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Summary. Platelet adhesiveness and the levels of two
coagulation factors, fibrinogen and factor VITI, were stud-
ied in a series of diabetic and nondiabetic control subjects.
All three measurements were significantly abnormal in the
diabetic patients. The increase in platelet adhesiveness
was capable of distinguishing the diabetics on a group
basis, but not on individual results. The greatest increase
in platelet adhesiveness was demonstrated in patients
with ischaemic heart disease and diabetes. Increased
platelet adhesiveness was seen in individuals of both dia-
betic and control groups, in whom no clinical or electro-
cardiographic evidence of ischaemic heart disease was
found. This finding is discussed, also the relationship be-
tween platelet adhesiveness levels and the age, sex, du-
ration of disease, blood glucose and serum lipid levels of
the diabetic patients.

Adhésivité des plaquettes, taux de fibrinogéne plasmatique
et de factewr VIII dans le diabéte sucré

Résumé. L’adhésivité des plaquettes et les taux de
deux facteurs de coagulation, le fibrinogéne et le facteur
VIII, ont été étudiés chez un groupe de diabétiques et chez
des sujets témoins. Les trois mesures étaient significative-
ment anormales chez les sujets diabétiques. L’augmenta-
tion de Padhésivité des plaquettes permettait de distingu-
er les diabétiques sur une base de groupe, mains non
d’aprés des résultats individuels. L’augmentation la plus
grande de adhésivité des plaquettes a été démontrée
chez les sujets atteints de maladie de coeur ischémique et
de diabéte. Une adhésivité accrue des plaquettes a été

The occurrence of intravascular thrombosis as a
frequent and important complication in patients with
diabetes mellitus has been well documented [11, 21,
31]. It has been suggested that in the diabetic the
amount of arterial wall disease is increased [2, 20, 32].
This has been challenged by Eakins [6] and by Mitchell
and Schwartz [24]. The presence of serum lipid abnor-
malities in diabetes [1] and the association of abnormal
blood coagulation in subjects with disordered fat me-
tabolism [29, 25], has focussed attention on the coa-
guability of the diabetics’ blood as a factor in the high
incidence of thrombosis.

In recent years it has become apparent that the
blood platelet plays a central role in the initiation of
intravascular thrombosis [10]. One aspect of platelet
behaviour that can be measured is the ability to ad-
here to a foreign surface. This would seem meaningful
because in a wide variety of disorders, such as ischaemic
heart disease [22, 23], postpartum [34] and postoper-
ative states [12, 34] in which there is a high incidence
of thrombosis, the degree of platelet adhesiveness has
been found to be increased. Many techniques have been

observée & la fois chez des individus du groupe diabétique
et du groupe témoin, chez lesquels on n’a trouvé sucun
signe clinique ou électrocardiographique de maladie de
coeur ischémique. Ce résultat est discuté, ainsi que la
relation entre les taux d’adhésivité des plaquettes ot ’age,
lo sexe, la durée de la maladie, la glycémie et les taux de
lipides du sérum chez les sujets diabétiques.

Die Thrombocyten-Adhisivitit und die Spiegel von
Fibrinogen und Faktor VIII im Plasma von Diabetikern

Zusammenfassung. Die Plittchen-Adhésivitdt und
die Spiegel zweier Coagulations-Faktoren, Fibrinogen
und Faktor VIII wurden bei einer Serie von Diabetikern
und nichtdiabetischen Vergleichspersonen untersucht.
Die Zunahme der Thrombocyten-Adhésivitit liefl eine
Abgrenzung der Diabetiker als Kollektiv, nicht aber fiir
Einzelpersonen zu. Der stéirkste Anstieg der Plittchen-
Adhésivitét fand sich bei Diabetikern mit coronarer
Minderdurchblutung. Ein solcher Anstieg lief sich aber
auch bei Diabetikern und Vergleichspersonen nachweisen,
bei denen keine klinischen oder elektrokardiographischen
Zeichen einer ischimischen Herzerkrankung bestanden.
Dieser Befund wird diskutiert ebenso wie die Bezichungen
zwischen Thrombocyten-Adhésivitdt und Alter, Ge-
schlecht, Krankheitsdauer, sowie Blutzucker- und Blut-
fettspiegeln der Diabetiker.

Key-words: Diabetes, blood platelets, adhesiveness,
fibrinogen, factor VIII, ischaemic heart disease, blood
glucose, serum lipids.

used to measure platelet adhesiveness and those first
described by Payling Wright [33] — the rotating bulb
technique — and by Hellem [14] — the glass bead
column technique — seem reliable. Hirsch and Mec
Bride [16] found these two techniques to give similar
results. We have confirmed this finding in a preliminary
survey with 30 subjects, studied by the two methods,
(Correlation coefficient » = 0.8452 giving P = 0.0001).
In this paper we report on a study of these tests of
platelet adhesiveness in diabetes mellitus and attempt
to correlate the findings with various aspects and com-
plications of the disease and with the level of certain
coagulation factors.

Clinical Material

A total of 235 patients with diabetes mellitus and
165 nondiabetic subjects, as a control group, were
studied. Amongst the diabetic subjects, 140 aged 8 to
85 years were newly diagnosed; electrocardiographs
were carried out on all these patients and in 27, signifi-
cant abnormalities were found. Forty-five diabetic
subjects had major complications other than ischaemic
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heart disease, such as nephropathy, retinopathy and
peripheral vascular disease. The remaining 50 diabetic
subjects had no major complication but had been di-
agnosed for 3 months to 30 years.

The control group of 165 non-diabetic subjects was
made up of 140 subjects with no significant illness and
25 who had presented with signs and symptoms of
ischaemic heart disease. The 140 were selected from
healthy hospital staff, patients attending a medical
outpatient department for such complaints as simple
goitre, investigation of minor intestinal or psychoneu-
rofic symptoms and from & dental outpatient clinic.
These subjects had no family history of diabetes
mellitus, and either had a normal postprandial blood
sugar or a normal response to a 50 g oral glucose tol-
erance test. Except for the group of 25 selected for the
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McDonald and REdgill [22], or by the glass bead
column method of Hellom [14] as modified by Hirsch
and MeBride [17].

3. Blood glucose [18] as modified for the Auto-Ana-
lyzer.

4. Serum cholesterol [35] as modified for the Auto-

Analyzer.

. Serum triglycerides [13].

. Plasma fibrinogen [27].

. Factor VIII assay [30].

IS O

Results

The results of platelet adhesiveness in the 140 new-
ly diagnosed diabetics and the same number of age and
sex matched controls are shown in Fig. 1. The mean
percentage of adhesive platelets for the diabetic pa-
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Fig. 1. Platelet adhesiveness in the diabetic and control subjects

presence of symptoms of ischaemic heart disease, the
control patients had no clinical evidence of vascular
diseaes or abnormal electrocardiographic patterns. The
25 patients with ischaemie heart disease had normal
glucose tolerance tests and no history of diabetes.

Methods

The patients were all studied 2—215 h after their
last meal and after a 20-minute rest period, with the
exception of those having certain lipid investigations in
which case the appropriate tests were carried out in the
fasting state. Blood samples were all taken by the same
person using a minimal degree of venous occlusion.
Siliconised equipment was used throughout.

The following measurements were carried out:

1. Platelet count [3].
2. Platelet adhesiveness, either by the rotating bulb
technique of Payling Wright [33] as modified by

tients, using the rotating bulb technique, was 42 per
cent with a range of 20 to 70 per cent, whereas for the
non-diabetics it was 29 per cent with a range of 14 to
60 per cent. Using the glass bead column method the
figure for the diabetics was 45 per cent with a range of
23 to 69 per cent and for the non-diabetics, 32 per cent
with a range of 15 to 52 per cent.

Although these results show a significant difference
between diabetic and non-diabetic groups (0.01 > P
>0.001), maximal and minimal levels of platelet ad-
hesiveness were found amongst individuals of either
groups. It is also apparent from Fig. 1 that the sex of
the subject did not influence the level of platelet ad-
hesiveness.

Follow-up of Patients After Treatment

Platelet adhesiveness studies were repeated in 66
patients after a 3—4 month period of treatment, and

30%*
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analysis revealed that a decrease of platelet adhesive-
ness was only of significance in the small group of
female patients treated with diet alone (0.01 > P >
0.001). Sulphonylureas and insulin therapy did not
significantly alter the platelet adhesiveness level.

Patients with Major Complications

Twenty-seven of the 140 newly diagnosed diabetic
patients had electrocardiographec evidence of ischae-
mic heart disease. The mean value of adhesive platelets
for the group was 50 per cent, whereas in a group of
25 age-sex-matched non-diabetic patients, with a com-
parable degree of myocardial ischaemia, it was 43 per
cent (P value 0.001).

A further 13 patients had peripheral vascular dis-
ease. An additional 24 patients had ophthalmic com-
plications; 14 having moderate to severe retinopathy
and 10 cataracts affecting one or both eyes. Finally, 8
patients with ozotaemia and proteinuria, 6 of whom
had associated hypertension, their diastolic pressure
being 95 mm Hg or more, were investigated. The
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Fig. 2. Platelet adhesiveness in diabetics with complica-
tions

results are illustrated in Fig. 2. It can be seen that the
increase in adhesiveness described in the newly diag-
nosed diabetic patient was maintained in the presence
of complications, and that the greatest increase was
seen in the patients with ischaemic heart disease in
addition to diabetes.

E.E. Mayne et al.: Platelet Adhesiveness, Plasma Fibrinogen and Factor VIII Levels

Driabetologia

Correlation of Platelet Adhesiveness to the Duration
of the Disease and the Levels of Blood Glucose and Serum
Cholesterol

In 50 patients the level of platelet adhesiveness was
correlated with the duration of the disease, which
varied from 3 months to 32 years; the distribution of
results was random (r = 0.12). Regression equations,
calculated between the level of blood glucose, either at
the time of diagnosis or following stabilization and
platelet adhesiveness, were r = 0.18 and 0.20 respec-
tively. Similarly, the level of cholesterol in 98 untreated
diabetics, when related to the respective mean values
of platelet adhesiveness, did not exhibit any positive
correlation (r = 0.22).

Platelet Adhesiveness and Serum Triglyceride Levels

The mean serum triglyceride level in 16 untreated
diabetics was 249 mg per cent and in a similar number
of controls, 95 mg per cent (0.02 > P > 0.01). Al-
though the mean platelet adhesiveness was higher in
the diabetic group, 42 per cent as compared with 29
per cent in the individual subjects, there was no asso-
ciation between triglyceride levels and platelet ad-
hesiveness in either the diabetics or the controls
(r = 0.26).

Coagulation Factor Levels (Fibrinogen and Factor
VIII)

The mean fibrinogen level for the 28 male diabetics
was 389 mg/100 ml plasma, whereas for a control group
it was 295 mg/100 ml plasma; for 27 females the re-
spective figures were 384 and 291 mg/100 ml. In both
males and females the differences between the diabetic
and non-diabetic patients were significant (P = 0.001).
The fibrinogen results were plotted against corres-
ponding values for percentage platelet adhesiveness in
diabetic and control patients but no relationship was
found (r = 0.11). In 50 diabetic patients, after stabili-
zation, the mean levels for plasma fibrinogen were
355 mg/100 ml for males and 378 mg/100 ml for females.
These results did not differ statistically from the orig-
inal findings.

Factor VIII assays were carried out; they showed
that untreated diabetic patients had significantly in-
creased values of this coagulation factor, the mean
level for 30 such patients being 140 per cent, and 97 per
cent for the controls (P =0.001), Furthermore, the
diabetic patients, after treatment, still maintained
their elevated Factor VIII values with a mean level of
135 per cent. A statistical analysis of the relationship
between platelet adhesiveness and Factor VIIIlevelsin
diabetic subjects was not significant (r =0.29).

Discussion

Platelet adhesiveness was studied in a series of pa-
tients with diabetes mellitus. This aspect of platelet
function was capable of distinguishing diabetics from
non-diabetics on a group basis, on account of the
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former’s increased levels of platelet adhesiveness. How-
ever, individuals could not be correctly assigned to
either group purely on the results of the test. In addi-
tion to the finding of altered platelet function, the
levels of two plasma coagulation factors were found to
be significantly elevated in the diabetic patients. This
finding, in association with the increase in platelet ad-
hesiveness, lends a measure of support to the concept
that a hypercoagulable state exists in diabetes mellitus
and that it may contribute to the increased incidence
of occlusive vascular disease observed in the condition.

A positive relationship did not exist between the
duration of the disease, the age or sex of the patients
and the actual levels of platelet adhesiveness, plasma
fibrinogen or factor VIIL. Treatment with insulin or
chlorpropamide did not significantly reduce the ab-
normal level of platelet adhesiveness or alter the plas-
ma fibrinogen or factor VIII levels. A significant re-
duction in the platelet adhesiveness results, but not in
the level of fibrinogen or factor VIII, was found in
10 female patients who were treated by diet alone. The
increase in plasma fibrinogen levels confirmed earlier
work carried out by Egeberg [8]. Eastham and Morgan
[7] have described similar changes in non-diabetic pa-
tients with ischaemic heart disease.

In view of the metabolic relationship between car-
bohydrate and lipid metabolism, it was expected that
some association might be found between the increase
in platelet adhesiveness, the blood glucose and one or
more of the lipid parameters studied. However, in
respect of the blood glucose, cholesterol and trigly-
cerides, no association was established. Although these
general studies did not show any correlation with
platelet adhesiveness, it is important to note that the
presence of ischaemic heart disease in both diabetic
patients and in control subjects was well correlated
with the increased platelet adhesiveness levels, as des-
cribed by Katz et ol. [19, 20}, McDonald ef al. [22], and
Owren [28]. However, both occasional control and dia-
betic subjects were encountered with comparable in-
creased levels of platelet adhesiveness and in whom no
evidence of vascular disease could be found. This lack
of correlation remains unexplained.

Increased platelet adhesiveness in diabetic patients
has been described by other workers. Hellem et al. [15]
found that the platelets in 25 insulin-treated patients
displayed abnormal adhesiveness only when exposed
to the action of the nucleotide, adenosine di-phosphate.
Breddin [4] investigated a series of 200 patients, al-
though his techniques were different from those used
here and to the methods used by the majority of workers
in the field of platelet research; he found his platelet
agglutination test to be significantly abnormal in pa-
tients with diabetes mellitus. Owren [28], using the
glass bead column technique of Hellem [14], demon-
strated an increase in platelet adhesiveness in 50 dia-
betic patients, but did not specify their age, mode of
treatment, or the duration of their disease. Thus, from
this present work, which is an extension of earlier work
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by Bridges et al. [5], it is clear that increased platelet
adhesiveness is a common finding in diabetes. This
study attempted not only to measure the platelet ad-
hesiveness in all phases of the disease, but also to in-
vestigate the inter-relationships between the biochemi-
cal abnormalities and any alteration in platelet behav-
iour. The results are of a relatively negative nature, but
they have served to emphasise the difficulties in corre-
lating dynamic changes i wivo with the results of a
comparatively artifactual laboratory test in witro,
which, although crude, was capable of demonstrating a
sustained but as yet unexplained abnormality in a
large series of patients with diabetes mellitus.
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