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BACKGROUND: von Willebrand factor is a blood glycoprotein

that is required for normal hemostasis. Its level can be increased by

endothelial cell damage.

HYPOTHESIS: von Willebrand factor is a suitable marker of

endothelial dysfunction.

METHODS: von Willebrand factor activity was determined by ELISA

in patients with acute coronary syndromes, acute stroke and chronic

vascular diseases, and was compared with the values of healthy controls.

RESULTS: von Willebrand factor activity of patients in each group

was significantly higher (P<0.001) than that of the control group.

The values of patients with acute coronary syndrome and acute

stroke were significantly higher (P<0.05 and P<0.01, respectively)

than those of patients with chronic vascular diseases. von Willebrand

factor activity was significantly higher in patients with acute coro-

nary syndrome and acute stroke (P<0.05 and P<0.01, respectively)

on the sixth day than on admission.

CONCLUSIONS: By measuring von Willebrand factor activity, a

considerable, significant difference could be found between healthy

people and chronic and acute vascular patients. The routine meas-

urement of von Willebrand factor activity in vascular patients as an

index of endothelial dysfunction may have clinical importance,

because detection of this marker can be a noninvasive way of assist-

ing diagnosis and indicating disease progression.
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Cardiovascular and cerebrovascular diseases are major causes
of death in adult and elderly patients in developed and

many developing countries. Atherosclerosis, a general, progres-
sive process affecting the vascular system, is the underlying dis-
ease in these clinical conditions. The ‘response to injury’
hypothesis of atherogenesis proposes that ‘injury’ to the
endothelium is the initiating event in this process (1).
Endothelial cells form a continuous flow surface throughout
the circulatory system and have numerous complex roles. The
importance of endothelial dysfunction is the impaired ability
of cells to participate adequately both in coagulation and fibri-
nolysis; these changes may predispose to thrombus and athero-
sclerosis formation (2). The most useful marker for vascular
damage could be a specific, stable, circulating product of the
endothelial cells.

von Willebrand factor (vWf) is a blood glycoprotein (GP)
that is required for normal hemostasis. A deficiency of vWf
results in von Willebrand disease, the most common inherited
bleeding disorder. The role of vWf in the pathomechanism of
different vascular diseases has been recognized only in the pre-
vious decade (3). vWf is produced by endothelial cells and
megakaryocytes throughout the body (3,4). Levels of circulat-
ing vWf are increased following endothelial cell damage (2)
and may also increase during acute phase responses, exercise
and pregnancy (5). Although vWf release may merely be due
to activated or stimulated endothelial cells (6), the highest
levels of vWf are often associated with severe disease, and it is
reasonable to assume that direct endothelial cell damage has

occurred. This has facilitated its possible use as a marker of
such injury in atherosclerosis (7).

vWf has four major functions. Factor VIII circulates in plasma
noncovalently complexed with vWf and appears to be stabi-
lized by this interaction. vWf may be viewed as forming a
molecular bridge as a part of the adhesion process between
platelets and the subendothelium of an injured vessel wall. In
the subendothelial matrix, vWf binds to some types of collagen
and heparin. vWf has a role in platelet aggregation with bind-
ing sites for specific platelet membrane GP Ib and GP IIb/IIIa
(7). In the absence of injury, vWf does not appear to interact
with circulating platelets. However, damage to the endothe-
lium allows vWf to bind constituents of subendothelial con-
nective tissue, and this enables vWf to bind platelets with
sufficient affinity  to snare them from the rapidly flowing blood
and retain them at the site of injury. A remarkable feature of
vWf-mediated platelet adhesion is its dependence on fluid
shear stress. At low and medium shear rates of veins and nor-
mal, healthy great arteries, platelet adhesion is not stimulated
by vWf. However, at a high shear rate, which occurs in small
arterioles of 10 µm to 50 µm diameter and above atheroscle-
rotic plaques in partially occluded arteries, platelet adhesion is
strongly dependent on vWf (3).

The aim of the present study was to determine vWf activity
as the marker of endothelium dysfunction in patients with
acute coronary syndromes (ACS), acute stroke and chronic
cardiovascular, cerebrovascular and peripheral vascular diseases
compared with healthy controls.
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PATIENTS AND METHODS
Patients
Control subjects were young, healthy people without any major

cardiovascular risk factors or symptomatic vascular diseases.

Patients in the chronic vascular disease groups had cardiovascular

or cerebrovascular events in their medical history (greater than

three months after onset), or peripheral vascular disease confirmed

radiologically. They were recruited in outpatient departments.

Patients with ACS were admitted to the authors’ coronary care

unit with acute heart symptoms, and routine examinations (elec-

trocardiogram, myocardial enzymes) confirmed the ACS in each

case. Troponin was increased in 78% of the cases (troponin-posi-

tive) and in 22% troponin remained in the normal range (tro-

ponin-negative cases). Patients with acute stroke hospitalized

within 24 h from onset were recruited for this study at the

Department of Neurology. Diagnosis was based on history and

clinical neurological and neuroradiological examinations, includ-

ing computed tomography and magnetic resonance imaging of the

brain. Acute focal ischemic stroke occurred in 50%, multiple

ischemic stroke in 20% and hemorrhagic stroke in 30% of cases

(Table 1).

All patients were asked about their medical histories, including

smoking habits, hypertension, diabetes mellitus and dyslipidemia,

and their body weight and height were assessed. Patients were

considered hypertensive if they were on antihypertensive agents,

or if their blood pressure was greater than 140 mmHg systolic or 

90 mmHg diastolic. Patients were considered to have diabetes

mellitus if they were being treated for diabetes mellitus with oral

antidiabetic agents or insulin or if their serum fasting blood sugar

level exceeded 7.0 mmol/L. Patients were considered hyperlipi-

demic if they were taking lipid lowering drugs or if their serum

cholesterol level exceeded 5.2 mmol/L or triglyceride level

exceeded 2.0 mmol/L. Patients were considered to be obese if their

body mass index exceeded 30 kg/m2. The incidence of vascular

risk factors is shown in Table 2.

Blood sampling
To detect vWf activity, venous blood samples were drawn from the

antecubital vein of patients into vacutainer tubes containing

trisodium citrate (3.2%) as an anticoagulant. Blood samples were

taken in patients with ACS and acute stroke on admission, day 2

and day 6; except for acute measurements, all blood samples were

drawn between 07:00 and 08:00, after 12 h of fasting. Low density

lipoprotein cholesterol concentration was estimated by the

Friedewald formula (8).

Measurement of vWf activity
A quantitative direct enzyme immunoassay (Shield Diagnostics

Ltd, United Kingdom) was used for the detection of vWf activity

(9). Plasma was separated by centrifugation for 10 min at 2500 × g,

then 100 µL plasma was dispensed into the wells of microtitre

strips coated with purified murine anti-vWf immunoglobulin G

monoclonal antibody. During the first incubation vWf bound to

the antibody layer, then the wells were washed to remove

unbound plasma components. A horseradish-peroxidase-labelled

mouse anti-human monoclonal anti-vWf conjugate bound to sur-

face-associated antibody during second incubation. After a further

washing step, specifically bound antibody was treated with sub-

strate solution. The amount of bound conjugate was given in

absorbance units measured with a Rosys Anthos 2010 absorption

photometer (Anthos Labtec Instruments Ltd, Germany). The

activity of vWf in a sample was estimated with interpolation

using a dose-response curve according to the “4th International

Standard for Factor VIII and von Willebrand factor in Plasma” (Code

97/586, National Institute for Biological Standards and Control,

United Kingdom).

Statistical analyses
Results were expressed as mean ± SEM. Values distributed nor-

mally were evaluated by Student’s t test to calculate statistical

significance (10).

RESULTS
None of the examined groups showed a significant difference
in the vWf activity between men and women. There was no
correlation between age and vWf activity in the control or
patient groups.

vWf activity was significantly elevated in all patients diag-
nosed with vascular diseases compared with the control group
(P<0.001) (Figure 1).

The vWf values of patients with acute coronary syndrome
and acute stroke were significantly higher than in patients with
chronic vascular disease (P<0.05 and P<0.01, respectively)
(Figure 2). In the subgroups of patients with chronic vascular
diseases, there was no significant difference among patients
with cardiovascular, cerebrovascular and peripheral vascular
disease. During the hospital phase, vWf activity in patients
with acute acute coronary syndrome and acute stroke increased
continuously and was significantly higher on day 6 than on
admission (P<0.05 and P<0.01, respectively) (Figure 2).

vWf activity was significantly (P<0.05) higher in troponin-
positive patients (2.53±0.12 IU/mL) with ACS compared with
the troponin-negative subjects (2.05±0.34 IU/mL). It showed an
increasing tendency in patients with hemorrhagic stroke
(2.70±0.18 IU/mL) and was significantly elevated (P<0.05) in
patients with multiplex ischemic stroke (2.93±0.21 IU/mL) com-
pared with focal ischemic stroke patients (2.44±0.13 IU/mL).

DISCUSSION
Vascular injury and thrombus formation are key events in the
origin and progression of atherosclerosis (11). Identification of

TABLE 1
Number, age and male:female ratio of controls and
patients

n Age (years) Male:female

Controls 23 36±12 14:9

Chronic vascular patients 56 67±10 38:18

Patients with ACS 29 67±13 18:11

Patients with acute stroke 15 67±12 10:5

Age is presented as mean ± SD. ACS Acute coronary syndromes

TABLE 2
Incidence of risk factors in patients with vascular disease

Chronic patients ACS Acute stroke

Smoking (%) 29 36 42

Hypertension (%) 88 75 92

Diabetes mellitus (%) 39 29 29

Hypercholesterolemia (%) 65 61 42

Hypertriglyceridemia (%) 29 36 17

Obesity (%) 61 62 31

ACS Acute coronary syndromes
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a molecule, that accurately reflects this injury, would be a use-
ful adjunct in the study of these pathogenic processes. Plasma
vWf is perhaps the most useful marker, because it is specific for
endothelial cells, it is stable, it may be relevant to the disease
process and it is simple to assay. Green first postulated that
vWf may be of value as a marker of endothelial injury in ath-
erosclerosis (12). 

Because endothelial cell injury is important in the develop-
ment of atherosclerosis, the elevation of vWf activity can be
associated with well-known risk factors for this disease: hyper-
tension, smoking, obesity, diabetes and dyslipidemia (7,13-16).
In our study, the group of chronic vascular patients was made
up of persons with chronic cardiovascular, cerebrovascular and
peripheral vascular disease. Our results showed that vWf activ-
ity was significantly increased in these patients compared with
control subjects. The majority of patients had some of the pre-
viously mentioned cardiovascular risk factors, which may
account for raised vWf activity and can refer to the endothelial
dysfunction and extensive atherosclerosis in these patients.
There were no significant differences in  vWf activity among
the subgroups (cardiovascular, cerebrovascular and peripheral
vascular diseases), suggesting that atherosclerosis is a general
syndrome and the different types of vascular diseases are man-
ifestations of the same disease localized at different sites of the
circulatory system. According to our results, none of the exam-
ined groups had significant difference in the vWf activity of
men and women. We did not find any correlation between age
and vWf activity within the control or patients’ groups. The
measurement of vWf activity may be of clinical value in two
ways: as a noninvasive way of assisting diagnosis, or as an indi-
cator of disease progression (16).

Because vWf is important in the aggregation of platelets
and their adhesion to subendothelial cells, increased levels of
circulating vWf per se may promote atherosclerosis and con-
tribute to cardiovascular events (17). Critical steps during the
development of ACS are the disruption of atherosclerotic
plaque and the superimposed formation of platelet-rich throm-
bus leading to subtotal or total occlusion of the coronary circu-
lation (18). Pathological stenosis can directly lead to
shear-induced aggregation of platelets depending on the pres-
ence of plasma vWf and platelet receptors GP Ib/IX and
GP IIb/IIIa. In patients with ACS, significant increases of high

shear-induced platelet aggregation and plasma vWf levels were
observed compared with patients with chronic coronary artery
disease (19). According to our results, the values of patients
with ACS were significantly higher than in the control group
and in patients with chronic vascular disease. The significantly
higher vWf activity in acute phase suggests on one hand, more
severe endothelium dysfunction, and on the other hand, that it
is related to the development of the acute event through
increased platelet adhesion and aggregation. During the hospi-
tal phase, vWf activity in patients with ACS increased contin-
uously and on day 6 was significantly higher than on
admission. The increase of vWf after an acute event can be
caused by the endothelial lesion, adrenergic stimulation or the
acute phase reaction (20), and can lead to early reocclusion
and reinfarction despite recanalization and antithrombotic
therapy. The significantly higher vWf activity in troponin-
positive patients with ACS compared with troponin-negative
subjects can be associated with the distinct pathomechanisms
or different severities of these two subtypes of ACS.

Abnormalities of coagulation and fibrinolysis may play an
important role in the pathogenesis of ischemic stroke and vas-
cular dementia. Recent evidence indicates that high shear-
induced platelet aggregation is increased in patients with
atherothrombotic stroke and transient ischemic attacks and is
correlated with the increase of larger vWf multimers (21). This
association between vWf and cerebral thrombosis may reflect
either endothelial dysfunction associated with cerebral throm-
bosis (or its risk factors, such as hypertension) or ischemia-
related release of vWf from infarcted tissue (16). Patients with
thrombotic strokes have higher vWf concentrations than
those with hemorrhagic strokes (22) but, according to other
studies, there is no significant difference in vWf between the
three pathological subtypes of stroke (ischemic/thrombotic,
hemorrhagic and transient ischemic attack) (23). In our inves-
tigation, vWf values of patients with acute stroke were signifi-
cantly higher than in patients with chronic vascular diseases.
As with patients with ACS, vWF increased during the hospi-
tal phase and on day 6 it was significantly higher than on
admission, which may be analogous to the ACS cases. vWf
activity was significantly elevated in patients with multiplex
ischemic stroke compared with focal ischemic stroke patients.
These results can also refer to the distinct pathomechanisms or
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Figure 1) von Willebrand factor (vWf) activity of patients and control
group (mean ± SEM). ACS Acute coronary syndromes; AS Acute
stroke. †P<0.05; ‡P<0.01; *P<0.001
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Figure 2) von Willebrand factor (vWf) activity of patients with acute
coronary syndromes (ACS) and acute stroke (AS) on admission,
day 2 and day 6 (mean ± SEM). †P<0.05; ‡P<0.01)
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different severities of the subtypes of acute stroke. Improved
understanding of the pathogenesis of stroke and the potential
to predict patients at risk of stroke should herald the beginning
of new approaches in stroke management.

There is sufficient evidence to suggest that vWf may be a
useful tool for clinical evaluation. The physiological functions
of the protein have led to suggestions that increased circulat-
ing concentrations of vWf may be relevant to coronary artery
disease, but epidemiological studies have been inconclusive.
Perhaps vWf is a marker of systemic inflammatory process, or a
marker of factors that may produce local endothelial damage,
or just a marker of the extent of subclinical atherosclerosis.
Previous studies also suggest an association between vWf levels
and risk of future coronary artery disease, but further studies
have been proposed to determine whether this association is
causal (24).

Study limitations
The control group was significantly younger than the patient
group; nevertheless, there was no correlation between age and

vWf activity in the control or patient groups. Our results
require further confirmation in a larger population.

CONCLUSIONS
Our study adds further evidence that vWf activity may prove
to be a suitable marker of endothelial dysfunction. By meas-
uring vWf activity, a considerable, significant difference
could be found between healthy people and chronic and
acute vascular patients. We demonstrated a relationship
between vWf activity and the severity of vascular diseases.
The routine measurement of vWf activity in vascular
patients as an index of endothelial dysfunction may have
clinical importance because determination of this marker can
be a noninvasive way of assisting diagnosis and indicative of
disease progression (16).
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