both study groups serum Lp(a) con-
centrations were significantly lower after

the rehabilitation training than at the be-
ginning (Tab. 3). The decreases in lipopro-
tein(a) concentrations were observed both
in patients with important hyperlipoprote-
inemia(a) and in subjects with initial Lp(a)
concentrations within normal range (p <
0.01). In the control group, the serum Lp(a)
levels remained unchanged.

Changes in serum lipoprotein(a) con-
centrations in individual patients are shown

Fig. 2. Changes in serum lipoprotein(a) concentrations during rehabilitation training in individual patients with hy-
perlipoproteinemia(a) above 30 mg/dl on admission. MI - myocardial infarction; CABG - coronary artery bypass
grafting
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in Fig. 2. Serum lipoprotein(a) levels exce-
eding 30 mg/dl were found in 19 patients
in the MI group, 11 subjects in the CABG
group and 4 patients in the control group.

Discussion
There is growing body of evidence that

suggests hyperlipoproteinemia(a) exce-
eding 30 mg/dl correlates with increased
risk of atherosclerosis and related diseases
(2, 7, 12). Raised Lp(a) levels have been
considered one of the most important risk
factors for myocardial infarction (following
elevated LDL-cholesterol, family history
of ischemic heart disease, elevated fibri-
nogen concentration and low HDL-chole-
sterol) (6). High incidence of hyperlipopro-
teinemia(a) in subjects with ischemic he-
art disease was further confirmed by the
results of our study. In both study groups
more then 50% of patients had serum Lp(a)
levels higher than 30 mg/dl (56% in MI
group, 55% in CABG group).

Although examined in several studies,
the influence of physical training on serum
lipoprotein(a) levels remains unclear. Phy-
sical exercise has been shown to decrease
Lp(a) concentrations in some studies (14,
15, 21, 24), while other authors have re-
ported unchanged or even raised lipopro-
tein(a) levels after training (4, 10, 17, 18).
Transient increases in Lp(a) concentrations
directly following intensive exercise have
been explained by the involvement of Lp(a)
in repairing muscle cells damaged by re-
active oxygen species generated during the
exercise (4, 19). In the above mentioned
studies elevations of serum Lp(a) paralle-
led increases in markers of cellular mem-
branes damage, such as creatine kinase and
its izoenzyme -2 activities or lactate dehy-
drogenase (LDH

2
) activities. In contrast,

Hubinger et al. (17) found that 6-weeks of
physical training at an intensity of 60-85%
of maximum heart rate does not affect li-
poproteinemia(a). The lack of influence of

physical training on serum lipoprotein(a)
levels has been attributed to the fact that
its production is genetically determined
(25) and thus hardly modifiable by envi-
ronmental factors such as physical activi-
ty.

In our study, we observed a slight, non-
significant decrease in lipoprotein(a) levels
in the control group. The possible expla-
nation of this finding is that patients follo-
wed physicians� instructions concerning
diet and lifestyle (recommendations of the
European Atherosclerosis Society 1992
(22)) given during the first meeting. Ne-
vertheless, data concerning the influence
of diet on the serum lipoprotein(a) levels
are sparse, with the exception of the diet
rich in omega-3 acids and the reduction diet
(15, 25).

We have observed significant decrease
in lipoprotein(a) levels in patients with a
history of myocardial infarction or coro-
nary artery bypass grafting after a 3-week
rehabilitation training. The reduction of
Lp(a) observed during the training can pro-
bably be attributed to the character of ap-
plied exercise. The training workload was
10% lower than that at which ventilatory
threshold had been reached; therefore, the
performed exercise was entirely aerobic.
Such exercise not only does not enhance
the generation of reactive oxygen species,
but also augments the activity of lipopro-
tein lipase, an enzyme that facilitates bin-
ding of Lp(a) to  heparan sulfate on cell
membranes and accelerates its catabolism
(26). According to some authors, 25% of
Lp(a) is degraded by LDL-receptor, despi-
te the fact that in vitro studies have demon-
strated a low affinity of Lp(a) to LDL-re-
ceptors on macrophages and fibroblasts (1,
20).

The results of our study demonstrate
that cardiac rehabilitation training based on
continuous aerobic exercise results in a si-
gnificant reduction in serum lipoprotein(a)
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levels both in subjects with considerable
hyperlipoproteinemia(a) and in patients
with serum Lp(a) levels within normal ran-
ge (Tab. 3). This favorable influence of tra-
ining on lipoprotein(a) concentrations was
probably associated with low intensity of
the applied exercise. In this context, non-
significant, favorable changes in serum
concentrations of Lp(a) in patients not par-
ticipating in the rehabilitation program
(control group) are difficult to explain.
They might result from modifications in the
diet (increased intake of soluble cellulose
and fish fat) and lifestyle.

As hyperlipoproteinemia(a) is involved
in the processes of atherosclerotic plaque
formation as well as restenosis after coro-
nary angioplasty (16), the observed decre-
ase in Lp(a) levels during physical training
may be of importance in retarding athero-
genic process. The study findings support
the view of the important role for physical
activity in the secondary prevention of
ischemic heart disease.
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