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Abstract. Diabetes mellitus is associated with disturbances in haemostasis that could contribute to the development of thrombotic
complications.The present study was undertaken to determine the behavior of coagulation variables and fibrinolytic system in
diabetes mellitus. Forty five diabetic patients and forty five matched controls were evaluated by doing the following haemostatic
parameter, prothrombin time, partial thromboplastin time, thrombin time, coagulation factors assay II, VII, IX, & plasma
fibrinogen, ADP-induced platelet aggregation, protein C, az- antiplasmin, PAI and FDPs. Generally diabetic patients have high
levels of fibrinogen, a2- antiplasmin, & PAI and lower level of protein C. Other haemostatic parameters did not show statistically
significant difference between diabetic patients and control group. Significantally elevated levels of PAI, az- antiplasmin together
with low protein C level in diabetic patients may result in the disturbance of haemostatic balance favoring thrombotic events.

Conclusion: High levels of plasma fibrinogen, a2 A- antiplasmin with low plasma protein C activity could lead to a prothrombotic
tendency in insulin dependent diabetic patients. Moreover, in non-insulin dependent diabetic patients, the above mentioned
parameters together with high levels of ADP-induced platelet aggregation and plasminogen activator inhibitor may increase the
risk of thrombotic complications. Obesity can be considered as an additional risk factor for development of thrombosis in diabetic

patients.
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1. Introduction

Diabetes mellitus is one of the most common serious
metabolic disorders in man. It is not one, but rather
a group of related diseases characterized by chronic
hyperglycemia [3].

The fibrinolytic system is natural defense against
thrombosis. A balance exists between plasminogen
activators and inhibitors, and impairment of this bal-
ance can caused either by diminished release of tis-
sue plasminogen activator (t-PA) or increased levels
of plasminogen activator inhibitor 1 (PAI-1). PAI-1 is
a serine protease inhibitor and evidence suggests that
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it is the major regulator of the fibrinolytic system. It
binds and rapidly inhibits from an inactive irreversible
complex [5].

Diabetes mellitus associated with both metabolic and
vascular abnormalities and although a causal link be-
tween the two has been suggested. This has not been
fully established [13]. Patients with diabetes melli-
tus have an increased risk of cardiovascular diseases,
especially myocardial infarction, cerebrovascular and
peripheral vascular diseases. These complications ac-
count for 80% of the deaths in people with non-insulin
dependent diabetes. With 60% attributable to ischemic
heart disease. Much attention has been devoted to
the pathogenic factors, altered haemostatic balance, in-
cluding abnormalities in platelet function, increase in
blood coagulability and altered fibrinolytic system [17].
Since most of these abnormalities indicate a hyperco-
agulable and hypofibrinolytic state leading to enhance
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Table 1
Haemostasis parameters of insulin dependent diabetic patients compared to healthy control group
Groups Prothrombin Partial Thrombin Plasminogen az- Plasminogen Fibrin
Time (PT) Thromboplastin Time (TT) (%) antiplasmin  activator inhibitor degradation
(secs) Time (PTT) (Secs) (Secs) (%) (IU/ml) products (FDPs)
Healthy controls
Range (11.4-15.0) (30.5-39.1) (13.5-17.2) (77.0-133.0)  (79.0-145.0) (0.3-2.8) Negative
Mean + SE.  12.854+0.29 35.48 £ 0.63 15.154+ 031 106.0+3.75 103.1+£45 1.853 +0.192
Insulin dependent
diabetic patients
(IDDM):
Range (11.4-14.0) (28.0-45.0) (12.4-18.5)  (66.09-122.4)  (105-185) (0.51-3.56) Negative
Mean + S.E. 1231 +0.22 36.87 £1.3 15.8+£0.47 104.01 £3.824 1432+6.5  2.161 +0.253
P value = N.S. N.S. N.S. N.S. 0.001 N.S.

P value: t-test for distribution differences between two samples means.

N.S.: Non-significant.
p = 0.001: Very highly significant.

Fibrinogen, factors II, VIL, IX & X, protein C and ADP-induced p
healthy control group

Table 2
latelet aggregation levels in insulin dependent diabetic patients compared to

Groups Fibrinogen Factor Factor Factor Factor Protein ADP-induced
(mg/dl) 11 (%) VII (%) IX (%) X (%) C (%) platelet
aggregation (%)
Healthy controls
Range (210-355) (78-157) (82-148) (75-145) (78-160) (79-160) (55-90)
Mean =+ S.E. 279.8 £11.3 113 +£6.5 1083 £5.0 108+£59 1158+54 121.6 £ 6.3 68 +£291
Insulin Dependent
Diabetic Patients (IDDM):
Range (220-215) (70-135) (65-145) (75-170) (75-150) (20-120) (58-85.2)
Mean =+ S.E. 3397+ 199 1033 +52 947+64 107 £6.7 106 £5.7 68.3 + 8.2 7212 £2.35
P value = 0.05 N.S. N.S. N.S. N.S. 0.001 N.S.

P value: t-test for distribution differences between two samples means..

N.S.: Non-significant.
p = 0.05: Significant.
p = 0.001: Very highly significant.

intravascular fibrin deposition, they have been linked to
the high risk for cardiovascular morbidity and mortality
among these patients [25].

The aim of this study was undertaken to determine
the behavior of haemostatic variables and also the risk
factors associated with diabetes mellitus.

2. Patients and methodes

The present study has been carried out on diabetic
outpatients clinic of Maadi Armed Forces Hospital,
Cairo. The study was conducted on 90 cases (45dia-
betic patients and 45 healthy controls of matched age
and sex as the diabetic patients). The diabetic patients
were stratified according to WHO criteria (1985) as
follows:

— Group I: Comprised fifteen insulin-dependent di-
abetic patients (aged 12-21 years).

— Group II: Comprised fifteen non-obese, non-
insulin dependent diabetic patients (aged 41—
64 years), their body mass index below 30 kg/m 2.

— Group III: Comprised fifteen obese, non-insulin
dependent diabetic patients (aged 43-58 years),
their body mass index above 30 kg/m?2.

Controls were divided into three groups:

— Group a: Comprised fifteen healthy volunteers of
matched age and sex as group I of insulin depen-
dent diabetic patients.

— Group b: Comprised fifteen healthy non-obese
adult control, age ranges from 43 to 65 years with
matched sex as group II.

— Group c: Comprised fifteen obese adult control,
age ranges from 42 to 59 years with matched sex
as group III.

Plasma from controls and diabetic patients were sub-
jected to the following assessments: prothrombin time,
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Table 3
Haemostasis parameters of non-insulin dependent diabetic patients compared to non-obese healthy control group
Groups Prothrombin Partial Thrombin ~ Plasminogen az- Plasminogen Fibrin
Time (PT) Thromboplastin Time (TT) (%) antiplasmin activator inhibitor ~ degradation
(secs) Time (PTT) (Secs) (Secs) (%) (IU/ml) products (FDPs)
Non-obese
healthy control:
Range (10.8-14.9) (30.0-40.0) (12.7-17.0)  (75.0-137.0) (76.0-130.0) (0.8-3.3) Negative
Mean + S.E. 12.73 £0.32 35.16 £0.71 15.07£0.31 109.2+446 1029+43 2.04 +0.188
Non-obese, non-Insulin
Dependent Diabetic
Patients:
Range (11.5-15.5) (33.0-40.0) (11.0-20.0)  (92.2-140.0) (95-165) (2.56-9.3) Negative
Mean + S.E. 13.3£0.34 36.29 £ 0.55 16.19 £0.62 117.25+1.95 1268 +£5.5 4.27+0.497
P value = N.S. N.S. N.S. N.S. 0.01 0.001

P value: t-test for distribution differences between two samples means.
N.S.: Non-significant.

p = 0.01: Highly significant.

p = 0.001: Very highly significant.

Table 4

Fibrinogen, factors II, VII, IX & X, protein C and ADP-induced platelet aggregation levels in non- obese, non- insulin dependent diabetic patients

compared to non-obese healthy control group

Groups Fibrinogen Factor Factor Factor Factor Protein ADP-induced
(mg/dl) 1I (%) VII (%) IX (%) X (%) C (%) platelet
aggregation (%)
Non-obese healthy control:
Range (210-358) (78-150) (77-150) (77-160) (72-145) (85-145) (52-81)
Mean £ S.E. 269.7+£105 111.9+6.0 1074£53 1135+6.6 1133 +53 113.6 £4.4 65.13£23
Non-obese, non-Insulin
Dependent Diabetic Patients:
Range (200-460) (80-140) (60-145) (65-180) (75-180) (45-150) (81.9-93)
Mean £ S.E. 3353+£20.6 106.7+52 105+£6.4 102 £ 8.5 1157+£9.1 893+77 86.41 +0.87
P value = 0.05 N.S. N.S. N.S. N.S. 0.05 0.001
P value: t-test for distribution differences between two samples means.
N.S.: Non-significant.
p = 0.05: Significant.
p = 0.001: Very highly significant.
partial thromboplastin, thrombin time, clotting factors 3. Results

II, VII, IX & X activities, protein C, fibrinogen us-
ing a kit supplied by Behringwerke AG, Marburg, Ger-
many. ADP-induced platelet aggregation by Born [4],
as- antiplasmin, Plasminogen & Plasminogen activator
inhibitor (PAI) were determined kinetically using the
kit supplied by behringwereke AG, Marburg Germany.
Fibrin degradation products (FDPs) were assayed by
the use of latex particles coated with monoclonal anti-
bodies to FDP according to the method of Mirshahi et
al. [19].

2.1. Statistical analysis

The statistical computation in this study were per-
formed using the IBM-Personal Computer XT, statisti-
cal package SPSS for windows version 10.05.

From the results given in Table 1, values of prothrom-
bin time, partial thromboplastin and thrombin time in
insulin dependent diabetic patients showed statistically
insignificant differences when compared to the control
group.

The mean normal value of plasminogen, a - antiplas-
min, and plasminogen activator inhibitor were found to
be 106 £ 3.75%, 103.1 = 4.5% and 1.853 £ 0.192% re-
spectively. The insulin dependent diabetic patients ex-
hibited a non-significant change in plasminogen, plas-
minogen activator inhibitor and a very highly signif-
icant elevation in as- antiplasmin (p = 0.001) com-
pared to its healthy control group (Table 1). Also, fib-
rin degradation products in insulin dependent diabetic
patients were found to be negative.

Significantly elevated mean plasma fibrinogen was
observed in insulin dependent diabetic patients (339.0
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£ 19.9 mg/dl.) as compared to the healthy control
(279.8 £ 11.3 mg/dl.) (p = 0.05) (Table 2).

From the results represented in Table 2, we observed
non-significant differences in coagulation factors (II,
VII, IX and X) and ADP-induced platelet aggregation
(%) in insulin dependent diabetic patients compared
with their healthy control.

The mean values of anticoagulant protein C was sig-
nificantly decreased in insulin dependent diabetic pa-
tients (68.3 &= 8.2%) as compared to that of their healthy
control (121.6 & 6.3%) (p = 0.001) (Table 2).

Form the results represented in Table 3, we observed
insignificant differences in prothrombin time, partial
thromboplastin time and thrombin time in non-obese,
non-insulin dependent diabetic patients compared to
that of the control group.

Table 3 showed that the mean normal levels of a -
antiplasmin and plasminogen activator inhibitor were
found to be 102.9 £ 4.3% and 2.04 £ 0.188% respec-
tively. The non-obese, non-insulin dependent diabetic
patients showed a highly significant increase in plas-
minogen activator inhibitor (p = 0.01, = 0.001 respec-
tively) compared to its control group.

The mean value of plasminogen in non-obese,
non-insulin dependent diabetic patients (117.247 +
3.954%) showed a statistically non-insulin difference as
compared to their healthy control group (Table 3). Also
fibrin degradation products in non-obese, non-insulin
dependent diabetic patients was found to be negative.

Significantly elevated mean plasma fibrinogen was
observed in non-obese, non-insulin dependent diabetic
patients (335.3 £ 10.5 mg/dl.) as compared to the
healthy control (269.7 + 10.5 mg/dl) (p = 0.05) (Ta-
ble 4).

Our results listed in Table 4 revealed anon-significant
changes in coagulation factors I, VII, IX, and X in non-
obese, non-insulin dependent diabetic patients com-
pared with their healthy control.

The mean values of anticoagulant protein C was sig-
nificantly decreased in non-obese, non-insulin depen-
dent diabetic patients (89.3 & 7.71%) as compared to
that of their healthy control (113.6 + 4.4%) (p = 0.05)
(Table 4).

The mean ADP- induced platelet aggregation (%) in
non-obese healthy control was 65.3 & 2.3%. The mean
ADP-induced platelet aggregation in non-obese, non-
insulin dependent diabetic patients (86.41 £+ 0.87%)
was statistically higher than that of the control group
(p = 0.001) (Table 4).

Table 5 showed insignificant differences in pro-
thrombin time, partial thromboplastin time and throm-

bin time in obese non-insulin dependent diabetic pa-
tients compared to that of obese control group.

Table 5 showed that then mean normal levels of a o-
antiplasmin and plasminogen activator inhibitor were
found to be 108.0 + 4.8% and 1.56 £ 0.18% respec-
tively. The obese, non-insulin dependent diabetic pa-
tients showed a highly significant increase in as- an-
tiplasmin and very highly significant increase in plas-
minogen activator inhibitor (p = 0.01, = 0.001 respec-
tively) compared to its control obese group.

The plasminogen activator inhibitor level showed
good specificity in both non-obese and obese non-
insulin dependent diabetic patients at decision level
above 3.4 IU/ml and 2.8 IU/ml respectively, it was also
very sensitive in distinguishing obese non-insulin de-
pendent diabetics from their healthy control (Table 7).

The mean values of plasminogen in obese, non-
insulin dependent diabetic patients (112.133 £3.957%)
showed statistically non-significant difference as com-
pared to their obese control (Table 5). Also, fibrin
degradation products in obese, non-insulin dependent
diabetic patients was found to be negative.

From the results represented in Table 6, we observed
insignificant differences in coagulation factors II, VII,
IX and X in obese, non-insulin dependent diabetic pa-
tients compared with obese control group.

The mean normal values of fibrinogen and anticoag-
ulant protein C were found to be 279.5 + 11.9 mg/dl
and 115.9 £ 4.8% respectively. The obese non-insulin
dependent diabetic patients exhibited a significant in-
crease in fibrinogen (345.7 £ 28.6 mg/dl) compared
to obese control (p = 0.05) and a significant decrease
in protein C was observed (88.9 £ 8.7%) compared to
obese control (p = 0.05) (Table 6).

Our data in Table 6 have shown a very highly signif-
icant increase in ADP- induced platelet aggregation %
(mean £ S.E., 96.49 + 1.95%) as compared with obese
control (mean + S.E., 66.73 + 2.33%) (p = 0.001).

4. Discussion

Diabetic patients are considered to beat increased
risk of thromboembolic disease, but it seems that, this
assumption is not entirely true. These patients are not
particularly prone to the classic presentations of throm-
bophilic diathesis, such as deep vein thrombosis or pul-
monary embolism, but are at high risk for atherosclero-
sis and its vaso-occlusive complications [1]. Multiple
occlusions also occur in the small vessels of the retina.
Peripheral nerves and other tissues. Diabetes mellitus
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Table 5
Haemostasis parameters of obese, non-insulin dependent diabetic patients compared to obese healthy control group
Groups Prothrombin Partial Thrombin Plasminogen az- Plasminogen Fibrin
Time (PT) Thromboplastin Time (TT) (%) antiplasmin  activator inhibitor degradation
(secs) Time (PTT) (Secs) (Secs) (%) (IU/ml) products (FDPs)
Obese control:
Range (11.0-14.9) (31.8-38.7) (13.2-17.8)  (88.0-140.0) (83.0-138.0) (0.4-2.6) Negative
Mean + S.E. 12.86 £ 0.35 35.47 £0.53 1517 £0.32 112.13 £396 108.0 4.8 1.56 + 0.12
Obese, non-Insulin
Dependent Diabetic
Patients:
Range (10.9-13.6) (32.0-43.0) (10.6-18.3)  (90.57-150.0)  (100-190) (2.39-8.29) Negative
Mean + S.E. 12.22 £0.21 36.77 £ 0.88 1577 £0.58 122.68 £5.17 1343 +5.6 5.32+0.47
P value = N.S. N.S. N.S. N.S. 0.01 0.001

P value: t-test for distribution differences between two samples means.
N.S.: Non-significant.

p = 0.01: highly significant.

p = 0.001: Very highly significant.

Table 6

Fibrinogen, factors II, VII, IX & X, protein C and ADP-induced platelet aggregation levels in obese, non- insulin dependent diabetic patients

compared to obese control group

Groups Fibrinogen Factor Factor Factor Factor Protein ADP-induced
(mg/dl) 11 (%) VII (%) IX (%) X (%) C (%) platelet
aggregation (%)
Obese control:
Range (215-380) (75-162) (85-153) (79-165) (75-155) (75-142) (55-68)
Mean + S.E. 2795+ 119 1143+72 1089+£52 1125+ 64 1156 £57 1159+48  66.73 +2.33
Obese, non-Insulin
Dependent Diabetic Patients:
Range (200-550) (75-170) (80-165) (70-200) (75-140) (33-141) (88-110)
Mean + S.E. 345.7+£28.6 109.7 £ 6.7 115+ 6.6 1203 4+£9.7 1023 +55 88.9+8.7 96.49 £+ 1.95
P value = 0.05 N.S. N.S. N.S. N.S. 0.05 0.001

P value: t-test for distribution differences between two samples means.
N.S.: Non-significant.

p = 0.05: Significant.

p = 0.001: Very highly significant.

therefore appears to damage the vessels making them
more susceptible to occlusion [23].

The coagulation abnormalities observed in diabetic
patients seem to be caused by the hyperglycemia, which
also contributes the distinguishing feature of this dis-
ease [6]. Fibrinolytic activity has been reported to be
normal, elevated or low in diabetic patients [15]. Alter-
ations in factors such as fibrinogen concentration and
turnover, fibronectin, and platelet adhesiveness and ag-
gregation are found in non-insulin dependent diabetic
patients and can leadto excess accumulation of fibrin
and platelet on vascular walls [14].

The results assay of coagulation factors II, VII and
X in diabetic patient groups were not statistically dif-
ferent from that of the healthy control groups. This
finding is in agreement with the studies of Ibbotson
et al. [13] who suggested that any differences in gen-
eration of thrombin activity in plasma of diabetic pa-
tients compared to normal individuals are likely to be

insignificant and the blood coagulation is not enhanced
in diabetic patients compared with control subjects.

However, there was significant difference in factor
VII level being higher in obese, non-insulin dependent
diabetic patients compared to insulin dependent dia-
betic patients. This may accuse obesity as a risk factor
in the pathogenesis of thrombosis. These results were
similar to obese of Primrose et al. [24] who noticed that
factor VII levels found to be of higher levels in obese
patients compared to control group.

Obesity is associated with hyperinsulinemia and hy-
perlipidemia as well as enhancing haemostasis and de-
creasing fibrinolytic function [24].

Regarding fibrinogen level, high significant level was
demonstrated in the three groups of diabetes studied
compared to their controls but the difference between
each one of the three groups and the other was insignif-
icant.
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Diagnostic performance of az- antiplasmin and plasminogen activator inhibitor in different diabetic groups studied

Groups

a2- antiplasmin (%)

Plasminogen activator inhibitor (PAI) (IU/ml)

Insulin dependent diabetic
patients Vs Healthy control

Decision Level > 147
Sensitivity (%) 100
Specificity (%) 65
*PPV (%) 47
**NPV (%) 100
efficiency (%) 73

Insulin dependent diabetic

patients Vs Healthy control
Decision Level > 130
Sensitivity (%) 100
Specificity (%) 65
*PPV (%) 47
**NPV (%) 100
efficiency (%) 73

Insulin dependent diabetic

patients Vs Healthy control
Decision Level > 140
Sensitivity (%) 100
Specificity (%) 60
*PPV (%) 33
**NPV (%) 100
efficiency (%) 67

Non-Significant
(p > 0.05)
No separation
between the two groups.

>34

100
71
60

100
80

>2.8
100

100
100
97

Sensitivity (%): Percentage of people with the disease who have a positive test.
Specificity (%): Percentage of people without the disease who have a negative test.

*PPV (%): Positive Predictive Values.
**NPV (%): Negative Predictive Values.

Increased plasma fibrinogen may contribute to a hy-
percoagulable state in non-insulin dependent diabetes
mellitus [10]. Fibrinogen may induce thrombus forma-
tion by affecting platelets and erythrocytes to aggrega-
tion and by promoting increased blood viscosity [20].
Plasma fibrinogen is often elevated in diabetes which
has been identified as a major vascular risk factor [12].

Also, fibrinogen, the immediate precursor of fibrin,
is frequently elevated in patients with non-insulin de-
pendent diabetes mellitus and this elevation is associ-
ated with poor glycemic control [18]. It has been pre-
viously shown that increased fibrinogen synthesis and
turnover in diabetes are related to insulin deficiency
and can be corrected by insulin administration [8].

Protein C is one of the most important antithrom-
botic components.  After activation by thrombin-
thrombomodulin complex on the endothelial cells, ac-
tivated protein C ( APC) inactivates factor VIIla and
Va and hence, inhibits thrombin formation.

APC was demonstrated to show profibrinolytic ac-
tivity by inactivating plasminogen activator inhibitor.
Since severe thrombosis was observed in patients with
protein C deficiency. Protein C might play a critical
role in antithrombotic process. Protein C might be con-
sumed by developing the hypercoagulable state [22].

Compared with carefully matched control subjects,
insulin dependent and non-insulin dependent diabetic
patients showed significantly decreased level of protein
C in plasma. This decrease may be caused by either
a reduced synthesis of protein C in the liver or by in-
creased clearance from the blood plasma. This decrease
is an indicator of an abnormal, probably hypercoagula-
ble, haemostatic situation in diabetic patients [26].

Our results showed no significant difference in
platelet aggregation in insulin dependent diabetic pa-
tients in comparison to their control group. These
results are in accordance with the findings of others
who reported normal platelet aggregation in non-insulin
complicated cases of type I diabetes [2,11].

Plasma a- antiplasmin was significantly highly in
the three groups of diabetic patients studied compared
to that of their control groups. However, no significant
difference was found between any one group and the
other.

Cucuionu et al. [7] demonstrated that fibrinolysis
was delayed by increase in the concentration of fibrino-
gen, plasminogen activator inhibitors, a - antiplasmin
and factor XIII (in he presence of as- antiplasmin).
Thrombin induced release of PAI from platelets also
contributed to retard clot lysis [9].
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Wun and Copuauo [29] also showed that in the pres-
ence of fibrin a certain amount of t-PA may dissociate
from its complex with plasminogen activator inhibitor.
The released activator will then act on the clot, particu-
larly in low activity of factor XIII and a - antiplasmin
and more susceptible to fibrinolysis.

Regarding plasminogen activator inhibitor, our re-
sults indicated that non-insulin dependent diabetic pa-
tients (non-obese and obese) exhibited a very highly
significant increase its level (Tables 3 and 5). Whereas
a non-significant difference was found in insulin de-
pendent diabetic patients as compared to their healthy
control groups.

This parameter which has also proved to have high
diagnostic efficiency may play a cardinal role in the
follow-up of diabetic patients and could be considered
as good prognostic factor in follow-up of patients to
detect early development of a prothrombotic state par-
ticularly in non-insulin dependent diabetics.

The above findings were consistent with Viceri et
al. [27] who reported normal tissue plasminogen ac-
tivator and plasminogen activator inhibitor activity in
plasma from patients with type I diabetes mellitus.

The altered levels of PAI-1 in patients with diabetes
may result from genetic polymorphisms influencing
PAI-1 gene expression. Theoretically such polymor-
phisms could exist at or near the PAI-1 gene or at some
distant gene which codes for a factor that controls PAI-1
gene expression [21].

Fibrin/fibrinogen degradation products in all dia-
betic patients studied were found to be negative reflect-
ing insignificant intravascular coagulapthy. Jones et
al. [16] were unable to demonstrate any fibrin degra-
dation products consistently in any of the diabetic pa-
tients.

From these findings we may conclude that high levels
of plasma fibrinogen, as- antiplasmin with low plasma
protein C activity could to a prothrombotic tendency
in insulin dependent diabetic patients. Moreover, in
non-insulin dependent diabetic patients, the above men-
tioned parameters together with high levels of ADP-
induced platelet aggregation and plasminogen activator
inhibitor may increase the risk of thrombotic compli-
cations.It was also demonstrated that plasminogen ac-
tivator inhibitor, serum cholesterol and triacylglycerol
were higher in obese non-insulin dependent diabetic
patients. From these observations we may suggest that
obesity can be considered as an additional risk factor
for development of thrombosis in diabetic patients.
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