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aDepartment of Immunology, Genetics and Microbiology, Faculty of Medical Sciences, University of Warmia and
Mazury in Olsztyn, Poland
bInstitute of Physical Culture, Kazimierz Wielki University in Bydgoszcz, Poland
a r t i c l e i n f o

Article history:

Received 8 January 2013

Accepted 20 September 2013

Available online 25 September 2013

Keywords:

Von Willebrand factor

vWf:Ag

vWf:CBA

Exercise

Von Willebrand disease
nt matter & 2013 Warmi

1016/j.poamed.2013.09.00

to: Department of Immu
Jagiellońska 78, 10-357 O
.r.paczuski@wp.pl (R. Pac
a b s t r a c t

Introduction: Physical exercise causes a range of physiological changes including the release

of hemeostasis proteins to blood. Among them very important is von Willebrand factor

(vWf) which is involved in both platelet adhesion and coagulation cascade.

Aim: The task of the study was to evaluate the effect of moderate physical exercise on

plasma concentration and activity of vWf.

Material and methods: The impact of physical effort on vWf0s concentration (vWf:Ag) and

activity (vWf:CBA) underwent analysis in a group of 42 people (22 men and 20 women) aged

19–22, mean 20 years, SD 8 months). The effort consisted of 35 min of swimming in an

indoor swimming pool.

Results and discussion: An increase of both parameters after exercise was observed in whole

group, reaching mean values 58% and 69%, correspondingly, SD 60%. A big difference in

reaction after effort was observed between the male and female group. In the male group

the scale of vWf:Ag increase was higher than in female group, with increase of the mean

value from 105%, SD 26% before the effort to 189%, SD 81% after the effort. In the female

group the same mean parameter changed from 92%, SD 18% before to 120%, SD 23% after

exercise. These differences were reflected in similar manner in the increase in vWf:CBA

activity, which was 96%, SD 24% before and 134%, SD 46% after the exercise.

Conclusions: Even a moderate exercise significantly increases vWf levels and changes

coagulation parameters.
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1. Introduction

Physical effort causes a range of physiological changes in an
organism, among which the release of hemeostasis proteins to
blood is an important but not thoroughly recognized one. One of
the most important among these proteins is von Willebrand's
factor (vWf). It is a glycoprotein with molecular mass up to
20�106 D possessing complex adhesive functions, and playing
at least two functions (1) enables blood platelets adhesion on
site of vessels’ wall damage and (2) transports the coagulation
factor VIII (FVIII) and protects it against proteolysis (II).16,17

vWf is synthesized in megacarocytes and endothelium of blood
vessels and released in a continuous (I) and controlled (II)
manner. Measurements of plasma concentration (vWf antigen
– vWf:Ag) and vWf activity, such as ristocetin cofactor (RCof)
collagen binding assay for vWf (vWf:CBA), are necessary for the
diagnosis of congenital or acquired bleeding disorders, especially
of the von Willebrand's disease (vWD) and thrombotic throbo-
penic purpura (TTP).2,3,5 It is also indicated that the measure-
ments of vWf are useful in the monitoring of the endothelium
activation or damage. Along with pathological processes, phy-
siological factors such as physical effort, stress or pregnancy
significantly affect concentration and activity of plasma vWf.
Also various genetic factors including ABO blood group poly-
morphism influence it and for this reason the results of
population studies on the incidence of vWf abnormalities differ
significantly.4,15,17 The impact of physical effort being probably
the most common interfering factor, in spite of being listed in
publications, is not researched thoroughly. Publications con-
cerning this issue are based on, for the most part, small group of
subjects, and, moreover, it is difficult to determine the reason for
changes – whether they were caused by physical effort itself or
perhaps tissue constriction or local circulation stasis.7,8,9,10,20,24,27
2. Aim

The aim of our research was to evaluate the process of
releasing vWf in experimental method, which excludes or
minimalizes phenomena connected with tissue constriction as
a factor stimulating the release of vWf. In order to carry out
these assumptions, we chose swimming as an optimal model
of exercise, evaluating changes of plasma concentration (vWf:
Ag) and activity (vWf:CBA) of vWf.
3. Material and methods

The research aimed at evaluating the process of vWf release,
as a result of physical effort, excluding the impingement of
injuries or tissues pressure and tourniquet. The study was
conducted on the group of 42 volunteers, 22 females and 20
males aged 19–22 (20.070.70 years) trained in swimming. The
levels of swimming abilities across the group were similar and
determined intermediate. Blood used to determinate vWf:Ag
concentration and vWf:CBA activity was drawn approximately
10min before a 35-min period of freestyle swimming and
immediately afterwards. Blood was drawn in accordance with
standard procedure from cubital vein, using sodium citrate
(in 1:9 ratio) as anticoagulant, centrifuged for obtaining platelet
poor plasma, which was then frozen and stored until the
examination date in a refrigerator at the temperature �201C.
Concentration of vWf (vWf:Ag) was determined using enzyme-
linked immunosorbent assay (ELISA) with the application of
commercial DAKO (Denmark) reagents according to the com-
pany recommended procedure. The measurements of vWfs
activity were performed using the test of vWf:CBA according to
Falvarolo procedure taking into account own modifications of
the flattening process (using Sigma, USA, human collagen type III
and DAKO conjugate).3,12 The research was carried out upon the
approval of the committee of bioethics, as well as a written
approval of a subject. The project was approved by regional
bioethics committee and followed by confirmed agreement of all
participants according to required procedure.
4. Results

The examinations conducted have shown that the physical
effort of 35-min swimming caused a considerable increase of
the plasma vWf concentration and activity. Both parameters
evaluated in the group increased considerably – vWf:Ag by
58%, vWf:CBA by 69%. Along with the differences in ontoge-
netic reaction to the effort, a statistically considerable differ-
ence between the male and female group was observed
(Tables 1 and 2, Figs. 1–4). In the male group vWf activity
(AWF:Ag) was increasing by 81% on average, and its vWf:CBA
activity by 99% (po.001, Tables 1 and 2). In the female group
the scale of increase was lower and reached 28% for vWf:Ag
and 36% for vWf:CBA activity (po.001, Tables 1 and 2). The
subjects differed considerably in the scale of reaction to effort,
differing both in the scale of increase of vWf:Ag plasma
concentration and vWf:CBA plasma activity. Some individuals
showed no reaction after effort while some others reacted with
extremely high release of vWf to blood reaching almost 300%.
Individual measurements of their changes are illustrated in
Figs. 1–4. The change in the coefficient of correlation between
vWf concentration and activity before and after the effort was
also observed. The coefficient of Pearson's correlation between
vWf:Ag and vWf:CBA has changed after exercise. Before the
exercise its value was 0.69 (po.001; Fig. 5), and after the
exercise it increased to 0.92 (po.001; Fig. 6).
5. Discussion

In all examined volunteers, the exercise consisting of a 35-min
swim caused the increase in vWf:Ag concentration and vWf:CBA
activity of vWf in blood. Observed interontogenetic differences
are considerable (Figs. 1–4), yet they do not affect statistic
inference. Significant statistic differences were observed in the
scale of vWf concentration and activity increase between male
and female groups. Physical effort has been deemed the reason
for vWf increase in blood; yet, as we have determined in the
introduction, literature data confirming this fact are not numer-
ous, while for vWf:CBA activity there are none at all. The results
of early experiments were not clear, and in some subjects the
exercise caused the release of vWf,20 and in it others did not.18 At
present, this fact leaves no doubt. The highest two- and threefold
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Fig. 1 – Individual changes of plasma concentration of vWf
(vWf:Ag) in male group (n¼20) after 35 min of swimming.
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Fig. 2 – Individual changes of plasma concentration of vWf
(vWf:Ag) in female group (n¼22) after 35 min of swimming.

0

100

200

300

400

500

vW
f:C

B
A

 (%
)

Fig. 3 – Individual changes of plasma activity of vWf (vWf:
CBA) in male group (n¼20) after 35 min of swimming.

Table 1 – The plasma concentration of vWf (vWf:Ag) in male group (n¼20) and female group (n¼22) before and after 35 min
of swimming.

Study group Before effort, % After effort, % P-value Difference of vWf:Ag, %

Mean SD Mean SD Mean SD

Male 105 26 189 81 o.001 84 71
Female 92 18 120 23 o.001 28 20
Total 99 23 156 70 o.005 58 60

Table 2 – The plasma activity of vWf (vWf:CBA) in male group (n¼20) and female group (n¼22) before and after 35 min of
swimming.

Study group Before effort, % After effort, % P-value Difference of vWf:CBA activity, %

Mean SD Mean SD Mean SD

Male 96 34 195 85 o.001 99 67
Female 98 24 134 46 o.001 36 37
Total 97 29 165 74 o.001 68 63
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Fig. 4 – Individual changes of plasma activity of vWf (vWf:
CBA) in female group (n¼22) after 35 min of swimming.
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increase of plasma concentration was observed as a result
of a long-distance run.7,27 Admittedly there is a report on vWf
increase up to 800%; nonetheless, in the evaluation of probability
for such a significant increase it should be treated with caution.24

In other experiments the increase in vWf level was observed
as well, but was not that significant, since it was in the range
of 10%–80%.6,8,9,10,11,14,19,22,25,26 The differences in the method of
evaluation (gait, run, bike, cycloergometer) influenced the dis-
crepancies in the scale of increase. The duration of exercise
proved to be significant as well, along with the increase in
the duration, vWf, activity and concentration increased as well.
The increase in vWf concentration occurred for 15min following
the exercise, and then normalization was commencing.13,23
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Fig. 5 – Correlation between plasma concentration of vWf (aWf:Ag) and its activity (vWf:CBA) in group of 42 volunteers before
effort (Pearson's correlation coefficient r¼0.69; po.001).
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Fig. 6 – Correlation between plasma concentration of vWf (aWf:Ag) and its activity (vWf:CBA) in group of 42 volunteers after
35 min of swimming (Pearson's correlation coefficient r¼0.92; po.001).
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The subject’s age turned out to be significant as well, as
the phenomenon apparently manifested itself in persons
aged 20–30 years.22,23 Simultaneous application of desmopressin,
a medication stimulating the release of vWf in people under
exercise, showed that the effect of their simultaneous interaction
did not sum up.26 The differences in correlation coefficient
between the concentrations of vWf activities above observed
before and after the effort should be indicated as well (Fig. 5).
Higher correlation coefficient after exercises than before them
indicates that the main constituent of the phenomenon is
releasing active vWf molecules, and the discrepancies of vWf:
CBA to vWf:Ag ratio observed between subjects should rather be
accounted for by means of differences between individuals in
proteolysis and vWf elimination from blood.

In spite of the facts above, there can be some reservations
about the methodology of research conducted and interpreta-
tions of their results, indicating other possible reasons for vWf
release, e.g. recurring local tissue constriction or circulation
stasis. The report that even the kind of shoes worn or their lack
can influence test results indicate that special caution in the
evaluation of examinations on exercises should be preserved.
The rate of feet tissue endothelium excitation was responsible
for these differences.21 The sort of exercise applied in our
research, consisting of swimming in swimming pool is an
optimal model of an experiment, as it excludes the factors
similar to those cited above and eliminates other reasons for
releasing vWf into blood. However, it should be assumed that in
most situations the mechanism of releasing vWf as a result of
exercise is complex, entailing both local and systemic factors.

The most surprising results of our experiment are the
individual differences in reaction to physical effort (Figs. 1–4).
Probably they are responsible for the confusing differences in
conclusions after early studies on the effect of exercise on vWf
concentration.18,20 The individual differences of reaction after
exercise may significantly affect various aspects of diagnostics
and therapy, especially including the diagnosis of vWD and
application of exercise therapy in arteriosclerosis.

Another interesting observation that we have not come
across analyzing literature data is the assertion of a significant
difference in men's and women's reaction to exercise. In men
both vWf:Ag concentration and its vWf:CBA activity increased
threefold in comparison with women (Tables 1 and 2, Figs. 1–4).
This difference might have been overlooked by other researchers
since only the representatives of one sex underwent scrutiny
or there have been disproportions within the group.6,10,13,19,23,25

Usually only men were examined7,9,14,23 or they dominated the
group. The fact that even small, 5- or 7-person groups underwent
examination is probably of significance as well.1,7 Both physical
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conditions (pool size, temperature of water and air), exercise
duration, and swimming skills level in both groups
did not differ, thus they should not be considered the reason.
Admittedly, subjective factors cannot be excluded, e.g. a more
ambitious attitude towards the set task, and so putting more
effort into it in male groups, but it is not very likely that it might
be the reason for threefold increase scale. The effect observed in
all probability reflects the differences in physiology in both sexes.
It might also reflect old evolutionary differences in behavior, in
which female sex is more apt to injuries during the effort. It is
worth underlining that the increase is a temporary phenom-
enon, followed by normalization. Even a long-term training of
several months has no bearing on plasma concentration of vWf,
if we should assess them a couple of days following the training.

The insensitivity of vWf increase after exercise explains
problems with vWD diagnosis and indicates the necessity of
verifying the blood sampling procedure. On the other hand the
big difference in recorded parameters of vWf:Ag and VWf:CBA
between the male and female group may be partially respon-
sible for higher incidence of atherosclerosis and myocardial
infarction among men. And there consists a strong argument
on significance of vWf in patomechanism of these diseases.
6. Conclusions

The experimental model of the moderate physical exercise
based on 30 min of swimming induced significant increases
in the levels vWf activity and concentration in the blood. For
these reasons even moderate exercise can change the coa-
gulation parameters. This fact indicates the need for verifying
blood sampling procedures for measurements of vWf.
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