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Introduction

INTRODUCTION

Since 1900, there has been a shift in cause of death from

infectious disease to chronic diseases. Nowadays, coronary

heart disease (CHD) is the leading killer in all developed

countries worldwide. Since the costs for health care

skyrocketed in most western countries in the last decades,

emphasis on health care has turned more towards health

promotion (l) . Many countries have adopted prevention

policies in order to reduce modifiable risk factors and

hence the prevalence of CHD. In 1991, the public health

service in the United States published a document on

National health promotion and disease prevention in order

to improve the health of the nation by the year 2000 (2) .

This document contains several objectives to reduce risk

for CHD and other diseases by means of changes in life-

style. The risk reduction programme concerns control of

risk factors such as smoking, elevated blood pressure and

high serum cholesterol. Besides the attention paid to

these risk factors, the major objective of the promotion

activities is to improve the proportion of people, who

engage regularly in moderate physical activity, 3 or more

days a week. Overall, people in all age groups should

exercise more at school, the workplace and during leisure

time (1-3).

Physical exercise and coronary heart disease

The first large epidemiologic study relating physical

fitness with a reduced risk for CHD was published in 1953,

concerning the occupational physical activities of London

busdrivers (4). It was concluded that physically more

active workers (conductors) had lower early mortality-rates

than their sedentary colleagues (drivers). Most early

researchers focused on activities at work, ignoring leisure

time physical activity (5-9). A potential bias in these

early studies is self-selection. Individuals who are less
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healthy may choose less physically demanding occupations.

Another major problem is the fact that physical activity is

very difficult to quantify. In addition, physical activity

and physical fitness may be interrelated but are not

synonymous (10). Later epidemiologic studies focused on

overall physical activity, because of the decline in jobs

demanding physical work and the concomitant increase in

leisure time physical exercise (11-16). A meta-analysis

conducted on 43, mostly well-designed epidemiologic

studies, showed consistently an inverse relation between

physical activity and the incidence of CHD (17). The

relative risk of inactive life-style appeared to be

comparable in magnitude to that of the established risk

factors hypertension, hypercholesterolemia and smoking.

More recently conducted prospective studies, all attempted

to minimize the influence of possible coronary risk factors

and self-selection of the subjects and have used improved

methods to assess physical activity (18-21). The outcome of

these investigations support the idea that a higher level

of physical fitness is associated with a reduced risk for

cardiovascular disease and early mortality. However,' all

epidemiologic studies, conducted so far, are observational

in design, without randomization of the subjects.

Confounding factors in these studies may be self-selection

bias and clustering of atherosclerotic risk factors in the

sedentary population, objective measurement of the amount

of physical activity and the influence of other health

promoting life-style adaptations in exercising individuals

(23). Prospective studies on physical activity and the

secondary prevention of myocardial infarction, revealed a

significant reduction in coronary events in exercising

patients (22) . However, in most studies other life-style

changes were incorporated like cessation of smoking and

a d a p t a t i o n o f t h e diet.,,,,,-...,....•„•,., -..»,.,, . ,...,- ....•,.-,..,



Introduction

Atherosclerosis

Atherosclerosis, the underlying cause in most cases of

coronary heart disease, is not a single illness, but a

multifactorial disorder (24-27) . The primary lesion of

atherosclerosis is the fatty streak, mainly consisting of

lipid-loaded cells, the so called foam cells. Aortic fatty

streaks are commonly seen in childhood, while coronary

lesions occur in early adolescence. Advanced

atherosclerosis is represented by the fibrous plaque,

composed of a cap of intimal smooth muscle cells,

connective tissue matrix, macrophages and T-lymphocytes and

containing a core of lipids, cholesterol crystals, and

cellular debris. Fibrous plaques already begin to develop

in youth and young adulthood. By increasing in size, these

plaques may rupture, exposing the highly thrombogenic

internal constituents to the arterial blood. This may lead

to thrombogenesis and vascular occlusion. Various theories

have not yet fully elucidated the origin of early

atherogenesis. The first step in atherogenesis may be

endothelial injury of the intima, which may lead to

attachment of monocytes/macrophages, T-lymphocytes and

possibly platelets and migration of smooth muscle cells.

All five principal cells involved in atherosclerosis

endothelial cells, smooth muscle cells, macrophages, T-

lymphocytes and platelets - are able to produce growth

factors inducing proliferation of the lesion into a fibrous

p l a q u e . ^ ». -.-•• 'v>u •?-...) \ .• ••.-•.-

Risk factors

Multiple epidemiologic, clinical and laboratory studies

have identified several physiologic and life-style factors,

which play a causative role in the incidence of coronary

heart disease. Some of these risk factors are not

modifiable biological factors. Among those, age is a

important predictor for cardiovascular disease (28-30).

Already by the age of 35, coronary heart disease is the
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leading cause of death. A second important not modifiable

risk factor is gender (28) . Women have generally a lower

risk for coronary heart disease than men, but the incidence

is greatly increased after the menopause. The protective

effect of female sex hormones, inducing more favourable

lipid profiles and more specifically, a higher serum level

of HDL-cholesterol, seems to be the underlying cause for

this. Furthermore, genetic factors are highly prognostic

for the incidence of coronary heart disease (28,29) . These

include a family history of heart attacks before age 50, of

hypertension and of lipid or other metabolic dysfunctions.

In addition, three major potentially modifiable, risk

factors for atherosclerosis are established. A high blood

pressure is strongly correlated to the incidence of

coronary heart disease (28,30-33). Although, a high blood

pressure is often genetically determined, it can be lowered

by a number of non-drug measures, like control of sodium

intake, proper weight maintenance, and quit smoking.

Exercise is also supposed to have favourable effects on

moderately elevated blood pressure levels (31).

Cigarette smoking is an important life-style factor

associated with the incidence of cardiovascular disease

(28,29). Direct effects of nicotine and carbon monoxide

poisoning of cells in the vessel wall have been

demonstrated (28). In addition, smoking induces an increase

in plasma fibrinogen concentration and has a negative

influence on serum lipoprotein levels (28). A tight

coupling exists between smoking and other adverse life-

style habits, like excessive coffee intake and the

consumption of low fibre, high fat diets (29).

Hypercholesteremia is the third major modifiable risk

factor (28,30-34). Plasma serum cholesterol levels have

been shown to correlate strongly with cardiovascular

disease in both case control and prospective studies. This

correlation is almost entirely due to the high association

between the incidence of coronary heart disease and serum



Introduction

LDL-cholesterol levels (32,33). A strong, inverse

correlation exists between HDL-cholesterol and

cardiovascular disease (34) . The mechanism through which

HDL-cholesterol exhibits its protective effect is not fully

elucidated, but the mechanism of action may involve

transport of cholesterol back to the liver, which in its

turn, catabolizes and excretes excessive amounts of

cholesterol (34) .

Other, potentially modifiable factors, which have been

associated with the pathogenesis of cardiovascular disease,

include obesity, glucose intolerance, serum triglycerides,

dietary habits and a high alcohol consumption

(28,29,32,33). A sedentary life-style and poor physical

fitness is another 'bad habit' in relation to

cardiovascular disease (18,19,33).

However, these known risk factors do not fully explain the

variability in atherogenic lesions, leaving space for

haemostatic factors to play a role in the development of

cardiovascular disease, including thrombogenesis. Several

large prospective epidemiologic studies have designated

elevated levels of fibrinogen as an independent risk factor

for cardiovascular diseases (35,36). This association was

of the same order of magnitude as other powerful predictors

for cardiovascular disease, like systolic blood pressure,

cholesterol level, weight, smoking etc. The mechanism by

which fibrinogen may promote atherosclerosis and thrombosis

is not fully understood. Fibrinogen affects haemostasis,

platelet aggregation, endothelial function and is the major

determinant of plasma viscosity. Through these properties,

fibrinogen may reduce blood flow, enhance platelet

aggregability and induce atherogenesis (35). The role of

fibrinogen as acute fase reactant should also be considered

in relation to cardiovascular disease. Since several

aspects of atherosclerosis resemble a mild inflammatory

process, fibrinogen may also be a risk marker in stead of a

risk factor (35,36). One of the most important causes of
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increased fibrinogen levels is cigarette smoking (36) . This

correlation is dose dependent, and more strongly in men

than in women. Age and sex differences are also important

determinants of plasma fibrinogen concentration (35,36).

A reduced fibrinolytic capacity, mainly due to increased

levels of plasminogen activator inhibitor (PAI), may be

related to the incidence of cardiovascular disease (37) .

PAI plays an important role in fibrinolysis by its

inhibitory binding to tissue plasminogen activator. The

conversion of plasminogen to plasmin by tissue plasminogen

activator, is an important step in the fibrinolytic

process. Elevated PAI levels may disturb the balance

between haemostasis and fibrinolysis, facilitating the

deposition of fibrin on the vessel wall. Increased PAI

levels are observed in patients suffering from coronary

heart disease and may also be related to other risk

factors, like total cholesterol and triglycerides (37).

Circulating platelets may not be involved in the initial

development of the fatty streak. But activated platelets

can release a number of important growth factors, like

platelet derived growth factor and platelet factor 4, a

heparin binding protein (38) . In this way platelets will

stimulate plaque development. Furthermore platelets play a

major role in acute cardiovascular events, by adherence to

the atherosclerotic plague and hence initiating thrombus

formation (38).

A strong and independent predictor of cardiovascular

disease seems to be lipoprotein(a), which has been found in

arterial walls on sites of plaque formation (39-41).

Lipoprotein(a) is assembled from LDL-cholesterol and a

glycoprotein, apolipoprotein(a) (apo(a)). Apo(a) shows a

striking homology with plasminogen, a principal component

of the fibrinolytic system (39,41). But, in contrast to

plasminogen, lipoprotein(a) has no proteolytic activity.

The structural similarity between an atherogenic

lipoprotein and a proteolytic enzyme of the fibrinolytic
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system, is potentially the first evidence for a molecular

based link between atherosclerosis and thrombosis (41,42).

Although the actual function of lipoprotein(a) is still

unclear, it has been speculated that lipoprotein(a)

competes with plasminogen for fibrin binding sites and in

this way can inhibit fibrinolysis (41-45). However,

clinical studies so far, have failed to demonstrate reduced

capacity of the fibrinolytic system in persons with high

level of lipoprotein(a).

Physical exercise and the risk factor profile

Regular performance of dynamic exercise for at least 2 0 to

3 0 minutes, for three or more times a week, induces

cardiovascular or aerobic fitness in the exercising

individual (46). Physical training directly promotes

cardiorespiratory fitness through several adaptations of

the body due to the increased workload, like a reduction in

resting heart rate, an increase in stroke volume and a rise

in maximal oxygen consumption (46,47). In addition, regular

exercise seems to produce a variety of mental benefits,

like a feeling of well-being, better management of stress

and anxiety, and better dietary control (46). Also a number

of physiologic effects are attributed to exercise. Physical

exercise and physical fitness coincide with a reduced risk

for cardiovascular disease (16,17). The mechanism through

which physical activity may reduce cardiovascular morbidity

and mortality is still unclear. Regular physical training

may beneficially influence several risk factors e.g. blood

pressure, and serum lipids and lipoproteins (19-22). This

concept was primarily derived from cross-sectional studies,

comparing endurance trained athletes with matched sedentary

controls (48-52) . Major differences between active people

and their inactive counterparts, appear to be the more

favourable serum lipid status (52-54). More specifically,

exercise is associated with reduced serum levels of

triglycerides and, although not consistently, LDL-

8
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cholesterol and raised levels of HDL-cholesterol (34,53-

55) . Cross-sectional studies are inevitably biased due to

self-selection of the individuals under investigation.

Physical active subjects may differ from sedentary

individuals in body mass and body composition and the use

of cigarettes, alcohol and other dietary or life-style

habits (50,51-55). Longitudinal epidemiologic studies on

the effect of physical exercise on the risk factor profile

differ greatly in design, duration and methodology, so

results are difficult to compare (55) . Most of these

studies support the results derived from cross-sectional

data, although often only marginal effects of habitual

exercise on blood lipids are described (56-60).

Lipoprotein(a), an atherogenic substance, is a topic in

contemporary research (40-45). Serum lipoprotein(a)

concentrations seem to be largely unrelated to other risk

factors and are relatively unaffected by changes in diet or

medications, currently used to treat hypercholesterolemia

(40,45). These observations support the concept that

lipoprotein(a) metabolism is largely independent to that of

other lipoproteins and a study to the effect of exercise on

lipoprotein(a) is therefore of great interest. However, up

to now, only few studies report on the effect of regular

exercise on serum lipoprotein (a) levels (61,62). "' =• • >,

Exercise may influence haemostasis through a number of

pathways (63) . The observation that strenuous physical

exercise can cause hyperfibrinolysis of the blood, was

first described by Biggs (64) . Since then, this observation

has been confirmed by a number of investigators (63,65-69).

Fibrinolytic activity is transiently increased after

vigourous exercise, mainly caused by an increased release

of tissue plasminogen activator from the vessel wall

(65,67). in response, plasminogen activator inhibitor

levels are generally reduced acutely after exercise (66-

72) . The influence of physical conditioning on the resting

fibrinolytic potential is less extensively studied and the
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results seems to depend greatly on the exercise protocol

and laboratory tests used as well as the subjects under

investigation (67,68,72). Physical conditioning appears to

increase the amount of active plasma tissue plasminogen

activator by decreasing the plasma concentrations of

plasminogen activator inhibitor (71,72). Because of

presumed correlation between PAI and the incidence of

coronary heart disease, the potentially beneficially

influence of exercise on plasma PAI concentrations is

recently extensively studied (68-72).

The effect of physical exercise on fibrinogen

concentrations is a subject of controversy. while in some

epidemiologic studies, physical conditioning was found to

be inversely associated with plasma fibrinogen

concentrations, in other studies no effect or the opposite

was observed (73,74). Physical exercise influences in vitro

clotting times. The activated partial thromboplastin time

can be significantly shortened post exercise, mainly caused

by increased levels of factor VIII activity and von

Willebrand factor antigen, released from the endothelial

cells (63) . However, actual activation of the coagulation

cascade appears to be unusual, because generated thrombin

is inactivated by antithrombin III (63) . Some studies on

increased levels of thrombin-antithrombin III complexes,

but this is mainly observed in the acute post exercise

State (63,65,66,70) .

Platelet counts increase significantly with strenuous

exercise, due to the release of thrombocytes from the

spleen and other sites of temporary trapping, like the

pulmonary circulation (75,76). However, platelet numbers in

plasma of trained athletes are generally not elevated in

comparison to inactive controls (63) . Whether exercise

induces platelet activation is controversial. Several

studies on the effect of physical exercise on blood plate-

lets, were conducted with in vitro aggregation techniques

(70,75-77). In some studies, but not all, an increased

10
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platelet activation is observed acutely after exercise, but

not after prolonged physical conditioning (76-79). Apart

from the great variability in study design, the bad

reproducibility of the in vitro tests, is an additional

source of error. Other investigators have measured the

plasma concentrations of platelet specific proteins as a

response to physical exercise (80,81). The equivocal

results obtained by the various studies, may reflect the

difficulty to standardize exercise intensity, blood

collection techniques and test procedures (63,80,81).

Outline of this thesis

Extensive literature exists on the effect of physical

exercise on anthropometric and blood variables. However,

cross-sectional studies are biased due to confounding

factors, like self selection of the individuals and the

influence of other life-style habits (82-84). The majority

of investigations concerns groups of either men or women

(53-56,85). In studies including intensive guidance of the

training sessions, often a relatively short follow-up from

several weeks to few months is established

(56,57,60,65,85,86). In most studies, blood parameters are

measured within 24-48 hours after an exercise test or

running contest, reflecting acute post exercise effects

(54,56,57,68,72). Finally, only few studies report on the

relation between the changes in blood parameters under the

influence of long-term regular exercise (58).

The present study was started in order to investigate the

non-acute effects of a nine months training programme on

lipids, parameters of the haemostatic system and the

relation between these variables, in blood of previously

sedentary men and women. The selection procedure of the

subjects and the exercise programme as well as materials

and methods are presented in chapter 2. The effect of

physical conditioning on serum lipids, lipoproteins and on

some anthropometric parameters, is reported in the next
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chapter. The effect of exercise on serum lipoprotein(a)

concentrations was studied in chapter 4. Chapter 5 contains

results on physical training and blood coagulation and in

the next chapter the influence of regular exercise on

fibrinolysis is described. Chapter 7 focuses on the non-

acute effects of exercise on blood platelets. Finally, in

chapter 8, the influence of physical conditioning on

various factors of the risk factor profile and the

correlation between these parameters is discussed. *

. • • ; . . -

.. ••-..•r^; a-
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SUBJECTS

Subjects were recruited by means of advertisements in two

regional newspapers and on a local radio station.

Threehundred seventy people reacted and were all invited on

an informational session. Subject's medical histories,

physical activity levels and dietary habits, were obtained

by questionnaires. Those, who suffered from any chronic

disease or who participated in any sports such as running

or jogging or who were active for more than one hour per

week in other recreational sports, were excluded. From the

remaining group, a non select sample of 26 men and 21 women

was taken. After two information sessions, concerning the

outline and the duration of the study, all subjects gave

their written informed consent.

Thirty-four of the 47 volunteers completed the study, 20

males aged from 32 to 49 years (median= 39 years) and 14

females aged from 27 to 41 years (median= 35 years) . Basic

personal characteristics of the participants are shown in

Table I. Some of the reasons for drop-out were mental

stress (n=2), injuries (n=4), moving away due to change in

employment (n=2) and relational problems (n=2). The drop-

out did not alter significantly the median age of the

remaining group of participants. Among the remaining

participants were three female and six male cigarette

smokers (maximum of ten cigarettes a day), who continued to

smoke during the test period. All individuals kept their

diet and other living habits, like the use of alcohol, as

constant as possible during the study.

MATERIAL AMD METHODS

Training programme

After a medical examination, all volunteers participated in

an endurance training programme, preparing for a half

marathon run. Before the start of the programme, all

22



Chapter 2

Table I: Anthropometric values and contest running time of participants

MEN

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

WOMEN

1
2

4
•V- 5

6
7
8

A 9
TO
11
12
13
14

NR = no result

length (m)

1.73
1.73
1.87
.72

1.73
1.80
1.79
1.82
1.70
.76
.83

r.87
.75
.76
.79
.87
•7i

•:':" l i f iS ' . •':.', ' •

• " • • • • - • ^ n B l - • • ' ' •

1.75
1.72

•1.88
1.78
1.68
1.78
1.57
1.72
1.68
1.68
1.80
1.67
1.70
1.60

age (y)

43
40
36
49
39
32
34
35
36
34
32
32
40
34
40
39
42
41 i.
40
40

38
27
33
32
38
36
33
36
41
35
28
35
41
33

weight (kg)

68.0
77.0
75.6
64.0
59.4
83.0
69.4
72.0
70.3

f l T 76.0
85.0
79.6
66.3
80.1
75.0
74.2
85.0
74.5
69.7

68.5
63.0
61.1
70.4
61.0
66.8
52.6
63.3
64.4
50.0
57.0
60.1
65.2
54.0

runnina time

15 km

1.05.33
1.11.35
.09.03
.20.22

1.15.03
NR

1.07.28
1.07.32
1.11.35
1.14.47
.19.06
.06.04
.16.00
.19.42
.12.52
.07.27
.20.18
.25.14
.26.42
.09.02

1.27.42
1.31.40
1.28.10
1.22.10
1.24.50
1.11.35
1.15.25
1.22.02
1.29.58
1.10.47
1.19.52
1.40.54
1.34.00
1.24.16

(h.min.sec)

21 km

1.40.50
1.42.39
1.42.00
1.59.57
1.44.15
1.54.21
1.32.34
1.41.15
1.42.28
1.56.03
2.05.04
1.33.02
2.07.20
1.54.24
1.32.52
1.34.50
2.01.14
2.01.06
1.45.20
1.41.50

2.20.34
2.13.33
1.47.22
1.56.58
2.00.01
2.14.55
1.53.06
2.04.44
2.07.19
1.39.44
1.56.35
2.14.00
2.00.09
1.59.38

anthropometric tests were conducted and blood samples were

taken. The training schedule was essentially the same as

previously described by Janssen et al (1) . The training

period lasted approximately 9 months and can be divided

into two periods, each terminated with a contest (Figure

1) - After 24 weeks, all subjects ran a 15 km race, and
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after 36 weeks a half marathon run (21.1 km). Median

(interquartile range) running time on the 15 km was 1.12

h.min (1.08-1.20 h.min) for the men and 1.24 h.min (1.19-

1.3 0 h.min) for the women. Median running time on the 21.1

km was 1.44 h.min (1.41-1.58 h.min) and 2.01 h.min (1.56-

2.13 h.min) for the groups of men and women, respectively

(Table 1) . During the preparation period, the volunteers

trained regularly 3 to 4 times a week; 6 weeks before each

contest the number of training sessions was enhanced to 5-6

times a week (Table II). All training sessions were

performed under professional supervision of an experienced

trainer. During one of the sessions, special attention was

paid to warming-up, stretching, cooling-down, and style and

technique of running. The training schedule consisted of

three basic elements: long-distance running, running at a

higher speed (pace running) and interval training. Seventy-

five - 85% of maximal heart rate was reached during the

long-distance runs, 85 - 95% of maximal heart rate for

running at a fixed pace (over 200 - 2000 m) and 95 - 100%

of maximal heart rate for short-distance intervals (200 -

600 m). These three elements were present as 70%, 20%, and

10% of the distances covered a week. The training sessions

lasted maximally 60 min. in the first part of the study and

not more than 100 min. in the second part. The purpose of

this training programme was to reach a gradually undulating

increase of the amount of the individual training load.

Morover, the distance covered in one training session was

not more than the distance of the race coming up.

Blood pressure . ......

Blood pressure was determined by a skilled technician,

after a five-minutes rest period of the subjects in supine

position using a standard auscultatory method. For the

systolic blood pressure the first Korotkoff sounds were

noted, while the diastolic blood pressure was measured at

the disappearance of the Korotkoff sounds.
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days

blood
sample

exercise
test

weeks

15 km 21.1 km

1
+5

1
24 36

Figure 1
A schematic representation of the exercise programme. . „

Body fat

Percentage body fat was assessed by measuring skinfolds

thickness on four sites: biceps, triceps, subscapular and

S U p r a - i l i a C ( 2 ) . : - ^ > ..- •••..•:. . . • ; = , , .••;.• -- :•.:- ••;-.• - •. :
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Exercise test 's*

Graded maximal exercise tolerance test was conducted us*ing

a Lode bicycle ergometer (Lode, Groningen, the

Netherlands) . The test started at a workload of 50 Watt.

After a warming-up period of 10 minutes, the exercise

intensity was increased by 50 Watt every 4 minutes until

exhaustion. During the test, subjects cycled at a rate of

approximately 8 0 rpm and the heart rate was monitored

continuously. Wmax was calculated as the power step at

which was cycled for the complete 4 minutes, plus the

fraction of power cycled in the final intensity step.

Blood samples

Blood samples were drawn between 8.00 and 9.00 am. All

subjects were seated and had not eaten or exercised during

the ten hours preceding phlebotomy. Samples were taken

before the start of the training programme and, in order to
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avoid acute effects, five days before both races and

additionally 5 days after the half marathon run. Non

traumatic venipuncture was performed by trained

technicians. Citrated plasma, for the determination of the

blood coagulation and fibrinolytic variables, was obtained

by mixing nine volumes of freshly drawn blood with one

volume trisodium citrate (O.ll mol/1) and centrifugation

for 3 0 min (3000xg) at 4°C. For the measurement of the

platelet specific proteins, 4.5 ml blood was drawn into

test tubes containing 0.5 ml of a mixture of citric acid,

theophylline, adenosine and dipyridamole (Boehringer

Mannheim Corp., Mannheim, Germany). All tubes were

centrifuged immediately for 30 min (3000xg) at 4°C. Plate-

let poor plasma was slowly and gently aspirated from the

central part of the plasma without disturbing either the

top layer or buffy coat, within one hour from sample

collection serum (for the determination of lipids and

lipoproteins) and plasma were snap-frozen in aliquots and

stored at -70°C in plastic tubes. Immediately prior to

serial analysis, test tubes were thawed at 37°c.

Table II Training schedule of the last 6 weeks before the contests ::.;, \ * <v

15 km

distance (km)

% endurance run

% interval run

% speed run

1 /2 marathon

distance (km)

% endurance run

% interval run

% speed run

number of

6

45

89

» • • . •

a

65

87

8

5

weeks

5

22

62

9

50

76

16

8

before the

4

20

78

35

71

20

9

contest

2

45

90

«•- 6

X < ,.4 v

70

80

14

6

1

28

80

11

9

55

69

22

9

0

10

67

20

13

25

72

16

12
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Analyses

Triglycerides and cholesterol were assayed employing fully

enzymatic methods and using a Cobas Bio centrifugal fast

analyzer (Roche Diagnostica, Basel, Switzerland). All

samples were assayed with commercial test kits according to

the instructions of the manufacturer. Serum triglycerides

were determined using a test kit of Roche Diagnostica.

Total serum cholesterol was analyzed using a kit of

Boehringer Mannheim (Mannheim, Corp.). HDL-cholesterol

fraction was isolated by the precipitation of chylomicrons,

VLDL- and LDL-lipoproteins from serum by the

phophostungstic acid/ magnesium chloride precipitant and

determined with a test kit of Boehringer (3) . LDL-cho-

lesterol was calculated according to the Friedewald

equation (4). The intra-assay coefficient of variation (CV)

of the tests was less than 5%.

Lipoprotein(a) was measured using a commercially available

enzyme-linked immunosorbent assay (ELISA) kit (TintElize

lipoprotein(a) kit, Biopool AB, Umea, Sweden) (5) . This

assay includes ready to use micro-test plates, containing

affinity purified sheep anti-apo(a) immunoglobulines and

sheep anti-apo(a) peroxidase conjugated immunoglobulines.

The intra-assay CV mounted 3.1% at a concentration of 150

mg/1 lipoprotein(a) and 4.8% at a concentration of 65 mg/1

lipoprotein(a).

Fibrinogen was determined by the clotting assay of Clauss

(6). Reference values, determined in plasma from 50 healthy

volunteers ranged from 2.0 to 4.0 g/1. The fibrinogen

analysis showed an intra-assay CV of 3.2% and an inter-

assay CV of 4.1%. The von willebrand factor concentration

was quantitated with an Elisa testit of Boehringer Mannheim

Corp. (7). For the factor Vlll:c determination an activated

partial thromboplastin time (APTT) one stage clotting assay

was performed, using a factor deficient plasma from Behring

(Marburg, Germany) (8). The CVS obtained for von Willebrand

factor were 3.4% for the intra-assay variation and 6.7%
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for the interassay variation, for the factor VIII:c

determinations CVS of 3.7% and 6.1% were found. Thrombin-

antithrombin III was determined with an ELISA kit of

Behring Corporation (9) . Reference values, determined in

plasma of 50 healthy volunteers were 1.0 - 4.1 /KJ/1 . For

thrombin-antithrombin III the intra-assay and interassay

coefficients of variation were 5.1% and 7.4%, respectively.

Tissue-plasminogen activator antigen (t-PA) concentrations

and D-dimer concentrations were determined in plasma by an

ELISA method according to the instructions of the

manufacturer (Kabi Vitrum Diagnostica, M61ndal, Sweden and

Boehringer Mannheim Corp., respectively) (10,11). Intra-

assay CV was less than 5% for both assays. Plasminogen

activator inhibitor (PAD activity was analyzed with a

commercial test kit from Kabi Vitrum Diagnostica (Molndal,

Sweden), using excess single chain t-PA and S-2251 as

chromogenic substrate for plasmin (12) . PAI activity is

expressed in arbitrary units times 10* per 1 (AU.10VD; 1

AU equals the amount of PAI that neutralizes 1 IU of t-PA

under conditions instructed. Intra-assay coefficient of

variation was less than 10%. Reference ranges, determined

in plasma of 50 healthy volunteers (males and females)

were for t-PA: 0.9 - 12.1 ^g/1 and for PAI: 10.7 - 32.7

AU.10V1. The D-dimer reference values ranged from 37 to 373

/xg/1 for males and from 38 to 438 M9A for females.

Plasma platelet factor 4 and beta-thromboglobulin

concentrations were determined by an ELISA method according

to the instructions of the manufacturer (Boehringer

Mannheim Corp., Mannheim, Germany) (13). Platelet factor 4

and beta-thromboglobulin standards were standardized

against the First National Standards, 83/505 and 83/501

respectively. Intra-assay CV was between 5-10% for both

assays.

Statistics

All statistical computations were done with SPSS/PC+
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Statistics 4.0 computer package (14) . wilcoxon signed rank

test was used to compare differences in pre- and post-

exercise blood samples. The Mann-Whitney wilcoxon test was

used to compare the male and female population.

Correlations between changes in lipids, lipoproteins and

haemostatic factors and changes in anthropometric values

were calculated according to the method of Spearman.
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SUMMARY

The influence of endurance training on serum lipids and

lipoproteins was investigated in 20 sedentary males and 14

sedentary females. The total group was trained 3 to 4 times

a week for 9 months. After 24 weeks all subjects ran a 15

km race and after 36 weeks a half marathon (21 km) race.

Anthropometric values were determined before and after the

training programme. Blood samples were drawn before the

start of the training programme and, in order to avoid the

measurement of acute effects, 5 days before both races. In

the male group, median body weight and body mass were

significantly decreased (p<0.01) after nine months of

training, while percentage body fat, was significantly

decreased in both groups. During the training period,

median serum total cholesterol, low density lipid

cholesterol and triglyceride concentrations decreased

significantly (p<0.0l) in the male group, but not in the

female population. The changes in serum lipids or

lipoproteins did not correlate significantly with changes

in body weight, body mass index or percentage body fat.

Stepwise multiple regression showed that these changes were

mostly dependent on initial serum levels. Finally, no

significant increase in median high density lipid

cholesterol was observed in either the male or female

group.

In conclusion, the results from our study demonstrate that

prolonged physical conditioning of moderate intensity has

beneficial effects on lipid and lipoprotein concentrations

of male runners, but does not essentially influence lipid

and lipoprotein profiles in female runners. • ,;• J?-u-;*: . . r -
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INTRODUCTION

Coronary heart disease is a serious health problem in most

western countries (1) . Although the precise etiology of

coronary heart disease still needs to be elucidated, a

contributing role for elevated serum lipids and

lipoproteins has been established. In both men and women

total cholesterol, low density lipoprotein cholesterol

(LDL-cholesterol) and triglycerides are positively

correlated to the risk of coronary heart disease, while

high density lipoprotein cholesterol (HDL-cholesterol) is

inversely related (2,3,4). In order to manipulate

lipoprotein levels, life-style intervention may be

attempted prior to pharmacotherapy (5,6,7). It has been

suggested that exercise may protect against ischemic heart

disease, partly through effects on plasma lipids and

lipoproteins (7,8,9,10). Cross-sectional studies, comparing

endurance trained athletes to sedentary individuals,

generally have shown lower levels of triglycerides, total

cholesterol and LDL-cholesterol and higher levels of HDL-

cholesterol in sera of the trained subjects (11,12,13).

However the athletes concerned were often involved in

vigorous training programmes, so the results of these

studies may be biased due to self-selection of physically

active subjects (11,13). Less intensive physical

conditioning may be more appropriate to elicit long-term

improvement in plasma lipoprotein profiles for a large

population. Longitudinal studies of individuals exercising

on recreational basis have yielded less marked results,

which are often equivocal due to confounding factors like

length of the training period, intensity and form of the

training programme and diet or weight loss of the

individuals under investigation (14-20). Furthermore, most

of these studies are restricted to either exercising males

or - to a far lesser extent - exercising females (17-20).

The present study is designed to investigate the effects of
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a prolonged training programme of moderate intensity on the

lipid status in a group of previously sedentary males and

females, while keeping other habitual factors constant.
-r

MATERIAL AND METHODS >

Subjects

Threehundred seventy people replied to advertisements in

two local newspapers and on a local radio station. Those

who participated in any sports such as running or jogging

or who were active for more than one hour per week in other

recreational sports were excluded. From the remaining

group, 47 individuals were aselectly chosen to participate

in the study. Thirty-four of the 47 participants fulfilled

the study, 20 males aged from 32 to 49 years (median:39

years) and 14 females aged from 27-41 years (median: 35

years). No lipid lowering or antihypertensive medication

was used by any of the volunteers. Among the participants

were three female and six male cigarette smokers (maximum

of ten cigarettes a day), who continued to smoke during the

test period. All individuals kept their diet and other

living habits, like the use of alcohol as constant as

possible during the study. After two information sessions

all subjects gave their written informed consent.

Training programme

After a medical examination and pre-exercise control

measurements, all volunteers participated in a 9 month

endurance training programme preparing for a half marathon

run (21 km) . The schedule was essentially the same as

previously described by Janssen et al (21). The training

period lasted 9 months. After 24 and 36 weeks of training,

all subjects ran a 15 km and 21 km race, respectively.

During the general preparation period the volunteers

trained 3-4 times a week; 6 weeks before each contest the

training programme was intensified to 5-6 times a week.
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Beside the attention paid to style and technique of

running, stretching, speed, intervals, warming-up and

cooling-down, the training included three elements: long-

distance running, running at high speed and interval

training.

Blood samples

All blood samples were drawn between 8.00 and 9.00 am. All

subjects were seated and had not eaten or exercised during

the preceding ten hours before phlebotomy. Samples were

taken before the start of the training programme and, in

order to avoid acute effects, five days before both races.

Non-traumatic venipuncture was performed by trained

technicians. Within one hour from sample collection serum

was separated from blood, snapfrozen in aliquots, stored at

-70°C in plastic tubes and thawed at 37°C immediately prior

to serial analysis.

M e t h o d s a ' • . - : • , , - • • • • ••."••• •' ' • / . • • ' : • • . - : • * . ? ; - : . • - y '. !-

Percentage body fat was assessed by measuring skinfold

thickness on four sites: biceps, triceps, subscapular and

supra-iliac (22). Triglycerides and cholesterol were

assayed employing fully enzymatic methods and using a Cobas

Bio centrifugal fast analyzer (Roche Diagnostica, Basle,

Switzerland). All samples were assayed with commercial test

kits according to the instructions of the manufacturer.

Serum triglycerides were determined using a test kit of

Roche Diagnostica. Total serum cholesterol was analyzed

using a kit of Boehringer Mannheim (Mannheim, Germany) .

HDL-cholesterol fraction was isolated by the precipitation

of chylomicrons, very low density lipoprotein (VLDL)- and

LDL-cholesterols from serum by the phophostungstic acid/

magnesium chloride precipitant and determined with a test

kit of Boehringer (23). LDL-cholesterol was calculated

according to the Friedewald equation (23) . The intra-assay

coefficient of variation of the tests was less than 5%.
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Statistics

All statistical computations were done with SPSS/PC+ 4.0

computer package (SPSS Inc., Chicago, USA). Wilcoxon signed

rank test was used to compare differences in pre- and post-

exercise serum samples. The Mann-Whitney wilcoxon test was

used to compare the male and female population. All data

are given as medians and interquartile ranges. Correlations

between changes in lipids and lipoproteins and changes in

anthropometric values were calculated according to the

method of Spearman. Stepwise multiple regression was

carried out to find independent determinants for the change

in total cholesterol and triglycerides.

RESULTS

Effect of training on anthropometric values :-. --•-•-•'•"

Table I shows median (interquartile range) body weight,

body mass index and percentage body fat before and after

the training programme in the male and female group. Both

men and women experienced a weight reduction. In the male

group the median post-training body weight and body mass

index was significantly lower than the median pre-training

values (p<0.0l) . in both male and female group a

significant reduction of percentage body fat was noticed

(p<0.0l). ;

Effect of training on serum lipids and lipoproteins

Median (interquartile range) serum triglycerides, total

cholesterol, LDL-cholesterol and HDL-cholesterol of the

male and female group prior to the training programme, 5

days before the 15 km and 21 km race, respectively, and the

changes after nine months of training, are shown in Table

II and Figure l. A significant reduction of the median

triglycerides concentration at the end of the training

programme in comparison to pre-training levels (p<0.0l) was

only observed in the male group. Furthermore, only in the
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TABLE I

Median (interquartile range) body weight, weight body mass index (BMI) and percentage body

fat of the male (N = 20) and female (N = 14) group before and after the training programme.

gender before after

P-value

before vs. after

weight male 74.6(69.1-79.8) 72.2(64.9-77.7) p < 0.001

(kg) female 63.0(57.0-65.8)' 60.7(55.0-63.4)' p = 0.10

BMI male 23.1(21.6-25.5) 22.0(21.1-24.4) p = 0.001

(kg.m*) female 21.6(21.3-22.6)" 21.5(21.3-22.3) p = 0.14

body fat male 19.2(16.2-24.0)

(%) female 27.1 (24.3-30.5)'

14.1 (11.1-15.5)

24.3 (20.7-26.7)'

p = 0.002

p = 0.003

' Males vs. females: p < 0.01, " p < 0.05

male group the median TC concentration decreased

significantly during the training period (p<0.01), together

with a significant reduction in LDL-cholesterol (p<0.01).

Neither in the male nor female population HDL- cholesterol

changed significantly during the test period. The median

serum HDL-cholesterol concentration in the female group

remained significantly higher in comparison to the median

serum HDLC in the male group (p<0.05).

Correlation analysis of serum lipids and lipoproteins

Table III shows the coefficients of correlation (Spearman)

between the changes in body weight, BMI and percentage body
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fat and the changes in serum lipids and lipoproteins for

the total group. These findings did not show a significant

correlation between reductions in body weight and changes

in serum lipids or lipoproteins.

Multiple regression

In the multiple regression model, dependent variabeles were

the change in total cholesterol (A total cholesterol) and

the change in triglycerides (A triglycerides). Independent

variables for A total cholesterol were: age, sex, change in

body weight (A weight), change in body mass index (A body

mass index), A triglycerides and total cholesterol level

before the training programme (total cholesteroll)

(R*=0.62i, F=6.83, p<0.00l; N=32). Independent variabeles

for A triglycerides were: age, sex, change in body weight

(A weight) , change in body mass index (A body mass index)

and triglyceride level before the training programme

(triglyceridesl) (R*=0.437, F= 4.03, p<0.01; N=32). In the

stepwise multiple regression for A total cholesterol and

& triglycerides in the total group, the highest correlation

was found with the initial total cholesterol and

triglycerides levels: R*= 0.57 and 0.36, respectively;

Figure 2 shows the correlation between A total cholesterol

and total cholesterol levels. For A total cholesterol no

other variabeles were selected. Excluding the

triglycerides 1 level in the stepwise model, an independent

predictor of the variance in the A triglycerides was A

weight (R*=0.21).
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TABLE II Median (interquartile range) lipid and lipoprotein concentrations in sera of males (N « 20) and females (N = 14) prior to the training

programme and 5 days before the 15 km and 21 km race, respectively

gender before 15 km 21 km

p-value

before vs. 1 5 km before vs. 21 km

TG

(mmol/l)

TC

(mmol/l)

HDLC

(mmol/l)

LDLC

(mmol/l)

M

F

M'

F

M

F

NT

F

1.11

0.89

5.80

5.30

1.00

1.45

3.98

3.18

(0.91-1.51)

(0.65-1.14)"

(5.00-6.40)

(3.90-6.00)

(0.90-1.25)

(1.05-1.85)"

(3.32-4.81)

(2.49-3.92)"

0.93

0.87

5.20

5.00

1.00

1.40

3.59

3.05

(0.82-1.35)

(0.79-1.34)

(4.70-5.60)

(4.60-5.80)

(0.90-1.10)

(1.20-1.80)'

(3.14-4.15)

(2.57-3.39)"

0.92

0.73

5.10

4.90

1.00

1.40

3.48

3.28

(0.77-1.36)

(0.57-1.11)

(4.45-5.70)

(4.70-5.50)

(0.95-1.10)

(1.10-1.60)"

(3.13-4.13) J

(2.67-3.80)

p = 0.08

p = 0.14

p < 0.001

p = 0.38

p = 0.51

p = 0.97

p = 0.01

p = 0.15

p = 0.001

p = 0.28

p < 0.001

p = 0.16

p = 0.75

p = 0.18

p = 0.001

p = 0.22

- TG = triglycerides; TC = total cholesterol; HDLC = high density lipoprotein cholesterol; LDLC = low density lipoprotein cholesterol.

- ' Males vs. females: p < 0.01, " p < 0.05 . * *

- ' N = 19 .
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Figure 1
Median (interquartile range) serum TG, TC and HDLC in 20
men (o) and 14 women (a) before the trainingsprogramme, and
5 days before the 15 km and 21 km race respectively.
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TABLE

Correlation (Spearman) between changes (A) in serum lipids, lipoproteins and changes in

anthroprometic values after nine months of training (N = 34)

A weight

A BMI

A bodyfat*

A LDLC

0.08

0.08

0.43

A TC

0.04

0.04

0.40

A HDLC

0.12

0.15

0.35

A TG

0.41

0.40

0.00

TG = triglycerides; TC = total cholesterol; HDLC = high density lipoprotein cholesterol; LDLC

= low density lipoprotein cholesterol.

* 13 missing values
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Figure 2
Correlation between the initial cholesterol level (TC) and
the changes in total cholesterol (ATC) after nine months of
training in sera of 20 men (o) and 14 women (•).
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DISCUSSION

Elevated levels of triglycerides, total cholesterol and its

principal carrier LDL-cholesterol, constitute a major risk

factor for cardiovascular disease, while HDL-cholesterol

has an inverse relationship with coronary heart disease

(2,3,4). Many exogenous factors influence lipid and

lipoprotein concentrations, like diet, body composition,

alcohol consumption and medication (5,6,7,25). Prolonged

exercise may have favourable effects on plasma lipids and

lipoproteins and therefore constitute a non-pharmacological

approach to lipoprotein therapy (5,7,9,10). Cross-sectional

studies have shown that endurance athletes generally have

lower levels of triglycerides, total cholesterol and LDL-

cholesterol and higher levels of HDL-cholesterol

(11,12,13,26). However, crosssectional studies have

methodological limitations because of genetic differences

and differences in life-style of the participants and

definite conclusions cannot be drawn (11,13). In

longitudinal studies, the benefits of exercise on blood

lipid and lipoprotein levels are modest and often

contradictory (14-18). The changes in serum lipoprotein

levels seem to be dependent on the duration and intensity

of the training programme and whether or not weight is lost

concomitantly (14,17,26,27). In our study, although all

individuals maintained their usual diet, both men and women

lost body weight and body fat, mainly caused by an

increased energy expenditure due to the more active

lifestyle. Because the decrease in body weight and body

mass index was not significant in the female group, a

reduction in skinfold thickness pointed toward a

redistribution of body fat or replacement of fat tissue to

muscle tissue due to the training regimen (18). In general,

the present long-term exercise programme affected blood

lipids more in men than in women. In the female group, the

9 months aerobic endurance exercise programme induced only
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small and statistically non-significant changes in serum

lipid or lipoprotein levels. These findings are consistent

with results of other longitudinal studies that failed to

demonstrate improved lipid profiles among female exercisers

(18,28-31). However, the investigation of the independent

effect of exercise in women is complicated because of the

influence of reproductive hormones on serum lipids (18,2-

9,31). Furthermore, the number of women under investigation

in this study could have been too small to find marginal

changes statistical significant. In the male group, the

significant decrease of total cholesterol, also observed in

other longitudinal studies (14,26,32-34), was mainly

attributed to the decrease in LDL-cholesterol since HDL-

cholesterol remained essentially unchanged. Some studies

showed that the reduction in serum total cholesterol and

LDL-cholesterol is mainly caused by the exercise induced

weight loss (35) . However, in this study no significant

relation was found between the change in serum lipoprotein

concentrations and the change in either body weight, body

mass index or body fat, suggesting that exercise by itself

influenced serum cholesterol concentrations. In one study

in which four different diets were compared during an

exercise programme, it was concluded that physical activity

rather than diet is responsible for alterations in VLDL-LDL

cholesterol, but that the amount of cholesterol intake is

an important factor for an increase in HDL-cholesterol

(27) . During the training programme, the subjects in our

study maintained their dietary intake as unaltered as

possible, which could explain the fact that no change in

HDL-cholesterol was observed for the individuals in the

present study. In other studies a modest exercise induced

increase in HDL-cholesterol was observed, which was mainly

caused by an increase in HDL-cholesterol-2 (20,32,34,36).

The elevated HDL-cholesterol levels in the sera of the

female participants in comparison to HDL levels of the male

runners, is a well known finding, which is, apart from
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differences in steroid hormones, attributed to differences

in body fat distribution and waist-to-hip ratio between

both sexes (25,37). In the present study, median serum

triglyceride concentrations decreased significantly in the

male group together with a non-significant reduction in the

female group during the course of the nine months test

period. The reduction in serum triglycerides did not

correlate significantly with the reduction in body weight,

body mass index or percentage body fat after nine months.

Furthermore, multiple regression analysis revealed that the

fall in serum triglycerides was, like the fall in serum

total cholesterol, mostly dependent on intial serum levels

prior to the exercise programme. These findings support the

view that exercise by itself and not only weight loss

through exercise influences lipid and lipoprotein levels.

In conclusion, the results of the present study demonstrate

that a nine months training programme of moderate intensity

improves lipid and lipoprotein profiles in male runners

towards a reduced risk profile for cardiovascular disease,

but has only minimal influence on lipid and lipoprotein

levels in female runners.
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SUMMARY

Lipoprotein(a) is considered to be an independent risk

factor for cardiovascular disease. Because exercise has a

potentially beneficial effect on the development of

atherosclerosis, this study was designed to investigate the

effect of long-term physical exercise on lipoprotein(a)

levels. For this purpose 20 sedentary males and 14

sedentary females were trained 3 to 4 times a week with

increasing intensity during nine months. After 24 weeks all

subjects ran a 15 km race and after 36 weeks a half

marathon run (21 km). Blood samples were drawn before the

training programme, 5 days before both races and 5 days

after the half marathon run. Median (interquartile range)

pre-training values in the male group were 32 (11-63) mg/1

and in the female group 65 (23-199) mg/1. After 24 weeks of

training median (interquartile xaTige; serum iipoprotein(a)

concentrations were elevated significantly in the male

group (p<0.05) and in the female group (p<0.0l). Moreover,

after 3 6 weeks of training, in preparation for the half

marathon competition, median lipoprotein(a) levels had

risen almost two-fold in both groups (p<0.0l) and were

still elevated five days after the half marathon run. In

conclusion, the results of this study demonstrate that an

exercise programme which includes running of increasing

distances significantly increases serum lipoprotein(a)

levels.

52



Chapter 4

INTRODUCTION

Lipoprotein (a), first described by Berg in 1963, is a

complex macromolecule assembled from two different

components(l). Lipoprotein(a) comprises a low density

lipoprotein moiety, containing an apolipoprotein B subunit

(apo B-100) and a unique apolipoprotein apo(a) attached to

apoB-100 by a disulphide bridge (1-4) . A schematic

structure of lipoprotein(a) is presented in Figure l. The

apo(a) structure resembles plasminogen, the zymogen of

plasmin, a proteolytic enzyme of the fibrinolytic system

(3-5). Plasminogen consists of a trypsine-like protease

domain and five pretzel or ring-like structures, called

kringles. Lipoprotein(a) lacks kringle l to 3, but contains

a kringle-4 region, which is repeated anywhere between 13

and 37 times, one copy of the kringle-5 domain and a serine

protease domain, which is more that 90% homologous to that

of plasminogen (3). However, the lipoprotein(a) protease is

inactive as a result of an aminoacid substitution in the

active site (3). Because of the similarity with

plasminogen, lipoprotein(a) is supposed to compete for some

physiological functions, like binding to fibrin(ogen) and

tissue-plasminogen activator (4-8) . The number of kringle 4

repeats in apo(a) is highly variable and genetically

determined, generating broad inter-individual molecular

weight differences (9-12). The size of apo(a) isoproteins

is inversely correlated to the serum lipoprotein(a)

concentration. Epidemiological studies have demonstrated

that the risk of coronary heart disease is associated with

high serum lipoprotein(a) concentrations, independent of

other lipoprotein parameters (3,5,13-18). Physical exercise

has a potentially lipid and lipoprotein lowering effect and

therefore may protect against ischemic heart disease

(19,20). Although the intra-individual concentration of

lipoprotein(a) is claimed to be very stable throughout life

with only a minimal influence of life-style factors, only

, ' - it'
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few -cross-sectional- data exist on the influence of

exercise on Lp(a) levels (3,11,21,22). Our study was

designed to investigate prospectively the long-term overall

effect of physical exercise on Lp(a) levels in sera of

previously sedentary males and females.

apoB100

N

13-37 copies
of kringle 4

1 copy of
kringle 5

plasminogen-like
proteinase

domain

apo (a)

Figure 1
Schematic representation of lipoprotein(a) structure.
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MATERIAL AND METHODS

Subjects

Forty-seven participants were selected from 370 people who

replied to advertisements in two local newspapers and on a

local radio station. Those who participated in any sports

such as running or jogging or who were active for more than

l hour per week in other recreational sports were excluded.

After two information sessions all subjects gave their

written informed consent. Thirty-four of the 47

participants fulfilled the study, 20 males aged from 32-49

years (median:39) and 14 females aged from 27-41 years

(median:35). Some of the reasons for drop-out were mental

stress (n=2), injuries (n=4), moving away due to change in

working place (n=2) and relational problems (n=2). All

individuals kept their diet and other living habits like

the use of alcohol as constant as possible during the

study. Among the participants were three female and six

male cigarette smokers (maximum 10 cigarettes a day), who

continued to smoke during the test period. *\

The median (interquartile range) body weight shifted in the

male population from 74.6 (69-79.8) kg at start to 72.2

(64.8-77.7) kg (p<0.0l) at the end of the training

programme. In the female population from 63.0 (57.0-65.8)

kg to 60.7 (55.0-63.4) kg (n.s.). The median (interquartile

range) body mass index shifted in the male group from 23.1

(21.6-25.5) kg/m* to 22.0 (21.1-24.4) kg/m' (p<0.01) and in

the female group from 21.6 (21.3-22.6) kg/m* to 21.5 (21.3-

22.3) kg/m* (n.s.) .

Aerobic power on a bicycle ergometer was used to measure

the effect of the increase in cardiovascular fitness during

the training programme. The median aerobic power increased

in males from 226 Watt at the start to 252 Watt at the end

of the programme (p<0.01). In females from 160 Watt to 189

W a t t ( p < 0 . 0 5 ) . ;;> . * ? , > v y - f - • - ^ ••••• •
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Training programme

After a medical examination and pre-exercise control

measurements all volunteers participated in a 9 month

endurance training programme preparing for a half marathon

run (21 km). The schedule was essentially the same as

previously described by Janssen et al (23). The training

period lasted 9 months. After 24 and 36 weeks of training

all subjects ran a 15 km and 21 km race, respectively.

During the general preparation period the volunteers

trained 3-4 times a week; 6 weeks before each contest the

number of the training sessions was enhanced to 5-6 times a

week. Beside the attention paid to style and technique of

running, stretching, speed, intervals, warming-up and

cooling-down, the training included three elements: long-

distance running, running at high speed and interval

training.

B l o o d s a m p l e s / ••-••.•-.• • •"•;-

Blood samples were drawn between 8.00 and 9.00 am. All

subjects were seated before phlebotomy and had not eaten or

exercised during the preceding ten hours. Samples were

taken before the start of the training programme and, in

order to avoid acute effects, five days before both races

as well as five days after the half marathon run. within

one hour from sample collection serum was separated from

blood, snap-frozen in aliquots, stored at -70°C in plastic

tubes and thawed at 37°C immediately prior to serial

a n a l y s i s . •<- • • ' ;„• - *T-;,--*S.*J••-.. • ,-•-•* •.•.• •• - ;

Methods

Lipoprotein(a) was measured using a commercially available

enzyme-linked immunosorbent assay (ELISA) kit (TintElize

lipoprotein(a) kit, Biopool AB, Umea, Sweden) (24). This

assay includes ready to use micro-test plates containing

affinity purified sheep anti-apo(a) Ig and sheep anti-

apo(a) peroxidase conjugated Ig. The intra-assay
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coefficient of variation was 3.1% at a concentration of 150

mg/1 Lp(a) and 4,8% at a concentration of 65 mg/1 Lp(a).

Statistics

All statistics were calculated with SPSS/PC+ Statistics 4.0

statistical data analysis (SPSS Inc., Chicago USA).

Wilcoxon signed rank test was used to compare differences

in pre-, during and post-exercise samples. The Mann-Whitney

Wilcoxon test was used to compare the male and female

population. All data are given as medians and interquartile

ranges (i.e. the 25"" to 75"" percentile ranges).

RESULTS

All individual lipoprotein(a) values are shown in Table I.

Median (interquartile range) serum lipoprotein(a) in the

male and female group after log transformation is shown in

Figure 2. Median (interquartile range) pre-training values

in the male group were 32 (11-63) mg/1 and in the female

group 65 (25-199) mg/1. After 24 weeks of training serum

lipoprotein(a) concentrations in both groups were

significantly increased; in the male group median

(interquartile range) lipoprotein(a) level was 37 (15-63)

mg/1 (p<0.05) and in the female group 67 (22-357) mg/1

(p<0.01). After 36 weeks, five days before the half

marathon competition median (interquartile range)

lipoprotein(a) levels were in the male group 69 (39-132)

mg/1 and in the female group 108 (56-450) mg/1. These

increases were significant in comparison to pre-training

values (p<0.0l) as well as to lipoprotein(a) concentrations

after 24 weeks of training (p<0.0l). These increases were

still significant (p<0.01) in both male and female group

after log transformation of the data. Five days after the

half marathon run, median (interquartile range) serum

lipoprotein(a) levels were in the male group 58 (35-143)

mg/1 and in the female group 170 (57-397) mg/1.
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TABLE l: lipoprotein (a) levels in men (n=20) and women
(n=l4) before (1) , during (2,3), and after (4) the
trainingprogramme.

lipoprotein(a)

women 1
2
3
4
5
6
7
8
9

10
11
12
13
14

»W» 1
' 2
• • > • • • • 3

4
5
6

. ., 7
8

- 9
-. . . 10

11
.•y.::sk:' 12

13
14
15
16
17
18
19
20

1

26
46

218
37
15
10

193
84
40
24

104
310
388
133
14
78
32
10
5

11
38
1

64
102
11
21
nr
40

386
61
42
130
32
1

concentrations (mq/1)

2

43
39

357
67
15
10

381
129
24
22

191
412
432
195
15
80
12
10
10
18
37
23
nr

122
16
45
45
58

407
67
50

400
58
5

3

86
56

599
108
61
7

450
125
56
61

270
778
750
32T
63

137
45
1

24
40
63
30

116
249
35
59

130
76

659
202
107
519
71
6

4

81
106
570
126
37
61

339
213
nr
44

256
682
787
323
43

151
52
6

37
21
51
32

118
195
29
58

123
82

673
180
134
528
118
30

nr = no result
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01o

8-

6-

4-

2-

Figure 2
Median (interquartile range) log lipoprotein(a) levels in
serum of males (o) and females (•) before the training
programme (l) , 5 days before the 15 km race (2) and 5 days
before (3) and after (4) the half marathon run. Median
(interquartile range) log lipoprotein(a) values in the male
group were respectively (1) 3.5 (2.5-4.1), (2) 3.7 (2.7-
4.1), (3) 4.3 (3.8-4.9), (4) 4.2 (3.6-4.9) and in the
female group (l) 4.1 (3.2-5.3), (2) 4.2 (3.1-5.9), (3) 4.7
(4.0-6.1), (4) 5.1 (4.0-6.0).

DISCUSSION

Physical exercise, performed at proper intensity, duration

and frequence has been reported to provoke a beneficial

effect on trained and untrained individuals towards a

reduced risk for cardiovascular disease. Several

epidemiological studies revealed a positive correlation

between physical fitness and a reduced risk for

cardiovascular disease (19,25). This potentially positive

effect is - at least partially - mediated through the

influence of endurance training on serum lipids and
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lipoproteins (26,27). For the present study it is of

interest that increased levels of lipoprotein(a), a LDL-

like protein containing an apo(a) subunit are strongly

related to atherosclerotic lesions (3,8,15,17). Only few

data exist correlating exercise with lipoprotein(a) , in

contrast to multiple studies on the influence of exercise

on plasma lipids and lipoproteins, (21,22). Lipoprotein (a)

levels are largely genetically determined and the broad

inter-individual variation in lipoprotein(a) levels is

mainly caused by apo(a) size polymorphism (9,12).

Furthermore, lipoprotein(a) levels in the Caucasian

population differ to some extent between studies due to

varying analytical procedures and lack of common standards

(28,29). Whether anthropometric and life-style factors can

influence lipoprotein(a) levels is not clear (3,11,18) . In

the present study, investigating the influence of exercise

on lipoprotein(a) levels, in both the male and female group

serum lipoprotein(a) levels were increased almost two-fold

after 36 weeks of training, five days before the half

marathon run in comparison to pre-training levels and to

serum levels after 24 weeks of training. This finding is in

contrast with other studies showing an exercise induced

decrease in lipoprotein(a) levels or no change (21,22).

However, in our study the training schedule was

substantially more intensified in preparation for the 21 km

race. This probably caused chronic physical stress, leading

to increased levels of acute phase reactants, like

fibrinogen, as we reported previously (30). Several studies

have shown a strong correlation between fibrinogen and

lipoprotein(a) concentrations, although a reason for this

association is not known (2,31). One can speculate whether

lipoprotein(a) has the characteristics of an acute phase

reactant, and concentrates at places of tissue damage and

woundhealing, in order to stabilize the fibrin network and

to support membrane synthesis during cell renewal

(5,32,33). Serum lipoprotein(a) concentrations are
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increased in several disease states like myocardial

infarction, unstable angina and impaired glucose tolerance,

although the rise in lipoprotein(a) is mostly much weaker

than that of classical acute phase proteins (1G,17,34,35).

In summary, the results of the present study indicate that

a long-term physical exercise programme of increasing

intensity can significantly enhance lipoprotein(a) levels.
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Exercise and blood coagulation

SUMMARY

To study the long-term overall effect of physical exercise

on blood coagulation, 20 sedentary males and 14 sedentary

females were trained 3 to 4 times a week with increasing

intensity during 9 months. After 24 and 36 weeks all

subjects ran a 15 km and a half marathon (21 km) race,

respectively. Blood samples were drawn before the training

programme, five days before both races and five days after

the half marathon run. Plasma factor VIII coagulant

activity and von Willebrand factor antigen concentration

did not increase during the training programme. In both

males and females plasma fibrinogen concentration was not

enhanced after 24 weeks of training, but increased

preparing for the 21 km race and was still raised signifi-

cantly (p<0.01) five days later. In both groups no

significant changes in plasma thrombin-antithrombin III

concentrations were observed during the training programme.

The results of this study demonstrate that an exercise

programme of increasing intensity induces physical stress

which has significant effects on plasma fibrinogen

concentration, even at rest. But, in contrast to acute post

exercise effects, a regular physical fitness programme does

not induce a long-term activation of the haemostatic

system.
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INTRODUCTION

In response to the growing evidence that regular physical

activity produces significant benefits, both physically and

mentally, more and more people in all age groups start to

work out on a regular basis. Although there is a general

consensus that exercise prevents cardiovascular disease

(1,2), many studies have shown that exercise acutely

disturbs the haemostatic system causing an increase in the

coagulability of the blood (3-13). Especially increases in

factor VIII coagulant activity (factor VIII:c) and von

willebrand factor concentration due to acute bouts of

exercise are well described (4-11; Figure l) . However the

magnitude of the changes in blood coagulation varies

considerably in the reported literature (5-16) . This may be

due to a lack of uniformity, quantitation of the intensity

and the duration and type of exercise utilized. It is

important to distinguish between physiological events that

occur with acute bouts of exercise and those changes, which

accompany physical conditioning. While most reports

describe acute post-exercise effects, little is known of

the adaptive response on blood coagulation by the body due

to chronic prolonged exercise. This study was designed to

investigate the long-term overall effect of physical

exercise on blood coagulation. , ; -.-:•••••. -• .. • ;•

MATERIAL AND METHODS

Subjects ':•.. " - " ' V

Forty-seven participants were selected from 370 people who

replied to advertisements in two local newspapers and on a

local radio station. Those who participated in any sports

such as running or jogging or who were active for more than

l hour per week in other recreational sports were excluded.

After two information sessions all subjects gave their

written informed consent. Thirty-four of the 47
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Tissue factor

•Vila 4 VII

XIII

Rbrlnogen Fibrin
Polymer

Figure 1 -.-.••••• ? > - " * • • • • ' •••. ' ^ • ' - •* • . - -

The blood coagulation cascade.
HMWK = High Molecular Weight Kininogen; VWF = Von
Willebrand Factor; PL = platelets; TATIII = thrombin-
antithrombin III.

participants fulfilled the study, 20 males aged from 32-49

years (median: 39) and 14 females aged from 27-41 years

(median:35). Some of the reasons for drop-out were mental

stress (n=2), injuries (n=4), moving away due to change in

working place (n=2) and relational problems (n=2). Among

the participants were three female and six male cigarette

smokers (maximum 10 cigarettes a day), who continued to

smoke during the test period. The median body weight

shifted in males from 74.6 kg at start to 72.2 kg (p<0.0i)

68



Chapter 5

after the half marathon. In females from 63.0 kg to 60.7 kg

(n.s.). As measurable effect of the increase in

cardiovascular fitness in the course of the training

programme, the aerobic power on a bicycle ergometer was

used. The median aerobic power increased in males from 226

Watt at the start to 252 Watt at the end of the programme

(p<0.01). in females from 160 Watt to 189 Watt (p<0.05).

Training programme '̂  r;̂ v,i"j CHE *

After a medical examination and pre-exercise control

measurements, all volunteers participated in a 9 month

endurance training programme, preparing for a half marathon

run (21 km). The schedule was essentially the same as

previously described by Janssen et al (17). The training

period lasted 9 months. After 24 and 36 weeks of training

all subjects ran a 15 km and 21 km race, respectively.

During the general preparation period, the volunteers

trained 3-4 times a week; 6 weeks before each contest the

training programme was intensified to 5-6 times a week.

Beside the attention paid to style and technique of

running, stretching, speed, intervals, warming-up and

cooling-down, the training included three elements: long-

distance running, running at high speed and interval

training. The elements followed each other naturally as far

as the intensity is concerned. The intensity percentage of

maximal heart rate was for long-distance runs 70-80%, for

running at a fixed pace 80-95% (over 200-2000 m depending

on the training status) and for intervals over shorter

distances (200-400 m) 95-100%. By putting these three

elements together (in relation of 70:20:10% of the

distances per week) a gradual undulating increase of the

amount of training can be accomplished, by training to a

maximum of 60 min per training session in the first part of

the study, and to a maximum of 100 min per training session

i n t h e s e c o n d p a r t . ,;,.'••:'.••.
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Blood samples

Blood samples were drawn between 8.00 and 9.00 am, before

the start of the training programme, five days before both

races as well as five days after the half marathon run.

Non-traumatic venipuncture was performed and nine volumes

of freshly drawn blood were mixed with one volume trisodium

citrate (0.11 mol/1). After centrifugation for 30 min (3000

g) at 4°C, the plasma was stored in aliquots at -70°C in

plastic tubes and thawed at 37°C immediately prior to

serial analysis.

Methods

Fibrinogen was determined by the clotting assay of Clauss.

Reference values, determined in plasma from 50 healthy

volunteers ranged from 2.0 to 4.0 g/1. The fibrinogen

analysis showed an intra-assay coefficient of variation of

3.2% and an inter-assay coefficient of variation of 4.1%.

The von willebrand factor concentration was quantitated

with an Elisa test kit of Boehringer Mannheim Corp.

(Mannheim, Germany). For the factor VIII:c determination an

activated partial thromboplastin time (APTT) one stage

clotting assay was performed, using a factor deficient

plasma from Behring (Marburg, G) . The coefficients of

variation, obtained for von Willebrand factor, were 3.4%

for the intra-assay variation and 6.7% for the inter-assay

variation, for the factor Vlll:c determinations,

coefficients of variation of 3.7% and 6.1% were found.

Thrombin-antithrombin III was determined with an ELISA kit

of Behring cooperation (Marburg, FRG) . Reference values,

determined in plasma of 50 healthy volunteers were 1.0 -

4.1 /ig/1. For thrombin-antithrombin III the intra-assay and

inter-assay coefficients of variation were 5.1% and 7.4%,

respectively. .-:; : r v -•••• ••O;-.i.>;, '•.
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Statistics

All statistics were calculated with SPSS/PC+ Statistics 4.0

statistical data analysis (SPSS Inc., Chicago USA).

Wilcoxon signed rank test was used to compare differences

in pre-, during and post-exercise plasma samples. The Mann-

Whitney wilcoxon test was used to compare the male and

female population. All data are given as medians and

interquartile ranges.

RESULTS - i

Median (interquartile range) plasma factor VIII:c, von

willebrand factor, fibrinogen and thrombin-antithrombin III

concentrations, are summarised in Figures 2-5. Median

factor VIII:c concentrations in the male and female

population did not change significantly during the training

programme, nor did the median values of the von willebrand

factor concentration.

In both the male and female population, fibrinogen

concentrations remained within the reference range during

the training programme. But in the male population,,

fibrinogen concentrations were significantly increased

(p<0.0l) 5 days before the half marathon competition and

were still elevated significantly (p<0.0i) 5 days

afterwards, in comparison with pre-training levels. In the

female group, fibrinogen concentrations 5 days after the

half marathon run were significantly raised (p<0.0l)

compared with pre-training levels.

Median pre-training thrombin-antithrombin III

concentrations were within the reference range for both

groups, although in 6 males and l female, thrombin-

antithrombin III levels were increased before the training

programme. Neither in the male nor in the female

population, median plasma thrombin-antithrombin III levels

changed significantly during the test period.
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Figure 2
Median (interquartile range) factor VIII:c activity (%) in
plasma of 20 males (o) and 14 females (a) before the
training programme (l) , 5 days before the 15 km race (2)
and 5 days before (3) and after (4) the half marathon run.
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Figure 3
Median (interquartile range) von willebrand factor antigen
concentration (%) in plasma of 20 males (o) and 14 females
(D) before the training programme (1), 5 days before the 15
km race (2) , and 5 days before (3) and after (4) the half
marathon run.
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Figure 4
Median (interquartile range) fibrinogen concentration (g/1)
in plasma of 2 0 males (o) and 14 females (D) , before the
training programme (1) , 5 days before the 15 km race (2)
and 5 days before (3) and after (4) the half marathon run.
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Median (interquartile range) thrombin-antithrombin III (TAT
III) concentration (/KJ/1) in plasma of 20 males (o) and 14
females (a), before the training programme (l) , 5 days
before the 15 km race (2) and 5 days before (3) and after
(4) the half marathon run.
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DISCUSSION

Physical exercise, performed at proper intensity, duration

and frequency, will induce significant improvements in

physical working capacity of sedentary individuals at all

ages. A single bout of physical effort or repeated

exercise, may change the hemodynamics of blood and

influence the haemostatic system. Most of the data

concerning the effects of exercise on blood coagulation,

are limited to acute post-exercise studies, based on one

maximal or submaximal workload. A universal finding is a

significant enhancement acutely after exercise of factor

VIII:c activity and of plasma von Willebrand factor

concentration (4-10). These rises are most likely due to an

increased release of these substances (6,7). Some authors

report a disproportional increase in factor VIII:c over von

Willebrand factor, as a result of in vivo activation by

thrombin, which may represent a hypercoagulable state

(5,11), while others do not observe such a modification of

factor VIII clotting activity by thrombin (12). The

observed increases in factor Vlll:c are reported to be at

peak value, 5-10 min after exercise and coincide with peak

blood lactate concentrations (9) . After 20 min to 60 min

post-exercise, factor Vlll:c concentrations are still

increased (13,14) and sometimes 24 hours later an increase

in both factor VIII :c and von Willebrand factor can still

be observed (15) , although a return to baseline levels 30

min after exercise has also been reported (16) . In our

study, prolonged endurance exercise did not induce a long

lasting increase in plasma factor VIII:c or von Willebrand

factor. This result is in concordance with the finding that

factor VIII:c and von willebrand factor concentrations, in

plasma of endurance trained athletes at rest, do not differ

from controls (12). The fibrinogen concentration between

the male and female population before and after the start

of the exercise programme did not differ significantly. The
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fibrinogen content in the training period remained in the

reference range and the values were comparable with those

observed in runners at rest and in control groups (12) .

But, after 9 months of training, a significant rise in

plasma fibrinogen concentration was observed in comparison

with control levels and with those after 24 weeks of

training in both groups. Increases in fibrinogen

concentration have been observed acutely after exercise and

24 hours later (7,15,16) as well as in reaction to mental

stress and adrenaline infusion (7) . Fibrinogen as an acute

phase reactant, responds to acute and chronic stress (7)

and is increased in different disease states, like diabetes

type II (18) and coronary artery disease (19,20). The

fibrinogen increase at the end of the training programme,

can be explained by the fact that the exercise schedule was

substantially intensified, in preparation for the half

marathon run. This most likely caused a chronic stress on

the body, which was responsible for the elevated fibrinogen

concentration. Other investigators found a decrease or no

change in fibrinogen concentrations during an exercise

programme, and these results are comparable with ours after,

13 weeks of training (12,21). Median pre-training plasma

thrombin-antithrombin III levels did not differ

significantly between the male and female population and

were comparable with those found by others (22,23),

although some male individuals had unexplainable high

thrombin-antithrombin III levels. Thrombin-antithrombin III

is a sensitive and reliable indicator for the measurement

of thrombin activity, without day time intra-individual

fluctuation (24) . Increased levels of thrombin-antithrombin

III have already been identified in various thrombo-embolic

states, such as deep vein thrombosis, diffuse intravascular

coagulation, coronary artery disease, as well as during

pregnancy (22,25-27). Thrombin-antithrombin III was also

found to be increased after acute physical exercise,

reflecting enhanced thrombin generation and thus a

75



Exercise and blood coagulation

hypercoagulable post-exercise state (23,28). In our study

no increases in thrombin-antithrombin III concentrations

were observed at the end of the training programme.

Moreover, in the male population individually raised

thrombin-antithrombin III levels before the training

programme were returned to the reference range five days

after the 21 km race, implicating a long term beneficial

effect of physical exercise (29).

In summary, our study demonstrates that a physical fitness

programme of increasing intensity, which induces physical

and possibly mental stress, has significant effects on

plasma fibrinogen concentration, even at rest. But, in

contrast to acute post-exercise effects, this regular

fitness programme did not induce an activation of the

haemostatic system. '--.;•;•*<;;•:•. ;-uvs

76



Chapter 5

REFERENCES

1. Alexander S. Physiologic and biochemical effects of
exercise. Clin Biochem 1984; 17: 126-31.

2. Fletcher G. Long-term exercise in coronary artery
disease and other chronic states. Heart Lung 1984; 13:
28-46.

3. Rudmann SV. The effects of exercise on haemostasis: a
review of the literature and implications for research.
J Med Technol 1987; 4: 215-7

4. Rizza CR. Effect of exercise on the level of
antihaemophilic globulin in human blood. J Physiol
1961; 156: 128-35.

5. Stibbe J. Effect of exercise on FVIII-complex:
proportional increase of ristocetin cofactor (von
Willebrand Factor) and FVIII-AGN, but disproportional
increase of FVIII-AHF. Thromb Res 1977; 10: 163-8.

6. Andrew M, Carter C, O'Brodovich H, Heigenhauser G.
Increases in factor VIII complex and fibrinolytic
activity are dependent on exercise intensity. J Appl
Physiol 1986; 60: 1917-22.

7. Jern C, Eriksson E, Tengborn L, Risberg B, wadenwik H,
Jem S. Changes of plasma coagulation and fibrinolysis
in response to mental stress. Thromb Haemost 1989; 62:
767-71.

8. Bourney RE, and Santoro SA. Interactions of exercise,
coagulation, platelets, and fibrinolysis - a brief
review. Med Sci Sports Exerc 1988; 20: 439-45.

9. wheeler ME, Davis GL, Gillespie WJ, Bern MM.
Physiological changes in haemostasis associated with
acute exercise. J Appl Physiol 1986; 60 : 986-90.

10. Small M, Tweddel, Rankin AC. Blood coagulation and
platelet function following maximal exercise: Effects
of beta-adrenocepter blockade. Haemostasis 1984; 14:
262-8.

11. Kopitsky RG, Switzer, Williams RS, McKee PA. The basis
for the increase in factor VIII procoagulant activity
during exercise. Thromb Haemostas 1983; 49: 534-7.

12. Watts EJ. Haemostatic changes in long-distance runners
and their relevance to the prevention of ischaemic
heart disease. Blood Coag Fibrinol 1991; 2 : 221-5.

13. Sinzinger H, Virgolini I. Effects of exercise on
parameters of blood coagulation, platelet function and
the prostaglandin system. Sports Med 1988; 6: 238-45.

14. Rocker L, Drygas WK, Heyduck B. Blood platelet
activation and increase in thrombin activity following
a marathon race. Eur J Appl Physiol 1986; 55: 374-80.

15. Arai M, Yorifuji H, Ikematsu S, Nagasawa H, Fujimaji M,
Fukutake K, Katsumura T, Ishii T, Iwane H. Influences
of strenuous exercise (triathlon) on blood coagulation
and fibrinolytic system. Thromb Res 1990; 57: 465-71.

16. Taniguchi N, Hirohiko, Yamauchik. Effects of treadmill
exercise on platelet functions and blood coagulating

'••' 77



Exercise and blood coagulation

activities in healthy men. Jpn Heart J 1984; 25: 167-
80.

17. Janssen GME. Marathon running: functional changes in
male and female subjects during training and contests.
Int J Sports Med 1989; 10 suppl3: 117-90.

18. Schneider SH, Kim HC, Kachaduzian AK, Ruderman NB.
Impaired fibrinolytic response to exercise in type II
diabetes: effects of exercise and physical training.
Metabolism 1988; 37: 924-9.

19. Rosengren A, Wilhelmsen L, Welin L, TsipogianniA,
Teger-Nilsson A, Wedel H. Social influences and
cardiovascular risk factors as determinants of plasma
fibrinogen concentration in a general population
sample of middle aged men. Br Med J 1990; 300: 634-8.

20. Meade TW, Imeson J, Stirling Y. Effects of changes in
smoking and other characteristics on clotting factors
and the risk of ischaemic heart disease. Lancet 1987;
ii: 986-8.

21. Stratton JR, Chandler WL, Scwartz RS, Cerqueira MD,
Levey WC, Kahn SE, Larson VG, Cain KC, Beard JC, Abrass
IB. Effects of physical conditioning on fibrinolytic
variables and fibrinogen in young and old healthy
adults. Phys Cond Fibrinol 1990; 83: 1692-7.

22. Ono N, Koyama T, Suerhiro A, Oku K, Fujikake K, Kakisha
E. Clinical significance of new coagulation and
fibrinolytic markers in ischemic stroke patients.
Stroke 1991: 1369-73.

23. Bartsch P, Haeberli A, Straub PW. Blood coagulation
after long distance running: antithrombin III prevents
fibrin formation. Thromb Haemost 1990; 63: 430-4.

24. Deguchi K, Noguchi M, Yuwasaki E, Endou T, Deguchi A,
Wada H, Murashima S, Nishikawa M, Shirakawa S, Tanaka
K, Kusagawa M. Dynamic fluctuations in blood of
thrombin/antithrombin III complex (TAT). Am J Hematol
1991; 38: 86-9.

25. Hoek JA, Sturk A, ten Cate JW, Lamping RJ, Berends F,
f Borm JJ. Laboratory and clinical evaluation of an

assay of thrombin-antithrombin III complexes in plasma.
Clin Chem 1988; 34: 2058-62.

26. Uno M, Hajime T, Masahiko W, Takada O, Kobayashi K,
Takabuchi H, Shirai K, Sawada S, Toyoda T, Yamamoto K,
Katoh K, Nakagawa M. Application of thrombin-
antithrombin III complex for detecting a latent
hypercoagulable state in patients with coronary
artery disease. Jpn Circ J 1989; 53: 1185-91.

27. Van wersch JWJ, Ubachs JMH. Blood coagulation and
fibrinolysis during normal pregnancy. Eur J Clin Chem
Clin Biochem 1991; 29: 45-50.

28. Dufaux B, Order U, Liesen H. Effects of a short
maximal physical exercise on coagulation,
fibrinolysis, and complement system. Int J Sports Med
1991; 12: 38-42.

29. Gris JP, Schved JF, Feugas O, Aguilar-Martinez P

78



Chapter 5

Arnaud A, Sanchez N, Sarlat C. Impact of smoking,
physical training and weight reduction on FVII, PAI-1
and haemostatic markers in sedentary men. Thromb
Haemost 1990; 64: 516-20.



Exercise and blood coagulation

80



Chapter 6

CHAPTER 6

EFFECT OF LONG-TERM ENDURANCE EXERCISE ON

FIBRINOLYTIC MARKERS

G.A.E. Ponjee, G.M.E. Janssen, and J.W.J. van Wersch

Also published in:

Fibrinolysis 1993; 7: 397-400.

(.Reproduced witii permission,)



Exercise and fibrinolysis

SUMMARY

To study the long-term overall effect of habitual physical

exercise on fibrinolysis, 2 0 sedentary males and 14

sedentary females were trained 3 to 4 times a week with

increasing intensity during 9 months. After 24 and 36 weeks

all subjects ran a 15 km and half marathon (21 km) race,

respectively. Blood samples were drawn before the training

programme, five days before both races and five days after

the half marathon run. After the training period, plasma

tissue-plasminogen activator antigen concentration was

slightly decreased in both the male and female population.

Plasma plasminogen activator inhibitor activity decreased

significantly (p<0.01) in both groups during the course of

the training programme. No effect of increased fibrinolytic

activity was observed, since plasma D-dimer concentrations

were not changed after the test period.

In summary, the results of this study demonstrate that

long-term physical conditioning leads to a marked decrease

in plasminogen activator inhibitor activity, without an

actual increase of fibrinolytic end products.

82



Chapter 6

INTRODUCTION

Since the first observations on fibrinolysis and exercise

by Biggs in 1947 (1) , numerous investigators confirmed that

exercise will increase the fibrinolytic activity acutely in

plasma of healthy individuals (2-10) . The presumed

antithrombotic effect of exercise has been a topic for

clinical trials, correlating exercise with a reduced risk

for cardiovascular disease (11-13) . As a consequence, today

an increasing number of people start to do sports

regularly, in order to improve their physical fitness and

to reduce their risk factor profile. Acute maximal and

prolonged exercise activates the fibrinolytic potential by

releasing tissue-plasminogen activator (t-PA) from the

endothelial cells of blood vessels (9,10,13-17; Figure 1) .

Most studies are concerned with short-term changes after

one workload in trained and untrained subjects

(3,4,8,9,13,17). Little attention has been paid to the

adaptive fibrinolytic response of the body, following

chronic prolonged physical activity and excluding acute

post-exercise effects (14,18). The purpose of the present-

study was therefore, to investigate longitudinally the

long-term overall effect of physical exercise on

fibrinolytic markers, such as tissue-plasminogen activator,

plasminogen activator inhibitor and D-dimer.

MATERIAL AND METHODS

Subjects

Twenty males aged from 32 to 49 years (median: 39) and 14

females aged from 27-41 years (median: 35) were selected

from 370 people who replied to advertisements in two local

newspapers and on a local radio station. Those who

participated in any sports such as running or jogging or

who were active for more than one hour per week in other

recreational sports were excluded. After two information
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Figure 1 „ ^ .
Scheme of fibrinolysis.
The dotted lines indicate inhibition.
HMWK = High Molecular Weight Kininogen; t-PA = tissue-
Plasminogen Activator; UK = Urokinase; SK = Streptokinase;
PAI = Plasminogen Activator Inhibitor; o?2- AP = a2-
antiplasmin; FDP = Fibrin Degradation Products.

sessions all subjects gave their written informed consent.

The median (interquartile range) body weight shifted in the

male population from 74.6 (69.1-79.8) kg at start to 72.2

(64.9-77.7) kg (p<0.01) at the end of the training

programme. In the female population from 63.0 (57.0-65.8)

kg to 60.7 (55.0-63.4) kg (n.s.).

The median (interquartile range) body mass index shifted in

the male group from 23.1 (21.6 - 25.5) kg/m* to 22.0 (21.1 -

24.4) kg/m* (p<0.0l) and in the female group from 21.6 (21.3

- 22.6) kg/m* to 21.5 (21.3 - 22.3) kg/m* (n.s.). ,,,,,,,.

The median (interquartile range) serum triglyceride level

in the male group was reduced from 1.11 (0.91 - 1.51)

mmol/1 before the training programme to 0.92 (0.77 - 1.36)

mmol/1 (p < 0.01) after the half marathon run. In females

the median (interquartile range) value decreased from 0.89

(0.65 - 1.14) mmol/1 to 0.73 (0.57 - l.ll) mmol/1 (n.s.).
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Training programme

After a medical examination and pre-exercise control

measurements, all volunteers participated in a 9 month

endurance training programme, preparing for a half marathon

run (21 km) . The schedule was essentially the same as

previously described by Janssen et al (19) . The training

schedule consisted of 3 times a week supervised distance

running on schedule and one supervised interval training

with emphasis on the running technique. After 24 and 36

weeks all subjects ran a 14 and 21 km race, respectively.

Blood samples

All blood samples were drawn between 8.00 and 9.00 am, to

avoid diurnal variation in fibrinolytic variables (20).

Samples were taken before the start of the training

programme, five days before both races as well as five days

after the half marathon run. Non-traumatic venipuncture was

performed and nine volumes of freshly drawn blood were

mixed with one volume trisodium citrate (0.11 mol/1). After

centrifugation for 30 min (3000 g) at 4°C, the plasma was

snap-frozen in aliquots, stored at -70°C in plastic tubes

and thawed at 37°C immediately prior to serial analysis.

Methods

Tissue-plasminogen activator antigen (t-PA) concentrations

(̂ g/1) and D-dimer concentrations (̂ g/1) were determined in

plasma by an ELISA method, according to the instructions of

the manufacturer (Kabi Vitrum Diagnostica, Molndal, Sweden

and Boehringer Mannheim Corp., Mannheim, Germany,

respectively). Intra-assay coefficient of variation was

less than 5% for both assays. Plasminogen activator

inhibitor (PAI) activity was analyzed with a commercial

test kit from Kabi vitrum Diagnostica (Mdlndal, Sweden),

using excess single chain t-PA and S-2251 as chromogenic

substrate for plasmin. PAI activity is expressed in

arbitrary units times 10* per 1 (AU.10VD; 1 AU equals the
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amount of PAI that neutralizes l IU of t-PA under

conditions instructed. Intra-assay coefficient of variation

was less than 10%. Reference ranges, determined in plasma

of 50 healthy volunteers (males and females) , were for t-

PA: 0.9 - 12.1 ^g/1 and for PAI: 10.7 - 32.7 AU.10V1- The

D-dimer reference values ranged from 37 to 373 /xg/1 for

males and from 38 to 438 /xg/1 for females.

T.: c.

Statistics

All statistics were calculated with SPSS/PC+ Statistics 4.0

statistical data analysis (SPSS Inc., Chicago, USA),

wilcoxon signed rank test was used to compare differences

in pre-, during and post-exercise plasma samples. The Mann-

Whitney Wilcoxon test was used to compare the male and

female population. All data are given as medians and

interquartile ranges.

RESULTS •'- -_• - , ':•.:'.•- > ; • ; « \ •.. • • v . -...

Median (interquartile range) plasma t-PA antigen

concentrations, PAI activities and D-Dimer concentrations

are summarized in Figures 2-4. The nine months training

programme induced only a slight reduction in t-PA antigen

concentration in plasma of 15 males and 9 females. Median

t-PA level in the male group was reduced from 5.8 /xg/1

before the start of the training programme to 5.6 ^g/l nine

months later, a reduction of 3%. In the female group median

t-PA level was reduced from 3.7 /xg/1 to 3.5 jxg/1 (-5%) .

Median plasma PAI activity decreased significantly (p<0.01)

during the course of the training programme. Moreover, in

both male and female group a marked reduction in median PAI

levels was already noticed after 24 weeks of training and

continued to decrease to below the reference range levels

at the end of the test period. In the male group median PAI

concentration was reduced from 22.5 AU.10V1 before the

training programme to 4.5 AU.10V1 nine months later, a
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reduction of 80%. In the female group median PAI level was

reduced from 18.7 AU.lOVl to 5.1 AU.10V1 (-73%). Finally,

a small and non significant increase in median D-dimer

concentration was observed after the start of the training

programme, and this reduced to pre-training values in the

course of the programme. Median D-dimer levels in the

female group were consistently increased in comparison to

those in the male population.
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Figure 2
Median (interquartile ranges) D-dimer concentration (pig/1)
in plasma of 20 males (o) and 14 females (•) before the
training programme (l), 5 days before the 15 km race(2) and
5 days before (3) and after (4) the half marathon run.

DISCUSSION

It is well known that short-term and prolonged physical

exercise increases plasma fibrinolytic activity. This

increase is directly related to the workload and duration

of the exercise (2,3), and has been attributed to the
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Figure 3
Median (interquartile ranges) tissue plasminogen activator
antigen concentration in plasma of 20 males (o) and 14
females (D) before the training programme (1) , 5 days
before the 15 km race (2) and 5 days before (3) and after
(4) the half marathon run.
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Figure 4
Median (interquartile ranges) plasminogen activator
inhibitor activity (AU.10VD concentration in plasma of 20
males (o) and 14 females (D) before the training programme
(1) , 5 days before the 15 km race (2) and 5 days before (3)
and after (4) the half marathon run.
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release of tissue-type plasminogen activator (t-PA) from

the vascular endothelium during and immediately after

exercise (9,10,13-17). The exercise induced release of t-PA

is not fully understood, but some of the contributing

factors may be an enhanced blood flow (22) and elevated

plasma arginine vasopressin concentration (8) . Other

stimuli, like mental stress, adrenalin or vasopressin

infusion and venous occlusion, provoke a similar release of

t-PA from the vessel wall (6,8,22). In the resting

individual most t-PA circulates in the blood, complexed to

a specific plasminogen activator inhibitor (PAD, which is

also produced in the vascular endothelium, and the

percentage of active t-PA is relatively low (23). Exercise

and other stress-stimuli related increases in fibrinolytic

potential, are caused by an excess release of t-PA over PAI

and hence an actual rise in unbound t-PA (10,13,22,23). In

several studies on acute exercise effects, marked increases

in t-PA activity and t-PA antigen concentration were

observed immediately after the exercise peak, but both

returned to baseline levels within 60 min to a few hours

(9,10,13,16). In the present long-term study, no increase

in plasma t-PA antigen concentration was found. In a

comparable longitudinal study (14), a significant reduction

in plasma t-PA antigen concentration of an elderly male

population was observed after six months of training.

Others noticed a significant lower resting t-PA antigen

level in trained subjects in comparison to age matched

sedentary controls (13). Already after 24 weeks of regular

physical exercise, plasma PAI activity was significantly

(p<0.01) lowered in both male and female group and

continued to diminish to below reference value levels after

nine months. Increased PAI levels are observed in several

patient populations, including patients suffering from

cardiovascular disease (13,24-27). Therefore elevated PAI

levels are supposed to be an independent risk factor for

cardiovascular disease (28,29) and peak PAI levels are
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observed to coincide with myocardial infarction (30) . The

average fraction of active t-PA is strongly correlated with

a reduction in PAI concentration (23). The marked reduction

of PAI activity, observed in this study, is also found by

others (13,14,18) and can be considered as a beneficial

outcome of physical conditioning. In the present study the

PAI decrease seems not to be strongly correlated to changes

in body weight, body mass index nor serum triglycerides,

because only a significant reduction in serum triglycerides

in the male population at the end of the training period

was found. Some authors doubt whether the exercise induced

release of t-PA causes an effective fibrinolysis in vivo,

since no post-exercise increase in fibrin(ogen) degradation

products was observed (5,13), while others did find an

acute post-exercise elevation of fibrin(ogen) breakdown

products (7,10,16). In this study, also no shift in the

fibrinolytic end products in rest after prolonged physical

conditioning was observed, since D-dimer concentrations

remained essentially unchanged. This finding might indicate

that in the long-term, no increase in fibrin formation rate

occurs, because t-PA activates plasminogen only effectively

in the presence of fibrin. The increased median D-dimer

concentrations of the female group during this study, in

comparison with the median D-dimer concentrations of the

male group, were also noticed when the reference values

were determined. This increase in basal fibrinolytic

activity, can be induced by oral contraceptives, which were

used by most women, since this medication is supposed to

have a potentiating effect on haemostatic as well as

fibrinolytic activity (31,32).

In summary, from the results of this study we can conclude

that long-term physical conditioning is associated with a

predominant reduction of plasma PAI activity. This finding

might be considered as a positive effect of long-term

endurance exercise on the risk reduction for cardiovascular

disease.
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Exercise and blood platelets

SUMMARY

To study the long-term non acute effect of endurance

physical exercise on blood platelet activation, 20

sedentary males and 14 sedentary females were trained 3 to

4 times a week for 9 months. After 24 weeks all subjects

ran a 15 km race; and after 36 weeks a half marathon (21

km) race. Blood samples were drawn before the training

programme and five days before both races. Median

(interquartile range) platelet factor 4 and beta-

thromboglobulin pre-training values for the total group

were 9 (5-35) IU/ml and 69 (40-495) iu/ml, respectively.

During the course of the training programme, plasma

platelet factor 4 concentrations rose steadily and

significantly in both the male and female group (p<0.05),

together with a non-significant rise in plasma beta-

thromboglobulin. At the end of the training procedure, five

days before the half marathon run, median (interquartile

range) plasma factor 4 and beta-thromboglobulin

concentrations for the total group were 150 (62-198) IU/ml

and 156 (84-288) IU/ml, respectively. No difference existed

in median platelet factor 4 and beta-thromboglobulin

concentrations of the male and female population before or

during the training programme. In summary, the results of

this study demonstrate that prolonged physical conditioning

of increasing intensity is associated with mainly an

elevation of the plasma level of platelet factor 4.
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INTRODUCTION

At present there is a general consensus that people in all

age groups should regularly perform physical exercise for

general health (1,2). However, some reports have shown that

strenuous exertion is associated with ischemic cardiac

events (3,4). The pathogenesis of myocardial ischemia may

be related to blood platelet activation and therefore the

response of platelets to exercise is of great physiological

interest (5-11) . It is well known that acute exercise

induces a transient increase in platelet count, caused by a

release of thrombocytes from the spleen and from other

sites of temporary trapping such as the pulmonary

circulation (12-14) . Equivocal data were obtained from

platelet aggregation studies with in vitro techniques

(6,10,15-17). Conflicting results also exist on acute or

prolonged exercise induced platelet activation, measured by

in vivo indicators of platelet activation, like platelet

factor 4 and beta-thromboglobulin (7-11,18-23). These pro-

teins are platelet specific and released from the alpha

granules during platelet activation (18). A schematic

representation of the platelet structure is shown in Figure

l. The major discrepancies between the studies concerned

are the nature of the physical exercise performed, mainly

limited to one workload of different intensities in trained

or untrained individuals and the method used to assess

platelet activation. Only few data exist on prolonged

physical conditioning and blood platelet aggregability

(24,25) .

The objective of this investigation was to determine the

effect of long-term physical conditioning on blood platelet

activation by measuring the circulating levels of platelet

factor 4 and beta-thromboglobulin. ,KW *;V'; ''}>•:; : s >v . <

97



Exercise and blood platelets

GLY
M

AG

OC

Figure 1
A schematic representation of the platelet structure.
Gly = glycogen; CM = cell membrane; M = mitochondria; MT
microtubuli; DT = dense tubuli; DG = dense granules; AG
alfa granules; OC = open canalicular system.

MATERIAL AND METHODS

. * » • [ • • • • - • ' " • • • . . • • • ' • ' " • •

Subjects

Twenty males aged from 32 to 49 years (median:39) and 14

females aged from 27-41 years (median: 35) were selected

from 370 people who replied to advertisements in two local

newspapers and on a local radio station. Those who

participated in any sports such as running or jogging or

who were active for more than one hour per week in other

recreational sports were excluded. After two information

sessions, all subjects gave their written informed consent.

98



Chapter 7

Training programme

After a medical examination and pre-exercise control

measurements, all volunteers participated in a 9 month

endurance training programme preparing for a half marathon

run (21 km) . The schedule was essentially the same as

previously described by Janssen et al (26). The training

schedule consisted of 3 times a week supervised distance

running on schedule and one supervised interval training,

with emphasis on the running technique. After 24 and 36

weeks all subjects ran a 15 and 21 km race, respectively.

Blood samples

All blood samples were drawn between 8.00 and 9.00 am, to

avoid diurnal variation (5,27). Samples were taken before

the start of the training programme, and to avoid acute

effects, five days before the 15 and 21 km race. Non-

traumatic venipuncture was performed by trained operators.

After discarding the first two ml, 4.5 ml of blood were

drawn into citric acid, theophylline, adenosine and

dipyridamole containing test tubes (Boehringer Mannheim

Corp., Mannheim, Germany) and immediately kept on ice. *

within one hour from sample collection, all test tubes were

centrifuged for 30 min (3000 g) at 4°C. Platelet poor

plasma was slowly and gently aspirated from the central

part of the plasma, without disturbing either the top layer

or buffy coat. The plasma was snap-frozen in aliquots,

stored at -70°C in plastic tubes and thawed at 37°C

immediately prior to serial analysis.

. . . < • * •

Methods

Plasma platelet factor 4 and beta-thromboglobulin

concentrations were determined by an ELISA method according

to the instructions of the manufacturer (Boehringer

Mannheim Corp.). Platelet factor 4 and beta-thromboglobulin

standards were standardized against the First National

Standards, 83/505 and 83/501, respectively. intra-assay
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coefficient of variation was between 5-10% for both assays.

Statistics

All statistics were calculated with SPSS/PC+ Statistics 4.0

statistical data analysis (SPSS Inc., Chicago, USA).

Wilcoxon signed rank test was used to compare differences

in pre-, during and post-exercise plasma samples. The Mann-

Whitney Wilcoxon test was used to compare the male and

female population. All data are given as medians and

interquartile ranges. - — •••

RESULTS : iiS

Median (interquartile range) plasma platelet factor 4 and

beta-thromboglobulin concentrations are summarized in

Figures 2 and 3. Median (interquartile range) platelet

factor 4 and beta-thromboglobulin pre-training values for

the total group were 9 (5-35) IU/ml and 69 (40-495) IU/ml,

respectively. During the course of the training programme

plasma platelet factor 4 concentrations rose significantly

in both male and female group (p<0.05), together with a

non-significant rise in plasma beta-thromboglobulin. At the

end of the trainingprogramme, five days before the half

marathon run, median (interquartile range) platelet factor

4 for the total group was 150 (62-198) IU/ml and median

(interquartile range) beta-thromboglobulin was 156 (84-288)

IU/ml. No gender related difference existed in median

platelet factor 4 and beta-thromboglobulin concentrations

of the male and female population at the start or in the

course of the training programme. :»

D I S C U S S I O N •••-•.• ^ :• • ? • • •-" •.-.-. •..•••: v . ; - - - i ' - v - - v . V " : :•-••.:•-' '--•; '• "^/;••'•

Although platelets play an important role in normal

haemostasis, a number of recent investigations emphasize

the function of blood platelets in the pathogenesis of
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1 2 3
Figure 2
Median (interquartile ranges) platelet factor 4
concentration (iu/ml) in plasma of 20 males (o) and 14
females (D) before the training programme (l) and 5 days
before the 15 km (2) and 21 km (3) races, respectively.

Figure 3
Median (interquartile ranges) beta-thromboglobulin
concentration (iu/ml) in plasma of 20 males (o) and 14
females (•) before the training programme (l) and 5 days
before the 15 km (2) and 21 km (3) races, respectively.
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myocardial ischemia (5,10,11,27). Since many healthy

persons and also coronary patients, are taking part in

sports programs, a major issue is whether exercise induces

platelet hyperreactivity (6-11,15-17). After vigorous

short-term exercise, blood platelet concentration and mean

platelet volume increase, probably caused by newly released

thrombocytes from platelet stores, like the spleen and

pulmonary bed (12-14). These alterations have not been

observed after prolonged and regular activities (24,25).

Studies on exercise induced hyperaggregability of blood

platelets with in-vitro techniques, have shown conflicting

results, which are at least partially due to differences in

workload, fitness level of the subjects and timing of the

blood sampling (6-17). Furthermore, aggregation tests have

their limitations, while measurement of released platelet

proteins, like platelet factor 4 and beta-thromboglobulin,

are better markers for platelet activation in-vivo

(18,19,28). Platelet factor 4 and beta-thromboglobulin are

platelet specific proteins, which are released from alpha

granules during platelet activation (18,28). Although these

proteins are markedly similar in structure, they differ

considerably in biological properties (18,28,29). Platelet

factor 4 binds strongly to heparin and heparin-like

molecules, whereas beta-thromboglobulin has only a low

anti-heparin activity (18,29,30). The rapid clearance of

platelet factor 4 from the circulation, in contrast to

beta-thromboglobulin, is supposed to be caused by the

binding of platelet factor 4 to heparan sulphates at the

surface of endothelial cells (18,29,30). This binding is

reversible, because platelet factor 4 may re-enter the

circulation upon injection of heparin (18,28,29). The

interpretation of measured concentrations of platelet

secreted proteins is rather difficult, due to potential

artificial elevations that might occur during blood

collection and sample preparation (18,19,21). To

distinguish between in-vitro and in-vivo secretion, some
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authors suggest that plasma platelet factor 4 and beta-

thromboglobulin need to be evaluated together (15,18).

Because of the difference in clearance rate, plasma of

healthy individuals at rest contains several times higher

beta-thromboglobulin levels than platelet factor 4 levels,

although both are released in equal amounts from the alpha

granulae (18,25). In the present study, the median plasma

beta-thromboglobulin concentration in the total group was

indeed substantially higher than the median platelet factor

4 concentration at the start of the training programme.

Five days before the 15 km and 21 km race, 21 and 36 weeks

after the beginning of the training programme,

respectively, the median platelet factor 4 concentration

was significantly increased (p<0.05) in comparison with

pre-training levels in both the male and female group,

whereas the rise of the median beta-thromboglobulin

concentration was not significant. Although in-vitro

activation cannot be ruled out totally, such an effect is

very unlikely, because the data show consistently

increasing values of the platelet proteins during the

course of the programme. Some authors report a significant

rise of platelet factor 4 and beta-thromboglobulin in

plasma of healthy individuals and coronary patients

immediately after exercise (8-11,17), implicating an acute

post-exercise in-vivo platelet activation, although no

correlation was found between the increase of platelet

proteins and exercise induced myocardial ischemia (7,8,19).

Other investigators doubt whether an exercise induced

increase of platelet proteins really exists (20,22,30).

Platelet activation is related to exercise intensity and

duration, which might be partially responsible for these

conflicting data (22,23). In one study, a decreased

platelet count was observed after one year of training of

previously sedentary individuals, but one week after

running a marathon race, platelet count was still enhanced

in the same subjects in comparison with pre-training levels
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(25) . This elevation gave information about the degree of

recovery after strenuous exercise and was supposed to be

caused by physical stress induced release of fresh

platelets from a platelet pool.

Both an increased platelet number and a younger platelet

population can be responsible for the elevated levels of

platelet factor 4 and to a lesser degree beta-

thromboglobulin, observed in our study 5 days before both

races. The seeming discrepancy between the behaviour of

platelet factor 4 and beta-thromboglobulin remains however,

at first sight. But in a study measuring endogenous

glycosaminoglycans after graded physical exercise, a

significant increase of heparin-like activity in plasma of

individuals during exercise and recovery was observed (31).

This is an interesting finding, because several authors

demonstrated the existence of a heparin-mobilizable pool of

platelet factor 4, bound to the vascular endothelium

(18,28,29,32). Considering these observations, it seems

possible that a certain amount of the risen concentration

of platelet factor 4, in the course of the training

programme, measured in the present study, is not derived

from activating platelets but from the heparin-mobilizable

pool of platelet factor 4. This might partly be a plausible

explanation for the divergence between platelet factor 4

and beta-thromboglobulin behaviour, seen in the present

study.

In summary, physical conditioning of increasing intensity

induces mainly an increased release of platelet factor 4

and to a lesser degree, of beta-thromboglobulin. whether

the significant rise in platelet factor 4 is caused by the

release of platelet factor 4 from the vascular endothelium

due to exercise induced increase in endogenous heparin-like

substances, needs further investigation.
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Exercise and changes in risk factors

SUMMARY

This study reports the non-acute effects of a long-term

training programme of increasing intensity on the

cardiovascular risk factor profile and the interrelation

between these risk factors. Twenty sedentary men and 14

sedentary women were trained 3 to 4 times a week for nine

months. After 36 weeks all individuals ran a half marathon

run. The training programme induced a median increase in

Wmax of 12% in the group of men and 18% in the group of

women. These increases in Wmax did not correlate with any

other change in risk factors under investigation in this

study. Blood pressure was not altered, but body weight and

body mass index were significantly decreased in the male

group at the end of the training programme and non

significantly in the female group. In the group of men,

total cholesterol, low density lipid cholesterol and

triglycerides decreased significantly under the influence

of the training sessions. Furthermore, in both groups, a

great fall in plasma plasminogen activator inhibitor levels

was noticed. However, the changes in these lipid and

fibrinolytic parameters were not correlated. Initial total

cholesterol, low density lipid cholesterol and triglyceride

levels correlated significantly with systolic blood

pressure, while diastolic pressure was correlated to

tissue-plasminogen activator. Since tissue-plasminogen

activator also was significantly related to triglycerides,

a trias existed between primary risk factors like blood

pressure, lipid levels and fibrinolysis. In contrast, the

changes in these parameters under the influence of physical

training, were not interrelated. Median serum

lipoprotein(a) levels were significantly increased in both

men and women five days before the half marathon run.

Concomitantly, median fibrinogen concentrations were

significantly elevated in men and non significantly in

women, although no correlation existed between these changes.
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In conclusion, the nine months exercise programme increased

the aerobic fitness in both men and women. This improvement

coincided but was not correlated with beneficial changes in

several anthropometric, lipid and fibrinolytic factors.

Improvement in the risk factor profile was more pronounced

in men than in women. The changes in lipid and haemostasis

risk factors did not correlate with each other. The

increases in lipoprotein(a) and fibrinogen concentrations,

both atherogenic indices, could actually represent a normal

physiological response to the physical strain of exercise

training of increasing workload.
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INTRODUCTION

Atherosclerosis leading to coronary heart disease is still

the major cause of morbidity and mortality in our Western

society (1) . Atherosclerosis is a complex multifactorial

disorder, but the pathogenesis includes a contributing role

for blood lipids and haemodynamic forces (1-3) . Occlusion

of an atherosclerotic vessel, based on thrombus formation,

links the haemostatic system with atherosclerosis at a

fundamental level (2-4). Risk factors for atherosclerosis

are several anthropometric determinants like sex, age, body

weight and blood pressure (5-8). In addition, various

biochemical parameters contribute to the formation of

atherosclerotic plaques of which hyperlipidaemia, namely an

increased serum total and/or low density lipoprotein

cholesterol (LDL-cholesterol) is the best known (7-10).

Other parameters include factors of the haemostatic system,

like an elevated plasma fibrinogen or plasminogen activator

inhibitor concentration (11-13) . Recently lipoprotein (a) ,

a LDL-like lipoprotein with a great homology to

plasminogen, a component of the haemostatic system, was

designated as an independent risk factor for the genesis of

artherothrombotic disease (14-17).

Regular physical exercise, among other life-style habits

like diet and a history of no smoking, may reduce the risk

of vascular thrombotic events (6,18-21). This protection

might be mediated through the effect of exercise on the

haemostatic system and lipid metabolism, because endurance

trained athletes exhibit generally more favourable profiles

than their non-active counterparts (22-25) . The results of

longitudinal studies, in which selection bias and

constitutional factors have been minimized, are difficult

to compare due to differences in e.g. duration and

intensity of the exercise programmes (23,26-30). Only few

studies exist on the interrelation of anthropometric,

lipid, and haemostatic risk factors and the potentially
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favourable effect of long-term moderate exercise on these

parameters (31-33).

The present study was designed to investigate the non-acute

effect of long-term physical conditioning on anthropometric

and biochemical parameters in previously sedentary men and

women and to evaluate the relationship between the specific

components of the risk factor profile.

MATERIAL AND METHODS

Subjects

Threehundred seventy people replied to advertisements in

two local newspapers and on a local radio station. Those

who participated in any sports such as running or jogging

or who were active for more than one hour per week in other

recreational sports were excluded. 47 individuals were

aselectly chosen to participate in the study. 34

participants completed the 9 months training programme:

twenty males aged from 32 to 49 years (median:39 years) and

14 females aged from 27-41 years (median: 35 years). No

lipid lowering or antihypertensive medication was used by

any of the volunteers. Among the participants were three

female and six male cigarette smokers (maximum of ten

cigarettes a day), who continued to smoke during the test

period. All individuals kept their diet and other living

habits, like the use of alcohol as constant as possible

during the study. After two information sessions all

subjects gave their written informed consent.

Training programme

After a medical examination and pre-exercise control

measurements all volunteers participated in a 9 month

endurance training programme preparing for a half marathon

run (21 km). The schedule was essentially the same as

previously described by Janssen et al (34) . The training

period lasted 9 months. After 24 and 36 weeks of training
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all subjects ran a 15 km and 21 km race, respectively.

During the general preparation period the volunteers

trained 3-4 times a week; 6 weeks before each contest the

training programme was intensified to 5-6 times a week.

Beside the attention paid to style and technique of

running, stretching, speed, intervals, warming-up and

cooling-down, the training included three elements: long-

distance running, running at high speed and interval

training. The elements followed each other naturally as far

as the intensity is concerned. The intensity percentage of

maximal heart rate was for long-distance runs 70-80%, for

running at a fixed pace 80-95% (over 200-2000 m depending

on the training status) and for intervals over shorter

distances (200-400 m) 95-100%. By putting these three

elements together (in relation of 70:20:10% of the

distances per week) a gradual undulating increase of the

amount of training can be accomplished by training to a

maximum of 60 min per training session in the first part of

the study and to a maximum of 100 min per training session

in the second part.

Blood samples

All blood samples were drawn between 8.00 and 9.00 am. All

subjects were seated and had not eaten or exercised during

the preceding ten hours before phlebotomy. Samples were

taken before the start of the training programme and, in

order to avoid acute effects, five days before both races.

Non-traumatic venipuncture was performed by trained

technicians. Within one hour from sample collection serum

was separated from blood, snap-frozen in aliquots, stored

at -70°C in plastic tubes and thawed at 37°c immediately

prior to serial analysis.

Blood pressure

Blood pressure was determined using a standard auscultatory

method by a skilled technician, after a five minutes rest
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period of the subjects in supine position. For the systolic

blood pressure the first Korotkoff sounds were noted, while

the diastolic blood pressure was measured at the

disappearance of the Korotkoff sounds.

Graded maximal exercise tolerance test

Exercise tolerance test was conducted using a Lode bicycle

ergometer. The test started at a workload of 50 Watt. After

a warming-up period of 10 minutes, the exercise intensity

was increased by 50 Watt every 4 minutes until exhaustion.

During the test, subjects cycled at a rate of approximately

80 rpm and heartrate was monitored continuously. Wmax was

calculated as the power step at which was cycled for the

complete 4 minutes, plus the fraction of power cycled in

the final intensity step.

Laboratory procedures

Fibrinogen was determined according to the Clauss method.

The antigen concentrations of tissue-plasminogen activator

(t-PA; Kabi Vitrum Diagnostica, Molndal, Sweden) and

lipoprotein(a) (Biopool AB, Umea, Sweden) were determined

using an ELISA test method. Plasminogen activator inhibitor

(PAI) activity was analysed using an excess single chain t-

PA and S-2251 as an chromogenic substrate for plasmin (Kabi

Vitrum Diagnostica). Serum triglycerides and total

cholesterol were analysed using enzymatic assays (Roche

Diagnostica, Basel, Switzerland and Boehringer Mannheim,

respectively). High density lipoprotein cholesterol (HDL-

cholesterol) fraction was isolated from serum by the

phophostungstic acid/ magnesium chloride precipitant and

determined with a test kit of Boehringer. LDL-cholesterol

was calculated according to the Friedewald equation. The

intra-assay coefficient of variation for the determination

of PAI was less than 10%. For all other assays the intra-

assay coefficient of variation was less than 5%.
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Statistics

All statistic computations were done with SPSS/PC+

Statistics 4.0 computer package (SPSS Inc., Chicago, USA).

Wilcoxon signed rank test was used to compare differences

in pre- and post-exercise plasma samples. The Mann-Whitney

test was used to compare the male and female population.

All data are given as medians and interquartile ranges.

Correlations between changes in lipids, lipoproteins and

haemostatic factors and changes in anthropometric values

were calculated according to the method of Spearman.

(Stepwise) multiple regression was carried out to find

independent determinants for the variation in the increase

of Wmax.

RESULTS

Effect of training on maximal workload and the risk factor

profile

Median (interquartile range) initial anthropometric

determinants, values of the lipid metabolism, the

haemostatic and fibrinolytic system and the changes in

these parameters after nine months of training are

summarized in Table I. In both men and women a nine months

training programme produced a significant increase in Wmax.

In men this increase was 12% (p<0.00l) and in women 18%

(p=0.0l6). In neither men nor women resting diastolic nor

systolic blood pressure was changed at the end of the

training programme. In men, median body weight and body

mass index were significantly (p<0.01) reduced at the end

of the training programme, while in the female group a non

significant reduction in these anthropometric parameters

was noticed. The lipid profile showed a significant

(p<0.0l) decrease in triglycerides, total cholesterol and

LDL-cholesterol in the male group, but not in the female

population. In contrast, in both men and women

lipoprotein(a) concentrations were significantly (p<0.01)
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higher in both men and women after the completion of the

training programme. In the male group fibrinogen

concentrations were significantly (p<0.01) raised after

nine months, while in the female group the rise in median

fibrinogen concentration was not significantly different

from pre-training levels. Finally, in both men and women a

large and highly significant (p<0.00l) reduction in median

PAI levels was observed after nine months of training.

TABLE I: Median (interquartile range) initial anthropomelric characteristics and variables ol the lipid
metabolism and haemostatic system in men and women and the changes in six months (pre post) for these parameters.

Men

Wmax
weight
BMI
diastolic
systolic
fibrinogen
t-PA
PAI
T6
TC
LDLC
HDLC
Lp(a)

Women

Wmax
weight
BMI
diastolic
systolic
fibrinogen
t-PA
PAI
TG
te
we
HDLC

n

20
20
20
20
20
18
19
17
20
19
19
19
20

n

14
14
14
14
14
14
14
1 1
14
14
14

• 14
14

pre

226 (203 266)
74.6 (69.1-79.8)
23.1 (21.6-25.5)
80 (80 81)
133 (129 1461
2.32 (1.97-2.481
5.8 (4.7 8.4)
22.5 (16.0 26.8)
1.1 (0.9-1.5)
5.8 (5.0-6.4)
4.0 (3.34.81
1.0 (0.9.131
32 (11-63)

pre

160 (152 175)
63.0 (57.0 65 8)
21.6 (21.3 22.6)
73 (7080)
120 (115-130)
2.62 (2.13-3.011
3.7 (2.7 7.0)
18.7 (16.0 25.5)
0 9 (0.7 1.1)
5.3 (3.96.0)
3.2 (2.5 3.9)
1.5 (1.1-1.9)
65 (23-199) .

change

24.0 (8.5-42.0)
-1.6 (3.0(0.2)
-0.5 (0.9 0 01

0.0 (5.00.0)
-7.5 (15.0 0.0)

0.78 (0.50-1.02)
0.10 (2.10(0.60)1

-13.5 (-17.5(7.0)
-0.33 (0.40 10.07))
-0.45 (-1.15 (0.21)
-0.50 (1.01 (0.2811

0.0 (0.100.10)
39.0 (25.0 68.0)

change

25.0 (17.5 38.5)
-0.7 (2 0 0 5)
•0.2 (0.7 0.2)

0.0 (5.0 10.01
5.0 (-2.5-10.0)
0.31 (0.21 0.72)
0.45 (1.70 2.60)

-12.5 (15.6(9.61)
•0.10 (0.24 0.101
-0.40(1.13-0.08)
-0 .24 (0 79 0 10)
•0.10 (0.25 0.10)
65.5 131.8 283.3)

p-value

p < 0.001
p < 0.001
p < 0.001
p = 0.27
p = 0.06
p < 0.001
p = 0 48
p = 0.001
p = 0 001
p < 0.001
p = 0.001
p = 0.75
p < 0.001

p value

p = 0.018
p = 0.10
p = 0.14
p = 0.35
p = 0.25
p = 0.06
p = 0.57
p = 0.003
p - 0.28
p = 0.16
p - 0.22
p = 0.18
p < 0.001

BMI - body mass index; t PA = tissue plasminogen activator; PAI = plasminogen activator inhibitor;
TG = triglycerides; TC = total cholesterol; LDLC «= low density lipid cholesterol; HDLC = high density
lipid cholesterol; Lpla) = lipoprotein (al.
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TABLE II Spearman's rank coefficient of correlation between the change (a) in Wmax and the
change in the variables of the risk factor profile after nine months of training.

0.04 14 0.48
0.04 14 0.42
-0.12 14 -0.32
0.15 14 0.03
0.07 14 0.15
-0.21 14 0.16
-0.01 10 -0.57
-0.47 14 0.24
-0.04 14 0.36
-0.16 14 -0.24
0.36 13 -0.02
0.005 14 0.18

BMI = body mass index; t-PA - tissue plasminogen activator; PAI = plasminogen activator
inhibitor; TG = triglycerides: TC = total cholesterol; LDLC = low density lipid cholesterol; HDLC
= high density lipid cholesterol; Lplal = lipoprotein (a).

TABLE III Spearman's rank coefficient of correlation between initial anthropometric variables and
initial blood parameters in the total group (N=34).

& weight
a BMI
a diastolic
A systolic
a fibrinogen
»t-PA
»PAI
A T G
aTC
A LDLC
a HDLC
a Lplal

20
20
20
20
18
19
16
19
19
19
19
20

fibrinogen
t-PA
PAI
TO
T6 •-•
LDLC
HDLC
Lp(a)

age

0.02
0.29

-0.10
0.19
0.32
0.41
0.13

-0.09

Wmax

-0.39
0.13
0.07
0.17

-0.02
0.14

-0.37
-0.17

weight

•0.18
0.34
0.36
0.36
0.05
0.20

-0.39
-0.16

3MI

0.12
0.32
0.21
0.46"
0.27
0.36

•0.12
0.05

diastolic

0.09
0.46"
0.08
0.32
0.19
0.28

-0.25
-0.12

svstolic

0.01
0.39
0.03
0.60"
0.55"
0.58"
0.02
0.14

t-PA = tissue plasminogen activator; PAI = plasminogen activator inhibitor; TG = triglycerides;
TC = total cholesterol; LDLC • low density lipid cholesterol; HDLC = high density lipid
cholesterol; Lplal =• lipoprotein la).

" p < 0 . 0 1 ; " p < 0 . 0 0 1 •:•,.;- , • : : : ? ; :

Correlation analysis

Table II shows the correlation (Spearman) between the

change in Wmax and the change in risk factor profile after

nine months of training in men and women. No significant

relation existed between the increase in maximal workload
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TABLE IV Spearman's rank coefficient of correlation between changes |A) in parameters of the
lipid metabolism and changes (A) in factors of the haemostatic and fibrinolytic system after
nine months of training in the total group (N = 34).

& Fibrinogen

4 t P A

4 PAI

A TG

0.24

0.09

-0.15

A T C

•0.13

0.04

-0.06

4 LDCL

•0.13

0.28

0.08

A HDLC

0.29

-0.16

0.15

4 Lp(a)

-0.19

-0.03

0.10

t-PA - tissue plasminogen activator; PAI = plasminogen activator inhibitor; TG = triglycerides:
TC - total cholesterol; LDLC =• low density lipid cholesterol; HDLC => high density lipid cholesterol;
Lp(a) - lipoprotein (a).

on a cycle ergometer and the change in atherogenic

determinants. Table III shows the correlation between

initial anthropometric and biochemical parameters for the

total group. Diastolic blood pressure was significantly-

correlated with serum t-PA (r=0.46, p<0.0l) while systolic

blood pressure related significantly to total cholesterol

(r=0.55, p<0.00l), LDL-cholesterol (r=0.58, p<0.00l) and

triglycerides (r=0.59, p<0.00l). Triglycerides also

correlated significantly with body mass index (r=0.45,

p<0.01). Correlation analysis between initial values of the

haemostatic and fibrinolytic system and lipid metabolism

showed a significant relation between t-PA and serum

triglycerides (r=0.60, p<0.001)). Finally, the correlation

(Spearman) between changes in lipid and lipoprotein

metabolism with changes in the haemostatic and fibrinolytic

system for the total group are shown in Table IV. No

significant relation was found between changes in these

biochemical parameters.

Multiple regression

In the stepwise multiple regression model, dependent

variable was the change in Wmax after nine months (A Wmax).

Independent variables for A Wmax were initial body weight,

body mass index, diastolic and systolic blood pressure.
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Using these independent variables, the regression equation

had a R* value of 0.33 (N=34) . In the stepwise multiple

regression model however, no independent variables were

selected for A Wmax.

DISCUSSION

Several epidemiological studies have revealed that a

sedentary lifestyle is an independent risk factor for

coronary heart disease, while habitual physical activity

may reduce the individual risk for this condition (6,18-

21) . The protective effect of exercise seems to be mediated

through favourable influences on several established

anthropometric and biochemical risk factors (19,27,33).

vigourous physical activity may directly or indirectly

influence body weight, blood pressure and the lipid profile

(22,24). Furthermore, beneficial effects of intensive

exercise on the haemostatic system are described (23,25).

Nowadays, whether the intensity of exercise training,

attainable for the majority of people, will provoke similar

results, is a topic of investigation (6,10,28,32,35,36).

In our study a nine months exercise programme of moderate

intensity resulted in an average increase in Wmax of 12% to

18% in men and women. Although aerobic fitness is commonly

expressed as maximal oxygen uptake (V02max), Wmax is a more

stable determinant for aerobic endurance capacity and

easier to assess in the laboratory (37) . Results of other

studies, in which previously sedentary individuals

participated in an aerobic training program of moderate

intensity, showed increases in V02max of 10-20% (30,35,36).

These results are comparable with the results of the

present study, since V02max and Wmax are linearly

interrelated (37,38). The nine months training programme

provoked, besides increases in Wmax at all participants,

several changes in selected risk factors. However, the

change in aerobic endurance capacity was not significantly
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correlated with changes in anthropometric variables or

changes in lipid and haemostatic parameters. Furthermore,

in the stepwise multiple regression model, no initial

anthropometric variables were independent predictors for

the changes Wmax. So, an active life style and physical

conditioning by itself influences risk factors,

irrespective of anthropometric characteristics or the

outcome of the training sessions (10,12,20,27,39). Regular

physical activity can lower mean resting blood pressure in

moderately hypertensive patients, although this finding is

not universal (40-42). In our study, no significant changes

were found in diastolic or systolic blood pressure at the

end of the training program in neither men or women.

However, one can doubt whether a fall in blood pressure in

healthy normotensive subjects is likely to be expected

(35,36,43). The nine months training programme induced a

significant decrease in median body weight and body mass

index in the male group, as well as a non significant

reduction of body weight and body mass index in the female

group. This finding can be explained by the increased

energy expenditure of the individuals under investigation

as a result of the regular training sessions (24,33).

Before the training programme, initial total cholesterol,

LDL-cholesterol and triglyceride levels correlated

significantly with the systolic blood pressure in the total

group, while the diastolic blood pressure was significantly

correlated to t-PA. Furthermore, a significant relation

between t-PA and triglycerides was found. Hypofibrinolysis

in patients with hyperlipidaemia has been frequently

reported (44-47) . Also a high blood pressure seems to

influence fibrinolysis (48,49). The results of the present

study focus on the important interplay between primary risk

factors, like blood pressure and lipid levels with

fibrinolysis (48) . The changes in the haemostatic,

fibrinolytic and lipid status as a result of long-term

training programme has been separately discussed before
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(50-53) . The fall in plasma PAI levels, observed in both

men and women and the significant decrease in total

cholesterol, LDL-cholesterol and triglycerides in the group

men after nine months of training are known favourable

effects of physical conditioning (26,27,30,33,57). The

changes in these variables were not interrelated, stressing

the fact that these parameters as risk factors for

atherosclerotic disease behave independently (55) .

Lipoprotein(a), a LDL-like lipoprotein, competes with

plasminogen for fibrin binding in vitro, and therefore may

relate atherosclerosis to thrombosis (14-17). Although some

studies report an association between lipoprotein(a) levels

and fibrinogen concentrations, most investigators failed to

find any relation between lipoprotein(a) and factors of the

haemostatic or fibrinolytic system (56-58). Also in the

present study, the increases in lipoprotein(a) levels in

both groups and the increases in fibrinogen levels in the

male group at the end of the training programme were not

correlated. Lipoprotein(a) levels are often increased in

patients suffering from coronary heart disease (16,59).

Recently lipoprotein(a) levels in sera of healthy

physically active individuals were found to be raised,

which parallels the results of the present study (60)

Therefore, lipoprotein(a) may play a physiological role as

an acute phase reactant in tissue repair, making its

function not solely restricted to be an atherogenic

determinant (60,61). In the present study, the training

sessions in preparation for the half marathon run probably

have caused physical stress on the body of the

participants, inducing a rise in lipoprotein(a) and also in

fibrinogen as acute phase reactants (60-63).

In conclusion, the results of the present study show that

regular physical conditioning of moderate intensity

influences coronary risk factors at rest. These changes are

more pronounced in men than in women. Improvement of

anthropometric factors, lipid profile and fibrinolytic
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potential are important favourable effects. Supposed

adverse effects of exercising, like increases in

lipoprotein(a) and fibrinogen, could actually be a normal

physiological response to the physical strain of the

exercise programme of increasing workload.
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GENERAL DISCUSSION

Leisure time physical exercise is more and more appreciated

as a way to improve physical fitness and general health. In

large epidemiologic studies, physical activity and physical

fitness are associated with a reduced risk of

cardiovascular disease and premature death (1-4). This

seems to be mediated through favourable effects of

exercise on a number of coronary risk factors (5-7).

However, epidemiologic studies are observational in design,

leaving space for potential bias. A large long-term

randomized controlled trial on the single-factor effect of

physical exercise on coronary risk factors has so far never

been conducted (8). The great variability in the compliance

of the participants due to the excessive demands of

intensive training programmes, the difficulty to manage

these type of studies and the high costs coming with it,

are probably the major cause for this. Instead, most

longitudinal studies on the effect of physical exercise on

the risk factor profile are restricted to a limited, well

selected group of individuals, often only men (9-12) . in

most studies, the follow-up time was relatively short.

Furthermore, generally, only data from the acute post-

exercise state were collected.

To avoid some of these limitations, the present study was

designed to evaluate the long-term, non-acute effects of a

nine months physical training programme on a group of

healthy men and women. About 370 volunteers were recruited

from advertisements in a local newspaper and on a local

radio station. Only strictly sedentary individuals were

allowed to participate in the study. All were initially

motivated to adapt an intensive training programme to their

regular daily activities. From all selected individuals

(more than 150) , a non-select sample was taken of 47

persons, an adequate group size in comparison to other

comparable study designs (13-15). The ratio between men and
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women was equal to the ratio between male and female

subscribers to this training programme. The study started

with a sports medical check-up, including a maximal cycle

ergometer-test, which was repeated 9 months later. In this

study, the individuals function as their own controls, i.e.

all parameters under investigation were determined before

the start of the study. Seasonal influences on these

parameters were excluded on the basis of results of

previous studies (16,17). All participants were strongly

advised to keep their other life-style habits unchanged

during the training programme and they were intensively

controlled. The actual exercise programme was successfully

used previously under professional guidance, when preparing

a comparable sedentary group for a marathon run (18) .

Considering the intensity of the training schedule, drop-

out rate of 28% was relatively low and the compliance to

participate in all training sessions was high.

The training programme induced a significant increase of

the maximal workload on a bicycle ergometer (Wmax) in both

men and women. However, these increases in aerobic power

did not correlate with any other change in anthropometric

or biochemical factors under investigation in this study.

So, physical activity and physical fitness influenced

several selected risk factors, independent of the effect

of the training programme on the endurance capacity. Blood

pressure was not altered, as could be expected in a healthy

normotensive population (19). Percentage body fat was

decreased in the total group, together with an actual

decrease in body weight and body mass index in the male

group at the end of the training programme. Although all

dietary habits remained essentially unchanged during the

training period, body fat reduction is the inevitable

result of an increased energy expenditure due to a more

active life-style (20,21).

In the male group, serum levels of total cholesterol, low
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density lipoprotein cholesterol (LDL-cholesterol) and

triglycerides decreased significantly under the influence

of the training sessions. In the female group lipid- and

lipoprotein levels did not change, whether exercise or

weight loss through exercise is responsible for the

improvement of lipoprotein profiles in the male group is

not clear. Some studies show that improvement in

lipoprotein profiles by exercise is only achieved in

combination with actual weight loss (22). However, the

changes in serum lipids or lipoproteins did not correlate

significantly with the changes in body weight, body mass

index or percentage body fat in the male group in our

study, suggesting a primary effect of exercise on serum

lipids. More active individuals generally have higher

levels of high density lipoprotein cholesterol (HDL-

cholesterol) (23-25). Increased hepatic lipoprotein lipase

activity is held responsible for this, inducing a shift in

the relative amounts of HDL-cholesterol subfractions (25) .

In our study, no change in HDL-cholesterol in either the

male or female group was observed. Perhaps measuring total

HDL-cholesterol is not a sensitive parameter to detect

small changes in HDL-cholesterol concentrations. On the

other hand, the amount of cholesterol intake, which

remained essentially unchanged in this study group, seems

to be important in order to increase HDL-cholesterol

concentrations in exercising individuals (9). In the female

group, the inefficacy of exercise to alter HDL-cholesterol

levels can be caused by the difficulty to override the

effects of other, more potent determinants of HDL-

cholesterol levels such as female sex hormones (10,26).

In this study, lipoprotein(a) increased steadily and

significantly in both the male and female group. Because

lipoprotein(a) is considered to be an independent risk

factor for cardiovascular disease (27,28), this effect of

physical exercise seems to be in contrast with the in

general positive effect of endurance training on
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lipoproteins. However, little is known about the function

of lipoprotein(a) in vivo (28) . It is speculated that

lipoprotein(a), apart from its function as inhibitor of

fibrinolysis, is an acute phase determinant (29,30). In a

recent study, in sera of long distance runners and body

builders, also increased levels of lipoprotein(a) were

found, suggesting a non-pathologic role for lipoprotein(a)

as a respondent to small tissue damage and tissue repair

(31) .

A comparable effect was seen when studying the effect of

the exercise programme on blood coagulation parameters.

Median plasma fibrinogen concentration in the male and

female group, a risk factor for coronary heart disease, but

also an acute phase reactant, was increased as a result of

the training sessions. Lipoprotein(a) binds to fibrinogen

in vitro, and in some studies was found that fibrinogen

levels were higher in individuals with high levels of

lipoprotein(a) (32,33). However, the changes in

lipoprotein(a) and fibrinogen concentrations during this

training programme were not significantly correlated.

Whether these parameters are interrelated as acute phase

reactants, should be investigated further. : J :t - - •;

In contrast to the acute effects of exercise on

haemostasis, regular physical training had no long-term

effect on blood coagulation, since factor Vlll:c activity,

von willebrand factor antigen- and thrombin-antithrombin

III concentrations remained essentially unchanged. In this

study increases in platelet specific proteins as a long-

term non-acute effect of physical exercise was observed.

The median concentration of platelet factor 4 was

significantly elevated at the end of the training programme

and was increased almost two-fold, in contrast to the

median plasma beta-thromboglobulin concentration. Because

of the unequal increase in plasma levels of platelet factor

4, a heparin-binding platelet protein, compared to beta-

thromboglobulin levels, it is less likely that platelet
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factor 4 was solely released from circulating activated

platelets. Physical training seems to induce the release of

increased amounts of heparin-like substances in the body

(34) . These endogenous glycosaminoglycans could in turn

mobilize a pool of platelet factor 4, normally bound to the

vascular endothelium (34,35). This explanation, pointing

towards a potential beneficial effect of physical exercise,

is speculative and needs further investigation.

Plasma plasminogen activator inhibitor (PAD activity,

which is considered as an important atherogenic index in

recent studies, was reduced markedly in both the male and

female group at the end of the training programme (36). The

underlying physiologic cause for this rapid and large

decrease is not clear (37). During the exercise programme

the median tissue-plasminogen activator concentrations

remained essentially unchanged in both men and women.

Because the fraction of active tissue-plasminogen activator

is strongly correlated to the average PAI concentration,

the concentration of active plasma tissue-plasminogen

activator was increased as a result of the exercise

sessions, implicating an enhanced fibrinolytic potential of

the blood of the volunteers (38) . Since the D-dimer

concentrations were not altered at the end of the training

programme, it can be concluded that this increase in

fibrinolytic potential did not result in actual

fibrinolysis, which would have been unlikely in absence of

an active haemostatic process. ;, ; -.- • .:: • |;?i' , v

Atherosclerosis is not a single factor disorder but a

multi-factorial disease (39). Several metabolic factors

were assigned in the past as major and minor risk factors,

like impaired glucose tolerance, increased triglyceride-

and total cholesterol levels, low HDL-cholesterol, obesity

and hypertension (40-43) . Furthermore, recent studies show

that ineffective low fibrinolysis is also a major long-term

risk factor (44,45) . In patients with hyperlipidaemia,
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hypofibrinolysis has been observed (46,47). Additionally, a

high blood pressure seems to influence fibrinolysis (48) .

in the present study, initial total cholesterol, LDL-

cholesterol and triglyceride levels correlated

significantly with systolic blood pressure, while diastolic

pressure was correlated to tissue-plasminogen activator.

Tissue-plasminogen activator was also significantly related

to triglyceride concentrations. The results of this study

confirm the relation between selected primary risk factors.

Long-term physical conditioning has a beneficial effect on

several of these components (49) . The great decrease in

plasma PAI levels, observed in both men and women and the

significant decrease in triglycerides, total cholesterol

and LDL-cholesterol in the male group after nine months of

training, are favourable effects of physical conditioning.

The present study was restricted to a selected group of

healthy volunteers and most pre-training metabolic

parameters of the individuals were in the normal reference

range. Therefore the impact of the results of this training

programme could only be limited. Taking this in

consideration, the effect of physical conditioning on the

risk factor profile should be more pronounced in

individuals with slight to moderate increased risk to

cardiovascular disease. Further research on this subject

should therefore include patients with an elevated risk

factor profile. Furthermore, longer exercise programs and

larger study groups may be needed to get effects comparable

with cross-sectional studies.

Recently, it has been proposed that exercise has its

favourable effect on the lipoprotein profile through

increased insulin sensitivity (50,51). So, it would be very

interesting to investigate in the future the effect of

physical training on haemostasis and lipid metabolism in

relation to insulin-sensitivity.
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Summary

SUMMARY

This thesis describes the non-acute effects of a nine

months training programme of increasing intensity on the

cardiovascular risk factor profile in a group of healthy,

previously sedentary individuals. Several parameters of

blood coagulation, fibrinolysis, blood platelets, lipid

metabolism and the interrelation between these variables

were studied.

In chapter l gives a general overview of several risk

factors for coronary heart disease. Life-style factors and

blood parameters, influencing the risk for cardiovascular

disease, are summarized. Besides established risk factors,

like smoking, high blood pressure, high cholesterol or low

HDL-cholesterol, attention is paid to several haemostatic

risk factors, such as fibrinogen and plasminogen activator

inhibitor. Furthermore, lipoprotein(a) as coronary risk

factor is discussed. Finally, an outline of the potentially

beneficial effect of physical exercise on the risk factor

profile is presented. • ' ;-; - n'

Chapter 2 describes the selection procedure of the subjects

and the concept of the training programme, as well as the

materials and methods used. Seventy four participants were

selected from 370 people, who replied to advertisements in

a local newspaper and on a local radio station. Thirty four

volunteers fulfilled the study. Twenty sedentary men and 14

sedentary women were trained 3 to 4 times a week for nine

months. After 24 weeks all subjects ran a 15 km-race and

after 36 weeks a half-marathon (21.1 km) race. Six weeks

before each contest, the training schedule was intensified

to 5 to 6 times a week. Exercise tests were performed and

anthropometric values were determined before and after the

training programme. Blood samples were drawn before the

start of the training programme and, in order to avoid the
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measurement of acute effects, 5 days before both races and

5 days after the half marathon run.

In chapter 3, the influence of endurance training on serum

lipids, lipoproteins and some anthropometric parameters is

reported. In the male group, median body weight and body

mass index were significantly decreased after nine months

of training, while in the female group body weight and body

mass index remained essentially unchanged. Percentage body

fat, measured by skinfold thickness, was significantly

decreased in both groups at the end of the training

programme. During the training period, median serum total

cholesterol, LDL-cholesterol and triglyceride

concentrations decreased significantly in the male group,

while in the female population the median serum lipid and

lipoprotein concentrations did not differ from pre-training

values. The changes in serum lipids or lipoproteins did not

correlate significantly with changes in body weight, body

mass index or percentage body fat. Stepwise multiple

regression showed that these changes were mostly dependent

on initial serum levels. Finally, no significant increase

in median HDL-cholesterol was observed in either the male

or female group.

Chapter 4 presents the effects of regular exercise on serum

lipoprotein(a) concentrations. Lipoprotein(a) is a LDL-like

lipoprotein, with great structural homology to plasminogen,

a zymogen of the fibrinolytic system. However, in contrast

to plasminogen, lipoprotein(a) has an inactive proteolytic

site. Lipoprotein(a) is considered to be an independent

risk factor for cardiovascular disease. Although the

function of lipoprotein(a) is still unknown, it is

speculated that lipoprotein(a) competes with plasminogen

for fibrin(ogen) binding sites, and so inhibiting

fibrinolysis and promoting thrombus formation.

Before the start of the training programme, median (inter-
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quartile range) lipoprotein(a) values in the male group

were 32 (11-63) mg/1 and in the female group 65 (23-199)

mg/1. After 24 weeks of training median (interquartile

range) serum lipoprotein(a) concentrations were elevated

significantly in both the male and female group. Moreover,

after 36 weeks of training, in preparation for the half

marathon competition, median lipoprotein(a) levels were

increased almost two-fold in both groups and were still

elevated five days later. It is speculated that lipo-

protein(a) is an acute phase reactant. The potentially

adverse effect of physical conditioning on lipoprotein(a)

levels, may actually represent a normal physiologic

response to the physical strain of an exercise programme of

increasing intensity.

In chapter 5, the long-term overall effect of physical

exercise on several blood coagulation parameters is

evaluated. Discussed are plasma factor VIII coagulant

(factor VIII:c) activity, von willebrand factor antigen,

thrombin-antithrombin III and fibrinogen concentrations.

Factor VIII:c activities and von Willebrand factor antigen

concentrations did not increase during the training

programme. In both groups, no significant changes in

plasma thrombin-antithrombin III concentrations were

observed during the training programme. In both males and

females, median plasma fibrinogen concentrations were not

enhanced after 24 weeks of training. However, after 36

weeks, fibrinogen levels were increased in the male group,

preparing for the 21.1 km race and were raised signifi-

cantly in both groups five days later. Because fibrinogen

is an acute phase reactant, the increase in fibrinogen

concentrations could be a physiologic response to the

intensified training sessions, in preparation for the half

m a r a t h o n r u n . ...... --.-•• , : •

i , ....

The long-term overall effect of habitual physical exercise
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on fibrinolysis, is studied in chapter 6. After the

training period, median plasma tissue-plasminogen activator

antigen concentrations remained essentially unchanged in

both the male and female population. In contrast, plasma

plasminogen activator inhibitor activities already were

significantly decreased in both groups after 24 weeks of

training and continued to decrease during the course of the

training programme. No increased fibrinolytic activity was

observed, since plasma D-dimer concentrations were not

changed after the test period.

In chapter 7 presents the non-acute effects of a long-term

exercise programme on blood platelets. Median (inter-

quartile range) pre-training values of platelet factor 4

and beta-thromboglobulin for the total group were 9 (5-35)

IU/ml and 69 (40-495) iu/ml, respectively. During the

course of the training programme, plasma platelet factor 4

concentrations increased steadily and significantly in both

the male and female group, together with a non-significant

rise in plasma beta-thromboglobulin. No difference existed

in median platelet factor 4 and beta-thromboglobulin

concentrations of the male and female population, before or

during the training programme. The significant elevated

concentrations platelet factor 4, a heparin binding

protein, in comparison to beta-thromboglobulin

concentrations, could be caused by recirculation of a

heparin mobilizable pool of platelet factor 4, normally

bound to the endothelium. Increased amounts of heparin-like

substances, produced by the body as a result of the

physical exercise, might be responsible for this effect.

In chapter 8, the effect of a nine months training

programme on the risk factor profile and the correlation

between these factors, is discussed. The training programme

induced a median increase in aerobic capacity (expressed as

Wmax) of 12% in the group men and 18% in the group women.
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These increases in Wmax did not correlate with any other

change in risk factors under investigation in this study.

Blood pressure was not altered, but body weight and body

mass index were significantly decreased in the male group

at the end of the training programme, together with a

significant reduction in percentage body fat in both

groups. In the group men, serum total cholesterol, LDL-

cholesterol and triglyceride concentrations decreased

significantly under the influence of the training sessions,

whether the observed reduction in serum lipid levels is a

primary effect of physical conditioning, or is caused by

the concomitant decrease in body weight, is not clear.

In both groups, a great and significant fall in plasma

plasminogen activator inhibitor levels was noticed. As a

consequence, the fibrinolytic potential of the blood could

have been increased. However, fibrinolysis was not

enhanced, since D-dimer levels remained unchanged.

Initial total cholesterol, LDL-cholesterol and triglyceride

levels correlated significantly with systolic blood

pressure, while diastolic blood pressure was correlated to

tissue-plasminogen activator antigen concentrations. Since

tissue-plasminogen activator antigen concentrations also

were significantly related to serum triglycerides, a trias

existed between the primary risk factors, blood pressure,

lipid levels and fibrinolysis. However, the changes in

these parameters under the influence of physical training,

were not interrelated.

Median serum lipoprotein(a) levels were significantly

increased in both men and women five days before the half

marathon run. Concomitantly, median fibrinogen concen-

trations were significantly elevated in men and non

significantly in women. Because both parameters are risk

factors for cardiovascular disease, this seems to be an

adverse effect of physical exercise. However, fibrinogen is

an acute phase reactant and it is speculated that

lipoprotein(a) has also acute phase properties. Increases
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in these parameters can therefore be a normal physiologic

response to small tissue damage and tissue repair as a re-

sult of a regular performed physical exercise.

In summary

Prolonged physical conditioning of moderate intensity

has beneficial effects on lipid and lipoprotein

concentrations of male runners, but does not

essentially influence lipid and lipoprotein profiles

in female runners.

An exercise programme covering increasing distances,

significantly increases lipoprotein(a) levels.

S An exercise programme of increasing intensity induces

>vp; physical stress, which has significant effects on

>;; plasma fibrinogen concentration, even at rest. But,

in contrast to acute post exercise effects, a regular

physical fitness programme does not induce a long-

term activation of the haemostatic system. : , .

Long-term physical conditioning leads to a marked

decrease in plasminogen activator inhibitor activity,

without an actual increase of fibrinolytic end

products.

-: Prolonged physical conditioning of increasing

- intensity is associated with mainly an elevation of

the platelet protein platelet factor 4 concentration.

A nine months exercise programme increases the

aerobic fitness in both men and women. This

improvement coincides but is not correlated with

beneficial changes in several anthropometric, lipid

and fibrinolytic factors. .-

The increases in lipoprotein(a) and fibrinogen

concentrations, both atherogenic indices, can

actually represent a normal physiological response to

the physical strain of exercise training of incre-

asing workload. ••"•/•• . ;fs-•'.- M : =. - • -.•:.•-•.-•..••
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SAMENVATTINQ

Dit proefschrift beschrijft de niet-acute effecten van een

negen maanden durend trainingsprogramma van toenemende

intensiteit op een aantal risicofactoren van hart- en

vaatziekten bij een groep gezonde vrijwilligers.

Verschillende parameters van de bloedstolling, fibrinolyse,

bloedplaatjes en vet-huishouding evenals nun onderlinge

relaties werden bestudeerd.

Hoofdstuk 1 geeft een algemeen overzicht van de diverse

risicofactoren voor hart-en vaatziekten en het mogelijk

gunstig effect hierop van lichamelijke inspanning.

Besproken worden de bekende risicofactoren, zoals roken,

een hoge bloeddruk en een hoog cholesterol gehalte en/of

een laag HDL-cholesterol-gehalte. Daarnaast wordt aandacht

besteed aan diverse risicofactoren voor cardiovasculaire

aandoeningen op het gebied van de hemostase, zoals

fibrinogeen en plasminogeen activator inhibitor. Tenslotte

wordt de rol van lipoproteine (a) als risicofactor

besproken.

Hoofdstuk 2 beschrijft de selectieprocedure van de

proefpersonen, de opbouw van het trainingsprogramma en de

methoden, welke gebruikt zijn voor de analyses.

Zevenenveertig mannen en vrouwen werden geselecteerd uit

370 inschrijvingen voor het trainingsprogramma. Twintig

mannen en 14 vrouwen hebben de gehele studie afgerond. De

deelnemers trainden 3 a 4 maal per week gedurende 9

maanden. Na 24 weken liepen alle vrijwilligers een

wedstrijd over 15 km en na 36 weken een halve marathon

(21,1 km). Zes weken voor iedere wedstrijd werd het

trainingschema geintensiveerd tot 5 a 6 maal per week

trainen. Inspanningstests op een fietsergometer en de

bepaling van diverse anthropometrische indices werden

uitgevoerd voor de start van het trainingsprogramma en 9
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maanden later. Bloedmonsters werden afgenomen voor de start

van het trainingsprogramma en, om acute effecten van de in-

spanning te vermijden, 5 dagen voor beide wedstrijden

evenals 5 dagen na de halve marathonloop.

In hoofdstuk 3 wordt de invloed van duurtraining op de

lipide- en lipoproteineconcentraties in serum en op enkele

anthropometrische parameters beschreven. Bij de groep

mannen nam het mediane lichaamsgewicht en de body mass

index na 9 maanden trainen significant af, terwijl bij de

groep vrouwen lichaamsgewicht en body mass index

ongewijzigd bleven. Het percentage lichaamsvet, bepaald

door het meten van 4 lichaamsplooien, was in beide groepen

significant gedaald.

Gedurende het trainingsprogramma nam de mediane totale

cholesterolspiegel, het LDL-cholesterol-gehalte en het

triglyceridegehalte in het serum van de mannelijke

deelnemers significant af, terwijl bij de vrouwen deze

parameters onveranderd bleven ten opzichte van de

uitgangssituatie. De veranderingen in serum lipide- en

lipoproteinegehaltes bij de mannen correleerden niet met de

afname in lichaamsgewicht, body mass index of het percen-

tage lichaamsvet. Multiple regressie analyse toonde aan dat

deze veranderingen het meest afhankelijk waren van de

initiele serum spiegels. Tenslotte, noch bij de groep

mannen noch bij de groep vrouwen nam de mediane HDL-

cholesterol spiegel significant toe.

> " ' i S S f ^ s j S K i : ; ? : - : - : , i b f f S ^ ; - . • * • • < • • . ' 7 . * - : i ' , • > ! • • • ; - ; v - - ' • • : « > , > • * • i ' - « • • • . . • • . • < : • . • . • • • > • ; • • ••:•*• :-•"•-;•. •.•.

In hoofdstuk 4 worden de resultaten gepresenteerd van de

invloed van regelmatige lichamelijke inspanning op het

serum lipoproteine(a) gehalte. Lipoproteine(a) , een op LDL-

cholesterol gelijkend lipoproteine, heeft een moleculaire

structuur, welke sterk overeenkomt met plasminogeen, een

belangrijk zymogeen van het fibrinolytisch systeem. Echter

in tegenstelling tot plasminogeen, bezit lipoproteine(a)

geen proteolytische activiteit. Lipoproteine(a) wordt
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beschouwd als een onafhankelijke risicofactor voor hart- en

vaatziekten. Hoewel de functie van lipoproteine(a) nog niet

opgehelderd is, zou net een remmer van de fibrinolyse

kunnen zijn, door interferentie met de binding van

plasminogeen aan fibrinogeen.

Voor de start van net trainingsprogramma waren de mediane

(interquartielen) uitgangswaarden van lipoproteine(a) in de

groep mannen 32 (11-63) mg/1 en bij de groep vrouwen 65

(23-199) mg/1. Na 24 weken trainen, waren de mediane

serumwaarden bij de groep mannen en vrouwen significant

toegenomen. Na 36 weken trainen waren de serumwaarden in

beide groepen bijna verdubbeld ten opzichte van de beginsi-

tuatie. Een verklaring voor dit schijnbaar ongunstige

effect van regelmatige sportbeoefening kan liggen in het

feit, dat lipoproteine(a) mogelijk een acute fase eiwit is.

Lipoproteine(a) spiegels zouden in deze studie toegenomen

kunnen zijn als reactie op de toenemende trainings-

intensiteit als voorbereiding op de beide wedstrijden.

Hoofdstuk 5 handelt over het lange termijn effect van

lichamelijke inspanning op diverse parameters van de

bloedstolling. Besproken worden de fluctuaties in plasma

factor VIII:c activiteit, von willebrand antigeen

concentraties, trombine-antitrombine III spiegels en

fibrinogeen gehaltes. De factor VIII activiteit en de von

willebrand antigeen concentraties namen niet toe als gevolg

van langdurig trainen. Noch bij de groep mannen, noch bij

de groep vrouwen werden wijzigingen gevonden in de mediane

plasma trombine-antitrombine III spiegels gedurende het

trainingsprogramma. Daarentegen was zowel bij de groep

mannen als bij de groep vrouwen de mediane plasma fi-

brinogeen concentratie na 36 weken gestegen, gemeten

tijdens de voorbereiding op de halve marathonwedstrijd. Een

toename in fibrinogeen, een acute fase eiwit, kan het

gevolg zijn van de toegenomen trainingsintensiteit als

voorbereiding op de halve marathon.
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In hoofdstuk 6 wordt het lange termijn-effect van

lichamelijke inspanning op de fibrinolyse besproken.

In beide groepen bleef de mediane plasma weefsel

plasminogeen activator concentratie onveranderd tijdens de

studie. Daarentegen daalde de mediane plasma plasminogeen

activator inhibitor activiteit in beide groepen significant

na 24 weken trainen en bleef het verder dalen gedurende de

rest van het trainingsprogramma. Een toegenomen fibrinolyse

werd echter niet waargenomen, aangezien de mediane plasma

D-dimeer concentratie niet veranderde gedurende de

trainingsperiode.

Hoofdstuk 7 beschrijft het effect van regelmatige

duursportbeoefening op de bloedplaatjes-activiteit.

Mediane (interquartielen) uitgangswaarden van de plaatjes-

specifieke eiwitten, plaatjesfactor 4 en beta-

tromboglobuline, waren respectievelijk 9 (5-35)IU/ml en 69

(40-495) IU/ml. Gedurende het trainingsprogramma nam de

plaatjes factor 4 activiteit significant toe in beide

groepen, terwijl de beta-tromboglobuline concentratie niet

significant steeg. De sterke stijging van plaatjesfactor 4,

een heparine-bindend eiwit, ten opzichte van beta-

tromboglobuline, zou kunnen duiden op het recirculeren van

een voorraad plaatjesfactor 4, gebonden aan de

vaatendotheelcellen. Dit zou veroorzaakt kunnen worden door

de toegenomen aanmaak van heparine-achtige substanties door

het lichaam als gevolg van de regelmatige duurtraining.

In hoofdstuk 8 wordt het effect van het negen maanden

durend trainingsprogramma op de gemeten risicoparameters

besproken, evenals de interactie tussen deze factoren. Het

trainingsprogramma veroorzaakte een toename in aerobe

capaciteit (uitgedrukt als Wmax) van 12% bij de groep

mannen en 18% bij de groep vrouwen. De toename in Wmax

correleerde niet met een van de andere veranderingen in de

gemeten parameters. :_ ? %«,T--V ;,• - r .- : : •. ^
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De bloeddruk bleef ongewijzigd. Het percentage lichaamsvet

nam in beide groepen significant af, tezamen met een afname

in lichaamsgewicht en body mass index bij de groep mannen.

In de groep mannen daalde tevens het totaal cholesterol,

het LDL-cholesterol en de triglyceride concentratie als

gevolg van de trainingen. Of de daling van de lipide

spiegels direct een gevolg is van de frequente trainingen

of veroorzaakt wordt door de gewichtsafname ten gevolge van

het trainen is niet duidelijk.

In beide groepen werd een sterke afname in de plasma

plasminogeen activator inhibitor activiteit waargenomen. De

hiermee gepaard gaande mogelijke toename in fibrinolytische

capaciteit van bloed, leidde niet tot een daadwerkelijke

toename in fibrine splits produkten. De wijzigingen in

lipide- en fibrinolytische parameters waren niet

gecorreleerd. De uitgangswaarden van het totaal

cholesterol, LDL-cholesterol en triglyceriden correleerden

significant met de systolische bloeddruk, terwijl de

diastolysiche bloeddruk gecorreleerd was met de plasma

weefsel plasminogeen activator activiteit. Aangezien de

beginwaarden van de plasma weefsel plasminogeen activator

antigeen concentratie ook gekoppeld waren aan de trigly-

ceridespiegels, bestond er derhalve een trias tussen de

primaire risicofactoren bloeddruk, serum lipidespiegels en

fibrinolyse. De wijzigingen in deze parameters onder

invloed van de trainingsessies waren echter niet

gecorreleerd. ' . •«

Bij zowel de mannen als de vrouwen namen de serum

lipoproteine(a) spiegels significant toe als gevolg van

regelmatige duursportbeoefening. Tegelijkertijd waren de

plasma fibrinogeen concentraties toegenomen. Aangezien

beide parameters risikofactoren zijn voor hart- en

vaatziekten, lijkt dit een ongunstig effect te zijn van

regelmatig trainen. Fibrinogeen is echter tevens een acute

fase eiwit en lipoproteine(a) mogelijk ook. Stijging in de

bloedwaarden van deze factoren zou derhalve een gevolg
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kunnen zijn van een normale fysiologische reactie op

lichamelijke stress.

Conclusies

Langdurige regelmatige lichamelijke inspanning heeft

een gunstig effect op serum lipide- en lipoproteine

concentraties bij mannen, maar beinvloedt de lipide-

en lipoproteine spiegels bij vrouwen niet

significant.

Een trainingsprogramma van toenemende intensiteit

•O; veroorzaakt een verhoging van serum lipoproteine(a)

spiegels.

Een trainingsprogramma van toenemende intensiteit

veroorzaakt lichamelijke stress, welke mogelijk de

oorzaak is van de verhoogde plasma fibrinogeen

spiegels. Echter, in tegenstelling tot de acute

effecten van trainen, leidt regelmatige duursportbe-

oefening niet tot een lange termijn toename van de

bloedstolling.

Regelmatige duurtraining induceert een sterke afname

in de plasminogeen activator inhibitor activiteit,

echter zonder een gemeten toename in fibrinolyse.

Langdurige training heeft een toename in het plaatjes

specifieke eiwit, plaatjes factor 4 tot gevolg.

~ Een negen maanden durend trainingsprogramma leidt tot

J .; een toename in aerobe capaciteit bij mannen en

-• vrouwen. Deze toename gaat gepaard met, maar is niet

j:; gecorreleerd aan, gunstige veranderingen in diverse

anthropometrische variabelen, parameters van de

vethuishouding en fibrinolyse.

De toename in de lipoproteine(a) en fibrinogeen

concentratie, beide risikofactoren voor hart- en

vaatziekten, zou echter ook een normale fysiologische

respons kunnen zijn op de steeds toenemende

intensiteit van het trainingsprogramma.
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