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I

n patients with diabetes, vascular complications such
as myocardial infarction and cerebral infarction are
important. Hypercoagulability in a broad sense, including enhanced platelet function and impaired fibrinolysis, may play a critical role in the pathogenesis of
atherogenesis and thrombosis in diabetic patients. The purpose of this study was to clarify whether hypercoagulability
exists in patients with diabetes.
PLATELET FUNCTION IN DIABETIC PATIENTS

In the platelet system in diabetic patients, hyperaggregability
(1-5) and an increase in plasma levels of von Willebrand
factor (2,6-9), which is important in the adhesion of platelets
to subendothelial cells, have been reported. In diabetic
patients, elevation of levels of (3-thromboglobulin and platelet factor 4 released from a-granules of platelets when
platelets are activated has also been described (10-13).
Recently, enhanced biosynthesis of thromboxane in platelets, which enhances thrombotic tendency (14), has been
reported.
COAGULATION FACTORS IN DIABETIC PATIENTS
We studied disorders of coagulation and fibrinolysis in
patients with NIDDM. Clinical characteristics and levels of
From the Department of Internal Medicine (III) (T.M., E.M., H.J., H.A., M.S.),
Kanazawa University School of Medicine, and Central Clinical Laboratory (T.Y.,
K.-I.T.), Kanazawa University Hospital, Kanazawa, Japan.
Address correspondence and reprint requests to Dr. Tamotsu Matsuda, Takaramachi 13-1, Kanazawa University School of Medicine, Kanawaza, Japan.
Accepted for publication 30 November 1995.
Lp(a), lipoprotein(a); PAI-1, plasminogen activator inhibitor 1; TAT, thrombinantithrombin complex; TFPI, tissue factor pathway inhibitor; tPA, tissue plasminogen activator; Xa, activated factor X.
DIABETES, VOL. 45, SUPPL. 3, JULY 1996

serum lipid were compared in 193 diabetic patients and 50
control subjects in our study (15). There were no statistically
significant differences in sex and BMI, except age, triglyceride levels, and HDL cholesterol levels between the two
groups.
In previous reports, increases in the levels of factors VII,
VIII, and fibrinogen in diabetic patients have been noted
(2,6-9,12,16). We also found that plasma fibrinogen content
is significantly higher in patients with diabetes (15), although
differences in age may affect the difference in fibrinogen
level.

PHYSIOLOGICAL INHIBITORS OF BLOOD COAGULATION IN
DIABETIC PATIENTS

Regarding physiological inhibitors of blood coagulation in
plasma, controversy exists (6,8,12,16). There is a possibility
that glycosylation of some coagulation inhibitors in diabetic
patients may impair the function of these inhibitors and
cause hypercoagulability (17,18). However, our investigation
revealed that activities of antithrombin III and protein C in
the plasma of the diabetic patients did not differ from the
control subjects (15).
Tissue factor pathway inhibitor (TFPI) is the most recently
discovered inhibitor of blood coagulation. When the coagulation system is activated and activated factor X (Xa) is
formed, TFPI combines Xa and neutralizes the activity of Xa.
Moreover, the complex of TFPI and Xa inhibits the activity of
the complex of activated factor VII and tissue factor, which
triggers the coagulation cascade. In diabetic patients, the
levels of TFPI in plasma were significantly higher than those
of the control subjects (15). There was weak but significant
positive correlation between the levels of TFPI and total
cholesterol (15). This result could be due to the fact that
TFPI combines with cholesterol. Therefore, it is possible that
elevated levels of TFPI in the hypercholesterolemic patients
may neutralize the thrombotic tendency in these subjects.
However, another interpretation of this result may be possible. Tissue factor functions on the vascular surface and
activates the coagulation cascade. Because TFPI inhibits
tissue factor, it is reasonable to consider that TFPI acts
mainly on the surface of the vessel wall, where this inhibitor
is formed and released. Therefore, there is a possibility that
an increase of TFPI in blood may reflect the release of this
inhibitor from endothelial cells as a result of damage. Such a
discussion is similar to the case of elevated levels of thrombomodulin, which is also an inhibitor of coagulation and
formed in endothelial cells.
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Determination of various important parameters of coagulation and fibrinolysis, clinical characteristics, and levels of serum lipid were compared in 193 patients with
NIDDM and 50 control subjects. Levels of fibrinogen,
tissue factor pathway inhibitor (TFPI), thrombin-antithrombin complex, and plasminogen activator inhibitor 1
in plasma increased significantly in the diabetic patients.
Levels of TFPI correlated significantly with levels of total
cholesterol. In the patients with coronary heart disease
or cerebral infarction, levels of lipoprotein(a) increased
significantly. From these results, we have concluded that
there is a thrombotic tendency or at least an imbalance
between the hemostatic and thrombosis-protecting system in diabetic patients, especially in patients with angiopathy. Diabetes 45 (Suppl. 3):S109-S110, 1996

COAGULATION AND FIBRINOLYSIS IN DIABETIC PATIENTS

IN VIVO ACTIVATION OF CLOTTING SYSTEM IN DIABETIC
PATIENTS

Thrombin-antithrombin complex (TAT) in plasma reflects
the amount of thrombin formed in the blood vessels and so
an increase in this complex suggests the activation of the
coagulation cascade in the bloodstream. A significant increase in TAT was observed in the diabetic patients (15), in
whom levels of TAT in plasma were significantly higher in
the patients with coronary heart disease. From these results,
it is possible that hypercoagulability or damage to vessel
walls, which activates the coagulation cascade, exists in
these cases.
FIBRINOLYSIS IN DIABETIC PATIENTS
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Decreased levels of tissue plasminogen activator (tPA),
which triggers activation of fibrinolytic system, have been
reported in diabetic patients (2,19); however, the levels were
higher in the diabetic patients in this study (15), although the
difference was not statistically significant.
Regarding the physiological inhibitors of fibrinolysis, it has
been postulated that an increase in plasma levels of plasminogen activator inhibitor 1 (PAI-1), which inhibits tissue
plasminogen activator, is important in the development of
thrombosis. In diabetic patients, it has been reported that
PAI-1 is increased (20,21). In our study, a significantly higher
level of PAI-1 was observed. In our previous study, levels of
PAI-1 significantly correlated with those of triglyceride in the
hyperlipidemic patients; however, a significant correlation
was not observed in the diabetic patients.
Therefore, it is reasonable to consider that in diabetic
patients, there is an imbalance between tPA and PAI-1,
which causes thrombotic tendency in some diabetic patients.
Recently, it has been established that an increase in levels
of lipoprotein(a) [Lp(a)] in plasma is an independent risk
factor of atherosclerosis. Lp(a) has a binding domain homologous to that of plasminogen, the activation of which causes
fibrinolysis. Therefore, it is possible that an increase of Lp(a)
impairs fibrinolysis by competitive inhibition of plasminogen
binding to the fibrin surface or endothelial cells of vessel
walls, resulting in a thrombotic tendency. Regarding the
microangiopathic complications of diabetes, the levels of
Lp(a) are significantly higher in diabetic patients with retinopathy or nephropathy (data not shown). In our study, the
levels of Lp(a) in diabetic patients were significantly higher
in the patients with coronary heart disease or cerebral
infarction than in the patients without macroangiopathy (15).
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