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It has been long established that circulatory and 
vascular changes play a significant role in long-term 
complications of diabetes. David Norcliffe and David 
Manuel explore how clinical viscosity testing could play 
a role in the care pathways of diabetes patients.

Haemorheology and 
diabetes  – what clinical 
viscosity could tell us

Diabetes is an endocrine disorder 
characterised by high blood sugar 
levels. Diabetes is a chronic disease 
that occurs either when the pancreas 
produces insufficient insulin or when the 
body cannot effectively use the insulin 
it produces.1 The International Diabetes 
Federation (IDF, 2021) diabetes atlas 
reports that, 537 million (10.5%) of 
the adult population (aged 20-79) has 
diabetes. IDF projection show that 1 in 8 
adults, approximately 783 million, will be 
living with diabetes by 2045.2

Diabetes mellitus3 was named in 
1675 by Thomas Willis, though the 
symptoms were described as far back 
as the ancient Egyptians. The name 
derives from diabetes meaning ‘pass 
through’ and mellitus meaning ‘sweet’ at 
a time when the diagnosis was made by 
tasting the urine of diabetic patients for 
sweetness. It currently represents one of 
the largest patient populations and can 
be broadly classified as two types:4 type 
1 where the pancreas secretes insufficient 
insulin due to the body’s immune system 
attacks and destroy the cells that produce 
insulin, and type 2 where a resistance to 
insulin occurs. Further subtypes, up to 
six categories, exist such as gestational, 
maturity onset, ketosis prone and hybrid.

Diagnosis and monitoring have seen 
significant landmarks since it was first 
described. Arguably the most significant 

of recent times was the discovery of 
HbA1c in the early 1970s; the author 
being one of the first in the UK to 
measure it and provide a monitoring 
service in 1979 in Sheffield. Commercial 
companies further developed the 
technique, and a comparison was made 
of the methods available at the time.5 

HbA1c6 reflects the mean blood glucose 

over the preceding approximate 120 
days and by maintaining the level within 
reference limits is thought to reduce 
the likelihood of the long-term clinical 
consequences of poor control by avoiding 
spikes in blood glucose. 

Complications of diabetes
The clinical complications7 of poor 
diabetic control include retinopathy, 
neuropathy, nephropathy, limb 
ischaemia, claudication, cardiovascular 
disorders, coronary heart disease and 
peripheral artery disease amongst 
others, which can all be seen in 
poorly controlled type 1 and type 2 
diabetes. It has been long established 
that circulatory and vascular changes 
play a significant role in long-term 
complications of diabetes.

Common to all these, though 

Laboratory blood tests for HbA1c show the mean blood glucose over the preceding approximate 120 days.
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not exclusively so, is blood flow or 
haemorheology,8 from the Greek ’rhein’ 
meaning ‘to flow’. Haemorheology is 
multifactorial: plasma viscosity, whole-
blood viscosity, red-cell deformability and 
red-cell aggregation.

Plasma viscosity
The plasma viscosity of a person gives 
a measure of any increase in plasma 
proteins and fibrinogen stimulated by 
a variety of causes. These results aid 
the monitoring and potentially the 
diagnosis of a patient’s condition. The 
first commercial clinical viscometer was 
launched in 1963. An increasing number 
of laboratories are electing to use clinical 
viscosity routinely in preference to 
erythrocyte sedimentation testing (ESR). 
This is because clinical viscosity results are 
often found to be easier to interpret and 
the results can be fully validated.

The viscosity of plasma is determined 
by not only protein concentration but, 
more importantly, molecular asymmetry. 
Albumin, despite being the greatest by 
concentration component has a molecular 
length, diameter ratio of approximately 
2:1 and has relatively little effect on 
viscosity. Fibrinogen, however, has a 
much lower concentration but a molecular 
length, diameter ratio of approximately 
18:1 and consequently has a relatively 
large effect on viscosity.

Plasma behaves rheologically as a 
Newtonian fluid which means that its 
viscosity is unchanged with different 
applied forces (shear stress). Clinically 
plasma viscosity remains static in health 
within a narrow reference range and 
changes only with clinical conditions. It is 
often regarded as a superior alternative to 
ESR and CRP but, is much more than that 
in reality.

Increases in plasma viscosity have 
been reported in diabetes in various 
studies and found to be elevated 
particularly in type 2 diabetes9 and can 

be used as a cardiovascular risk marker. 
This increase may be due to an increase 
in fibrinogen10 and, in the paper by Brun 
et al (2004) is thought to be strongly 
related to blood pressure. It has also been 
postulated that the microangiopathy 
seen in type 2 diabetics is influenced 
by a rise in acute phase proteins, which 
in itself is not the direct cause, but 
it may cause an additional stress on 
the metabolically disturbed diabetic 
microcirculation and enhance its progress. 
This change may alter slightly the shape 
of some plasma protein molecules, thus 
increasing viscosity.11 It was also found 
in a publication by Barnes (1981)12 that 
in addition to an increase in fibrinogen 
there are decreases in albumin and total 
globulin in a group of long-standing 
diabetics.

Whole-blood viscosity	
Rheologically, whole blood is a non-
Newtonian fluid; that is a fluid which 
changes its viscosity with the force 
applied up to a finite point. Hence 
measurement should be made at several 
different shear rates. The viscosity of 
whole blood is due to plasma viscosity, 
haematocrit, and red-cell deformability 
(Fig 1).

Whole-blood viscosity in the diabetic 
population has been studied widely. 
The haematocrit varies throughout 
circulation, and it has been reported 
that the haematocrit is more variable in 
diabetics than non-diabetics, thought 
to be due to increased plasma fluid 
transfer through capillaries13 influenced 

by the diuretic consequences of 
glucose fluctuation in poorly controlled 
diabetics.14 In similar early work Lowe et 
al (1980) found that haematocrits were 
higher in younger diabetic patients15 
thus influencing whole-blood viscosity. 
At the capillary bed, where oxygen 
transfer occurs, the haematocrit is 
further reduced to facilitate the transfer 
(Fahraeus Lindqvist effect).16 This is when 
a decrease in viscosity is seen as the 
diameter of the vessel decreases down 
to approximately 10µm due to the red 
cells occupying the centre of the vessel 
and plasma nearer the wall.

Le Devehat et al (2004) reported in 
their study that viscosity at low shear is 
increased in type 2 diabetes compared 
to patients with type 1.17 The authors also 
found that haemorheological parameters, 
including whole-blood viscosity, in type 
1 patients did not always rely on good 
glycaemic control if the duration of the 
disorder is <5 years, but the differences 
were attenuated with a duration of >15 
years. 

In a paper by Sun et al (2022) it was 
shown that the increase in whole-blood 
viscosity seen in type 2 diabetics, which 
could be a risk factor for cardiovascular 
complications, is largely influenced by 
an increase in fibrinogen, enhanced red 
blood cell aggregation and a reduction 
in red-cell deformability, rather than an 
increase in haematocrit alone.18

The non-Newtonian behaviour of 
whole blood presents a slight challenge 
when trying to establish a viscosity value. 
To determine the viscosity at a single 

Fig 1. Newtonian versus non-Newtonian fluid. Fig 2. Red-cell deformity.

Increases in plasma viscosity have been reported in 
diabetes in various studies and found to be elevated 
particularly in type 2 diabetes, and can be used as a 
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shear rate is of limited value as it is merely 
a single snapshot of in vivo events. It is 
more informative and representative of 
conditions and vessel types to obtain 
a picture by measuring viscosity at 
several different shear rates. This is most 
commonly done by a cone and plate 
viscometer using approximately 1–5ml 
of blood,19 which might be difficult for 
paediatric patients or those with poor 
venous access.

Red-cell deformability
Red cells are a biconcave disc shape and 
have a resting diameter of approximately 
7.5µm, whereas nutritive capillaries have 
a diameter as low as 3µm. Therefore, 
the ability of red cells to be flexible is 
of crucial importance to maintaining 
fluidity of blood and therefore perfusion 
of the capillaries in all organs and tissues 
(Fig 2). Furthermore, the red cells can 
immediately regain their resting shape, 
diameter and functionality, repeating 
the process many times for the duration 
of their approximate 120 day lifespan.20 
Their flexibility is due to their shape, 
high surface area to volume ratio, and 
structural membrane components, 
cytoskeleton, internal viscosity and 
intracellular calcium level. Hence the 
importance of red-cell deformability 
in health and disease cannot be over 

emphasised as the function of  
every organ and tissue is dependent  
on this.

Vague and Juhan (1983)21 suggest 
that in diabetes, red-cell deformability 
is reduced. In their study the authors 
reported that in poorly controlled insulin 
dependent diabetics, normalisation 
of plasma glucose with an insulin 
infusion also helps to improve red-cell 
deformability within two hours. Therefore, 
insulin seems to have direct effect on 
erythrocyte deformability.

In 2007 Shin et al,22 reported 
a progressive impairment of red-
cell deformability with worsening 
microangiopathy in type 2 diabetics. 
The relationship between red-cell 
deformability and HbA1c has been 
explored. HbA1c is a slow non-enzymatic 
reaction involving the adherence of 
a glucose molecule to the N terminal 
end of one or both beta chains of 

haemoglobin and reflects the mean 
blood glucose over the preceding 
approximate 120 days. It seems 
reasonable that this slow alteration to 
the haemoglobin molecule may affect 
its internal viscosity and therefore 
deformability. 

Red-cell deformability can be assessed 
by several methods: laser diffraction 
(Ektacytometry), micropore filtration 
and calculation being the three most 
widely used. Laser diffraction requires 
a specialist standalone instrument and 
gives a pictorial representation of red-
cell elongation but does not lend itself 
to batch analysis such as that required 
in a diabetic clinic. Micropore filtration 
through polycarbonate filters with pores 
of 5µm has been used by some workers 
for several years. However, it requires 
washing of red cells three times to 
remove any white cells before analysis, 
thus rendering the measurement open 

By measuring whole blood viscosity at several 
rates of shear, crucially involving very low shear, 
any changes in the pre-diabetic patient could be 
highlighted
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to criticism of being unphysiological. 
Furthermore, it does not lend itself to 
batch analysis and is therefore probably 
better suited to research studies rather 
than everyday use.

Red-cell rigidity, ie the inverse of 
deformability, can be calculated from 
whole-blood viscosity, plasma viscosity 
and haematocrit using an equation by 
Dintenfass.23,24 The calculation was later 
evaluated by Norcliffe and Brown.25 
One of the advantages this calculation 
has over the other methods is that 
no additional specialist equipment is 
required so a result can be relatively easily 
obtained, and sequential batch analysis 
can be performed. It is a calculation of 
rigidity so the higher the value the less 
deformable the cells are, and it has a 
further advantage of a narrow reference 
range.

Red-cell aggregation
In the normal circulation, red-cell 
aggregation has a lesser impact than the 
other contributory factors above, but has 
greater impact on the diabetic circulation 
of patients with microangiopathy. Red 
cells aggregate similar to a stack of coins. 
This is known as rouleaux formation 
(Fig 3).26 It can occur where shear rates 
are at the lowest, such as in the sinuses 
of the spleen or areas of bifurcations, and 
is known to be a major contributor to 
plaque formation. 

High glucose concentration in 
diabetic patients cause a tendency 
for red cells to aggregate together 
and to the vessel wall.27-29 This may 
be due to increased internal viscosity 
of the red cell, membrane changes or 
other influences such as cholesterol 
and may increase the likelihood of 
microangiopathy. Increased levels of 
fibrinogen are also known to promote 
red-cell aggregation. This red cell 
aggregation is high in diabetes and 
contributes to vascular complications.  

Red-cell aggregation can be assessed 
in vitro on a whole-blood viscometer 
at very low shear forces by obtaining 
the ‘yield stress’, ie the minimum force 
required to break up aggregates and 
cause continuous flow. It has also been 
measured in vivo using ultrasound 
imaging. 

Discussion
There is clear historical evidence that 
haemorheological changes occur in 
diabetes, particularly in type 2 diabetics 
with microangiopathy. These changes 
include all the haemorheological factors. 
It could, therefore, be assumed these 
changes are contributory rather than 
consequential. The emphasis now 
should be using haemorheology in early 

detection, including prediabetes as well 
as monitoring progress.

The viscosity of plasma is a test 
routinely done in many haematology 
laboratories and one which could be 
a starting point. Plasma viscosity is 
static in health so a change in viscosity, 
particularly if greater than 0.05mPas 
should be further investigated. A change 
can only be detected if the ‘baseline’ 
figure is previously known, however a 
screening programme of future possible 
high-risk patients could be considered. 
As a raised plasma viscosity in diabetes 
has been described on numerous 
occasions the possibility of a diabetic, 
or prediabetic reference range could be 
explored. 

Plasma viscosity is influenced largely 
by fibrinogen but also by a reduction 
in some of the other plasma proteins. 
Hence, a patient who is suspected 
of having significant plaque perhaps 
would benefit from a plasma viscosity 
measurement and monitoring.

Whole-blood viscosity is an area 
where more information can be obtained 
by expansion of the current techniques. 
Currently measurements are commonly 
taken at just two, or much less often, at 
three different shear rates. This reflects 
just a superficial representation of the 
circulation and informative data could 
therefore be missed. By measuring 
whole blood viscosity at several rates 
of shear, crucially involving very low 
shear, any changes in the pre-diabetic 
patient could be highlighted. It would 
also encompass the effect of any red 
cell aggregation, known to be increased 
in the diabetic patient, by determining 
yield stress and elasticity and advice on 
lifestyle change etc could be offered to 
the patient.

One of the key features to plasma 
viscosity is the ability to obtain the rigidity 

value of red cells. Red-cell flexibility is 
well known to be reduced in diabetes and 
may be a significant contributor to the 
deposition of vascular plaque and overall 
progress of the disorder. It is important 
therefore that this component is explored 
further. The calculation is robust and has 
a narrow reference range, so it can easily 
be added to any laboratory computer 
system as a routine data process. Once 
established the calculation could be 
applied routinely to any patient sample 
with any condition. 

The application of red cell rigidity has 
enormous potential and implications in 
medicine and could become part of a 
‘rheology profile’ in the haematology 
laboratory. Such a profile would include 
full blood count, plasma viscosity, whole-
blood viscosity measured at several shear 
rates and red-cell rigidity values at each 
of those rates. It would give a better 
representation of the circulation and red 
cell behaviour throughout it than any 
current single test and would be obtained 
from a single EDTA anticoagulated blood 
sample. 

The importance of haemorheology in 
diabetes, whilst having been explored, 
has not fully been exploited. The 
application of these laboratory tests could 
improve the lives of patients by improving 
early diagnosis and monitoring. 

There is an opportunity to improve 
testing time results, improve diagnostic 
outcomes, support accurate treatment 
planning, facilitate better disease 
management, and enhance clinical 
outcomes. All of this could be achieved 
through the utilisation of the clinical 
viscosity test as part of our diabetes care 
pathways.			       
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