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von Willebrand factor and its relevance to
cardiovascular disorders

Gregory Y H Lip, Andrew D Blann

Abstract
In the past decade the importance of the
vascular endothelium in cardiovascular
pathophysiology has become more appar-
ent. One substance that is synthesised by
and stored in endothelial cells is von
Willebrand factor (vWF). When released,
vWF seems to mediate platelet aggrega-
tion and adhesion to the vascular
endothelium. Because the release of vWF
is increased when endothelial cells are
damaged, vWF has been proposed as an
indicator of endothelial disturbance or
dysfunction. The availability of such an
index of endothelial dysfunction may have
clinical value, because measurement of
such a marker can be a non-invasive way
of assisting in diagnosis or as an indicator
of disease progression. The known associ-
ation between vWF, thrombogenesis, and
atherosclerotic vascular disease also sug-
gests that high concentrations of vWF
may be an indirect indicator of athero-
sclerosis and/or thrombosis. In addition,
high vWF concentrations have prognostic
implications in patients with ischaemic
heart disease and peripheral vascular
disease.
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It has long been recognised that abnormalities
in the blood vessel wall, blood flow, and blood
constituents may increase the tendency for
thrombus to form (Virchow's triad). However,
it is now apparent that the process of throm-
bus formation (thrombogenesis) requires com-
plex interactions involving endothelial injury;
platelet adherence, aggregation, and release;
thrombin generation; and fibrin formation.1
We are increasingly aware that the vascular

endothelium is involved in the production of
many substances that are intimately associated
with the regulation of vessel tone and perme-
ability, haemostasis, fibrinolysis, and synthesis
of growth factors. The release of substances
inhibiting contraction (for example, endothe-
lial derived relaxing factor or EDRF) and
platelet activation are examples of protective

mechanisms that maintain normal blood pres-
sure and cardiovascular haemodynamics.

Another substance, von Willebrand factor
(vWF), is synthesised by and stored in
endothelial cells. It seems to be important in
mediating platelet aggregation and adhesion to
the vascular endothelium and subendothe-
hium.2 Because vWF release increases when
endothelial cells are damaged, the concentra-
tion ofvWF has been proposed as an indicator
of endothelial disturbance or dysfunction.3
The availability of such an index of endothelial
dysfunction may have clinical value because
measurement of such a marker can be a non-
invasive way of assisting in diagnosis or as an
indicator of disease progression (table 1).
Endothelial dysfunction is, of course, impor-
tant because this can change the ability of the
cell to participate adequately in both coagula-
tion and fibrinolysis; these changes may pre-
dispose to thrombus and atherosclerosis
formation.1 3

Ischaemic heart disease
The association between vWF concentrations
and ischaemic heart disease is well recognised.
There is an association between vWF and the
clinical severity of angina, indicating a role for
endothelial dysfunction in the pathogenesis of
coronary artery disease, and changes in vWF
concentrations with acute myocardial infarc-
tion have been found. The mechanism for this
release of vWF in acute myocardial infarction
may be related to the generation of free radi-
cals that follows myocardial infarction and

Table 1 vWF as a marker of endothelial dysfunction in
vascular disorders

Associations between vWF and the following cardiovascular
disorders and risk factors have been reported:

Cardiovascular disorders
*Ischaemic heart disease*
*Peripheral vascular disease*
*Left ventricular aneurysms
*Atrial fibrillation
*Pulmonary vascular disease
OCerebrovascular disease
*Deep venous thrombosis

Cardiovascular risk factors
ODiabetes
*Hypertension
*Homocysteinuria
*Hypercholesterolaemia
*Smoking

*vWF may have prognostic implications in these conditions.
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reperfusion.4 Patients with angiographic
patency after thrombolytic therapy with
alteplase (tissue plasminogen activator, rt-PA)
also demonstrate a fall in vWF within 24 hours
of thrombolysis, when compared with patients
with an occluded artery.5
An hour after inflation in percutaneous

transluminal coronary angioplasty vWF
increases, indicating endothelial injury (which
is associated with increased free radical activ-
ity).6 This suggests endothelial disturbance
after free radical generation which occurs with
reperfusion during angioplasty.
vWF also seems to be an index of the

increased risk of reinfarction and mortality in
survivors of myocardial infarction. In a
prospective follow up study of 123 survivors of
myocardial infarction, high concentrations of
vWF were independently associated with both
reinfarction and death.7 Similarly, in the
PLAT (Progetto Lombardo Atero-Tombosi)
study, vWF concentrations were a significant
predictor of atherothrombotic events in
patients with angina pectoris. In a 16 year
follow up study of 1393 men, Meade et al
reported that increased concentrations ofvWF
were significantly associated with fatal
ischaemic heart disease.9
The precise mechanism by which vWF

increases risk in patients with ischaemic heart
disease remains unknown. Because of the role
of vWF in both adhesion and aggregation of
platelets and in coagulation, the increased
concentrations of vWF may increase the risk
of thrombus formation in patients with pre-
existing disease of the vascular wall, such as
coronary artery disease, and thus lead to fur-
ther reinfarctions. Alternatively, increasing
endothelial damage in coronary artery disease
may result in increased thrombin generation,
resulting in higher concentrations ofvWF.

Left ventricular dysfunction
In a study of patients with ischaemic heart dis-
ease and cardiac dysfunction (as defined by
radionuclide ventriculography) those with left
ventricular aneurysms had the highest concen-
trations of plasma vWF.'0 This may be
explained by two possible mechanisms.
Firstly, these patients seem to have the great-
est endothelial dysfunction (as reflected by
vWF concentrations), potentially leading to
the most intravascular thrombogenesis (this is
consistent with the high plasma concentrations
of D-dimer being found in these patients).
Secondly, patients with the highest vWF con-
centrations have the greatest cardiovascular
risk and consequently these patients may sus-
tain the largest myocardial infarctions, or
recurrent infarctions,7 resulting in the most
cardiac "damage" and subsequent aneurysm
formation.

Traditionally, heart failure has been
regarded as being caused by abnormalities in
the systolic or contractile function of the heart.
However, 30-40% of patients with congestive
heart failure have normal systolic function.
Endothelial dysfunction may thus be related to
abnormalities of diastolic function seen in

ischaemic heart disease. However, in a
Doppler echocardiographic study of 106
patients with ischaemic heart disease, there
were no significant differences in vWF con-
centrations between patients with and without
diastolic dysfunction."

Atrial fibrillation
The risk of stroke and thromboembolism is
increased in atrial fibrillation. In a cross sec-
tional study of 85 patients with atrial fibrilla-
tion, plasma concentrations of vWF were
appreciably increased and were not altered by
treatment with aspirin or warfarin."I
Concentrations of vWF were independent of
the. underlying cause of atrial fibrillation.'2
There was also a modest correlation between
plasma vWF and fibrin D-dimer, which is an
index of fibrin turnover and thrombogenesis.d 2

This correlation accords with the association
between abnormalities of the blood vessel wall
(thus, endothelial) and thrombus formation
(as part of Virchow's triad).

Peripheral vascular disease
Concentrations of vWF are increased in
patients with peripheral vascular disease. In
the Edinburgh Artery Study, concentrations of
vWF were significantly higher in 121 study
cases than in matched controls.'3
The increased concentrations of vWF in

patients with claudication may be due to the
cytotoxic products of activated neutrophils.'4
This increase in vS1F was associated with a
consumption of the antioxidant glutathione
peroxidase, implying the possible role of cyto-
toxic reactive oxygen species. Further evidence
of the possible role for these toxic species is
provided by the inverse relation between vWF
and glutathione peroxidase in patients with
hypercholesterolaemia and/or concomitant
vascular disease. '4
vWF also has prognostic value in patients

with peripheral vascular disease. For example,
increased concentrations of vWF predict poor
outcome of infrainguinal bypass grafting.'5 In a
one year follow up of 617 patients with claudi-
cation, an increased vWF concentration
increased the risk of a coronary event by 1.3,16
but not as much as increases in cross linked
fibrin degradation products (2 6) and plasma
viscosity (1-8).16

Pulmonary vascular disease
The pulmonary vasculature also seems to
influence plasma vWF concentrations. For
example, in primary pulmonary hypertension
the pulmonary endothelial cells show evidence
of injury, and increases in plasma vWF have
been shown in this condition. 17 Increased
plasma vWF was also found in patients with
increased pulmonary vascular resistance and
decreased cardiac output, irrespective of the
presence of mitral stenosis.'8 These findings
accord with a haemodynamically induced
increase in the endothelial release ofvWF.
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Hypertension
Concentrations of vWF were significantly
increased in patients with hypertension and
normal in patients in whom hypertension was
successfully treated.'9 Microalbuminuria
(defined as the excretion of urine albumin of
between 20 and 200 ,ug/min) and endothelial
dysfunction also co-exist, suggesting that
microalbuminuria reflects systemic dysfunc-
tion of the vascular endothelium.0 In hyper-
tensive patients vWF concentrations were
higher in those with microalbuminuria than in
those without or in controls.20

Varizi et al also reported high vWF concen-
trations in hypertensive patients, which were
related to diastolic blood pressure; there was
also a modest correlation with the thickness of
the left ventricular posterior wall and ventricu-
lar septum, and with the left ventricular mass
index.2' This is important because the pres-
ence of left ventricular hypertrophy is another
index of hypertensive target-organ damage,
and such patients are at high risk of cardiovas-
cular events.
Mean vWF concentrations were signifi-

cantly higher in women with pregnancy-
induced hypertension and pre-eclampsia than
in healthy pregnant women, and concentra-
tions correlated with the severity of the condi-
tion.22 This may indicate a role in the
microangiopathy observed in the disease.

Clearly, hypertension can promote
endothelial dysfunction or damage, but it has
been suggested that endothelial damage can
promote hypertension.2' In addition, the pres-
ence of such endothelial damage may be one
mechanism by which patients with hyperten-
sion are at risk of thromboembolism. Whether

Table 2 vWF concentrations in cardiovascular disease: cause or consequence?

vWF as a likely "cause" ofcardiovascular disease
*vWF concentrations have a hereditary influence
*High vWF concentrations are found after endothelial injury by smoking, hypertension or
hyperlipidaemia
*Association between vWF with the clinical severity of angina
*Raised plasma vWF concentrations preceed cardiovascular events-for example, in predicting
reinfarction after myocardial infarction7 and in patients with peripheral vascular disease5 16
*In patients with inflammatory vascular disease, high vWF concentrations predict mortality,
disease progression, and cardiovascular events28
*Increases in plasma vWF concentrations in many cardiovascular disorders and atherosclerosis
risk factors are not always associated with an active acute phase response

vWF as a "consequence" of cardiovascular disease
*vWF concentrations may be increased by glucocorticoids and cytokines such as interleukin-l
and tumour necrosis factor (TNF) which are produced by monocytes and macrophages
*Increased vWF concentrations may simply reflect endothelial activation or stimulation and
not endothelial dysfunction. Thus occlusive disease of arteries by (for example) thrombus may
cause a reactive increase in vWF in the circulation.

The precise mechanism for the increase in vWF in cardiovascular disorders remains uncertain,
although a cytokine-mediated increase in synthesis is likely to be the common pathway.

Table 3 Measures suggested in modulating concentrations ofvon Wilebrandfactor
*Control of risk factors, including obesity, may reduce vWF concentrations
*Lower concentrations ofvWF may be obtained in diabetics who are able to control their
ketoacidosis
*Patients with coronary atherosclerosis who had been on a strict diet to reduce their cholesterol
had lower concentrations ofvWF than a similar cohort who were not intensively dieted
*Conventional lipid lowering treatment also lowered vWF in hypercholesterolaemic patients
with and without symptomatic vascular disease
*Abstention from smoking and control of hypertension reduces vWF
*(Possibly) the use of hormone replacement therapy (HRT) in women with premature
menopause

The central role ofvWF in thrombogenesis and atherogenesis has made it a target for research into
antithrombotic treatments centred on antibodies, peptides, or other compounds that inhibit
vWF function that have been suggested as new anticoagulants.

or not this relation also extends to the associ-
ated complications of hypertension remains to
be seen.

Cerebrovascular disease
High concentrations of vWF are associated
with ischaemic cerebrovascular disease.2425
Patients with thrombotic strokes have higher
vWF concentrations than those with haemor-
rhagic strokes.25 This association between
vWF and cerebral thrombosis may reflect
either endothelial dysfunction associated with
cerebral thrombosis (or its risk factors, such as
hypertension) or ischaemia related release of
vWF from infarcted tissue. The precise mecha-
nism, however, remains unknown.

Deep venous thrombosis
High concentrations ofvWF have been associ-
ated with an increased incidence of throm-
boembolic events. For example, early work
reported an association between vWF concen-
trations and deep venous thrombosis.26 The
prospective value of vWF was also demon-
strated in a study of patients after major
abdominal surgery where high preoperative
concentrations of vWF were associated with
an increased risk of postoperative deep venous
thrombosis.27

Modulating vWF?
Because there is compelling evidence that high
concentrations of vWF are to be avoided,
methods should be sought to reduce to reduce
the production of vWF. There is also debate
whether the high vWF concentrations seen in
cardiovascular disorders are the cause or con-
sequence of the disease process (table 2).
vWF does not seem to be affected by con-

ventional protocols for non-pharmacological
cardiovascular intervention. Methods to
reduce vWF thus remain experimental, and as
yet there are no definitive methods of thera-
peutically altering plasma vWF concentra-
tions. In addition, there is no evidence that
measures to reduce circulating vWF will have
beneficial effects. However, because vWF is
increased in each of the four major risk factors
for atherosclerosis (hypertension, hypercholes-
terolaemia, smoking, and diabetes) then this is
perhaps one area where progress may be made
(table 3).

Conclusion
Much has been learnt about the cellular and
molecular biology ofvWF since the distinction
was made between this protein and factor VIII
nearly 20 years ago. Many case-control studies
support the hypothesis that high concentra-
tions ofvWF are an index of atherosclerosis or
of an increased risk of thrombogenesis or both.
von Willebrand factor may therefore be a good
marker for endothelial dysfunction in various
diseases. Furthermore, it may be involved in
the disease process by making a considerable
contribution towards thrombogenesis and
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atherogenesis via platelet adhesion and aggre-

gation.
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