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Haemorheology and CVD:
what clinical viscosity
could tell us

With the association between plasma viscosity and cardiovascular disease having been

documented extensively and for some time, David Norcliffe and David Manuel revisit

some of these studies to explore how haemorheology and measuring clinical viscosity

could play a significant role in the monitoring and early detection of CVD.

Cardiovascular disease (CVD) is a broad
term describing a group of diseases of
the heart and vascular system. It includes
coronary heart disease, hypertensive
heart disease, rheumatic heart disease,
cardiomyopathy, congenital heart
disease, valvular disease, endocarditis,
aortic aneurysms, peripheral artery
disease, claudication, venous thrombosis,
and cerebrovascular events (stroke).!
Coronary artery disease, peripheral
artery disease and ischaemic strokes are
often accompanied by atherosclerosis,
which itself may be caused by
hypertension, smoking, diabetes,
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hypercholesterolaemia, poor diet or
excessive alcohol consumption, among
others. According to the World Health
Organization (WHO), high blood pressure
is estimated to account for approximately
13% of CVD deaths, while tobacco
accounts for 9%, diabetes 6%, lack of
exercise 6%, and obesity 5%.2

More than four out of five CVD deaths
are due to infarctions and strokes,® with
one third of these deaths occurring
prematurely in people under 70 years
of age. The number of causes of CVD
is unclear, but some risk factors are well
known, with hypertension, smoking, high

According to the WHO, high blood pressure is estimated to account for approximately 13% of CVD deaths.
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cholesterol, diabetes, obesity, inactivity
and family history being among the most
common. CVDs are the leading cause of
global death (33%), taking an estimated
20.5 million lives each year. The UK also
has a significant number (26%) of deaths
and disabilities caused by CVD.* The
NHS identifies the impact associated
with CVD and gives high priority to
reduce the mortality. Part of the NHS
Long Term Plan is to save lives over the
next 10 years from conditions associated
with CVDs. Applicable not only for the
NHS but also its partners in the voluntary
and community sectors, as well as other
national organisations, the ambition is to
prevent more than 150,000 heart attacks
and strokes.®

Haemorheology and CVD

Plasma viscosity and whole blood viscosity
are important determinants of blood flow
rheology and hence may have roles in
atherosclerosis, thrombosis and ischaemia.
The association between plasma viscosity
(PV) and cardiovascular disease has been
documented extensively and for some
time; a review being published in 1987.¢
Késmarky et al. (2008) suggest plasma
fibrinogen concentration and plasma
viscosity elevated in unstable angina
pectoris, and their higher values, are
associated with a higher rate of major
adverse clinical events. Most importantly,
elevation of plasma viscosity correlated

to the progression of coronary and
peripheral artery diseases.”
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Cardiovascular diseases are a group of disorders of the heart and blood vessels,
commonly referred to as heart disease and stroke.
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Cardiovascular disease infographic, from World Heart Federation.

Dintenfass (1985) states that the
importance of blood viscosity in ischaemic
heart diseases is not new, which suggests
that not only is the association between
viscosity and CVD well-established, but it
is also long-established.® Mayer (1964) also
found that from a study of 344 subjects:
"Patients suffering from chronic coronary
heart disease have significantly higher
blood and plasma viscosity than healthy
groups of the same sex.”? He states
that: “A higher viscosity of plasma is a
contributory factor in the development of
the clinical symptoms of coronary heart
disease and possibly atherosclerosis itself.”
A study carried out by Peters et al. in
2017 on plasma viscosity described as the
‘largest prospective study yet reported of
plasma viscosity and whole-blood viscosity
in prediction of cardiovascular disease’,
also found an association between PV and
CVD risk, as well as mortality.'

There have been many other studies
that have also found association between

PV and CVD, including a study by Lowe
et al. (1991) of 529 subjects." The authors
found that: “Five known coronary risk

factors (cigarette-smoking, blood pressure,

body mass index, cholesterol and
triglyceride) were associated to elevated
plasma viscosity.” Letcher et al. also
explored the link between hypertension
(one of the five risk factors for coronary
artery disease) and its association with
increased PV in a 1981 study." In this
study, ‘blood pressure and components
of blood viscosity were measured in 49
normal subjects and in 49 untreated
patients with essential hypertension’,
which concluded that PV was higher in
hypertensive group when compared with
normal blood pressure group.

In the above-mentioned large study by
Peters et al. (2017) involving 3,386 males,
the author found that a 1-SD increase in
plasma viscosity increases the risk of CVD
by 1.12 and mortality by 1.20. This study
has a similar conclusion to Ernst et al.
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(1988)'® study that PV plays a significant
part in the diagnosis and monitoring of
CVD, along with other criteria. In the 2017
publication the authors conclude that
although plasma and blood viscosity may
have a role in the pathogenesis of CVD
and mortality, much of their association
with CVD and mortality is due to the
mutual effects of major CVD risk factors.
However, plasma viscosity adds to the
discrimination of CVD and mortality and
might be considered for inclusion in a
multivariable risk score.

In a 2023 study Lowe et al. found
that plasma viscosity was significantly
associated with coronary heart disease
(CHD) events, cardiovascular disease
and all cause mortalities.™ Similarly, in
another paper by Koenig et al. (1998)
the authors found: “A conclusive and
independent association between
a first major incident CHD event in
middle aged men.” It reported: “The
association between plasma viscosity
and CHD events remained substantial.”'®
In Peters et al. (2017) study the authors
suggested that plasma viscosity could
be used as a predictor of mortality in
cardiovascular disease in a Scottish cohort
17-year follow-up study, if included in
multivariable risk scores.

In 1998 a further paper by Junker et al.
found that plasma viscosity is directly
related to the severity of coronary heart
disease.' The authors also confirmed
the previously reported correlation
between plasma viscosity and fibrinogen.
They quote: “Evidently, plasma viscosity
contributes to the cardiovascular risk and
may be of special importance in areas of
reduced blood flow, as commonly occurs
in patients with advanced atherosclerosis.”

In another study, de Simone et al.
(1990) found that the high plasma
viscosity was shown to lead to an
increased risk of acute myocardial
infarction (MI) in patients with unstable
angina pectoris."” In similar publications
an elevation of plasma viscosity was also
found in patients with severe unstable
angina pectoris compared with patients
with stable angina pectoris and to healthy
individuals.’®?° Hence plasma viscosity is
shown to be a good predictive parameter.

Discussion
Plasma viscosity testing has been
available in many haematology
laboratories for many years and has
become relatively well understood as
a fast, reliable and standardised test.?'
However, the measurement and clinical
application of clinical viscosity testing is a
constantly ongoing progressive process.
It has been clearly demonstrated from
the studies mentioned above, which
have been carried out over many years,
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that there is a direct and significant
correlation with plasma viscosity and
CVD. Furthermore, its use as a risk factor
and likely outcome of these disorders

is also demonstrated and indeed has
been quantified. Given the prevalence
and impact of CVD it could be worth
considering a regular periodic screening
programme involving PV for individuals
aged 55 and over or those with a family
history of CVD or the presence of other
risk factors. It has been shown that
plasma viscosity has a significant role in
the monitoring and early detection of
CVD so its use in conjunction with other
risk factors such as age, family history,
hypertension and hypercholesterolaemia
is justified in such a programme.

It may also be worth considering
possible future work involving the plasma
viscosity/serum viscosity ratio or other
similar relationship to ascertain if further
clinical information can be obtained.
Similarly, the relationship between plasma
viscosity or serum viscosity and lipidaemia
could be further explored mathematically.

The future exploration of the
association between plasma, serum and
blood viscosities and CVD is potentially
enormous, while exploiting the findings
of work previously published. Such
long-term studies as the Scottish Heart
Health Extended Cohort Study provide
up-to-date and invaluable progressive
information.
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