
A high fibrinogen level is an independent risk factor
for coronary heart disease, stroke and peripheral ar-
terial disease in the general population [1, 2]. In dia-
betic patients, there is a 2–3 fold greater risk of coro-
nary vascular disease and stroke than in the non-dia-
betic population, and a 3- to 6-fold greater risk of

peripheral arterial occlusive disease [3]. The patho-
physiological mechanism linking elevated fibrinogen
levels to increased risk of vascular complications is
not clear. In diabetic patients, elevated plasma fibrin-
ogen levels may also be seen in patients with no evi-
dence of vascular disease [4, 5]. However, it may be
difficult to detect the early stages of vascular compli-
cations, as it is a process ongoing for several years.
The mechanism by which fibrinogen acts is unclear,
but it may play a part in the pathogenesis of vascular
complications, as the structural element in a clot is
derived from fibrinogen. Upon activation with
thrombin, fibrinogen molecules form fibrin mono-
mers that polymerize and create a fibrin network [6,
7]. Depending on the conditions prevailing during ac-
tivation, the gels formed may vary in structure [7].
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Summary High plasma fibrinogen levels are associ-
ated with vascular complications in the general popu-
lation. Fibrin, the structural element in a clot, is de-
rived from fibrinogen by activation of thrombin. An
abnormal fibrin gel structure has been demonstrated
in patients with myocardial infarction and in diabetic
patients during poor metabolic control. In the present
study the properties of fibrin gel structure were inves-
tigated in 20 patients with insulin-dependent diabetes
mellitus (IDDM): 10 patients without (age: 30 ± 8; di-
abetes duration: 7 ± 6 years), and 10 patients (age:
44 ± 7; diabetes duration: 27 ± 9 years) with microan-
giopathy. Fifteen healthy subjects served as controls
(age: 40 ± 8 years). The glycosylated haemoglobin le-
vel (HbA1c) was elevated (p < 0.001) in the patients:
6.5 ± 1.5% in diabetic patients without, and
7.1 ± 1.0% in diabetic patients with microangiopathy.
C-reactive protein and plasma fibrinogen were simi-
lar as compared to healthy control subjects. The

properties of the fibrin gel structure; i. e. the perme-
ability coefficient (Ks) and the fibre mass length ratio
(m) formed in recalcified plasma on addition of
thrombin were investigated. Ks was decreased in the
diabetic patients, with (6.5 ± 2.0 cm2; p < 0.01) and
without microangiopathy (6.5 ± 2.7 cm2; p < 0.05), as
compared to healthy subjects (10.0 ± 3.4 cm2), while
m was not significantly (p = 0.14) altered. The results
indicate a lower fibrin gel porosity in patients with
IDDM, despite normal plasma fibrinogen and irre-
spective of microangiopathy. The abnormal fibrin gel
structure may be due to an increased glycosylation
of the fibrin (-ogen) molecule caused by long-term
hyperglycaemia and may be of importance for the de-
velopment of angiopathy in diabetic patients. [Dia-
betologia (1996) 39: 1519–1523]
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Increased clotting potential or fibrinogen levels may
form a more rigid fibrin gel structure, which might
be more thrombogenic [8]. The fibrin gel structure
has been studied in vitro during standardized condi-
tions and a tighter and less permeable fibrin network
with thinner fibrin strands has been found in patients
suffering from ischaemic heart disease with a first my-
ocardial infarction before the age of 45 years [9]. Sim-
ilar changes have been demonstrated in patients with
insulin-dependent diabetes (IDDM) during poor
metabolic control [10].

The aim of the present study was to investigate if
the properties of fibrin gel structure are altered in pa-
tients with IDDM, and if any differences could be re-
lated to late diabetic complications.

Subjects and methods

Patients. Two groups of patients with IDDM were investi-
gated; ten patients with and ten without microangiopathy.
The basic characteristics are presented in Table 1. The pa-
tients with microangiopathy all had background or preprolif-
erative retinopathy and three patients also had microalbumin-
uria. None had a history of cardiovascular events or stroke
and electrocardiograms and segmental blood pressure (arm,
ankle, and toe blood pressure) were normal. All patients
were treated with insulin four times daily, i. e. regular insulin
at meal times and NPH insulin at night. No other medication
was given, including drugs containing acetyl salicylic acid or
antiflogistics during the 2 weeks before the blood samples
were taken. None of the female patients used oral contracep-
tive agents.

Healthy subjects. We investigated 15 healthy control subjects.
None had a family history of diabetes. Their basic characteris-
tics are shown in Table 1. All drugs containing antiflogistics or
acetyl salicylic acid were avoided during 2 weeks before the
blood samples were taken and none of the female participants
used any oral contraceptive agents.

Blood tests. Venous blood was taken in the morning after 12 h
fast for determination of glycosylated haemoglobin (HbA1c),
plasma fibrinogen, C-reactive protein (CRP), von Willebrand
factor ag (vWF), functional tissue plasminogen activator (t-
PA) without stasis, and fibrin gel structure.

HbA1c was analysed by an ELISA-method using mono-
clonal antibodies from Dakopatts, Dako Diagnostics Ltd,
Cambridge, UK, as was vWF using an Asserachrom vWF kit
from Stago, Asnieres, France [11]. Plasma C-reactive protein
was analysed by Beckman CRP reagents from Beckman,
Brea, California, USA, and t-PA with Spectrolyse/fibrin kit
from Biopool, Umeå, Sweden [12]. Fibrinogen was analysed
with a syneresis method measuring total fibrinogen [13]. Fibrin
gel structure was assayed as described previously [7, 8]. The
plasma samples were dialysed against TNE-buffer (0.05 mol
Tris, 0.1 mol NaCl, 1 mmol EDTA buffer, pH 7.4). The dial-
ysed plasma (1 ml) was recalcified with CaCl2 to give a final
concentration of 20 mmol/ml in the cuvettes, and thrombin
was immediately added to reach a clotting time of 45–50 s.
The fibrin gels formed in the cuvettes were left to mature in
room temperature for 18–24 h before permeation. Five differ-
ent hydrostatic pressures were used to percolate a Tris-imida-
zole buffer (0.02 mol/l Tris, 0.02 mol/l imidazole, 0.1 mol/l

NaCl, pH 7.4) through the gel. The permeability coefficient
(Ks) and the fibre mass/length ratio (m) were determined as de-
scribed by Blombäck et al. [8]. The reproducibility parameters
for the permeability coefficient (Ks) and the fibre mass/length
ratio (m) are in both cases 7 %.

Statistical analysis. Data are given as mean ± SD. The Mann-
Whitney U test was used to test differences between the
groups. A value of p less than 0.05 was considered statistically
significant.

The study was approved by the ethics committee of the
Karolinska Hospital and the subjects had given their informed
consent.

Results

The results are shown in Table 2. Metabolic control,
as measured by HbA1c, was similar in the two patient
groups, but significantly elevated (p < 0.001) as com-
pared to healthy control subjects. Levels of CRP,
plasma fibrinogen and vWF were similar in patients
and healthy control subjects. No correlation was
seen between HbA1c and plasma fibrinogen (r = 0.20;
p = 0.44). The permeability coefficient (Ks) was sig-
nificantly lower in the diabetic patients, both in pa-
tients with (p < 0.01) and without (p < 0.05) microan-
giopathy, as compared to the healthy control subjects
(Fig. 1). Among the patients, the highest Ks value
(12.3) was found in one patient with a short diabetes
duration of 25 months, who was in remission (HbA1c
4.1%) and without insulin therapy for 3 months.
This patient is marked with * in the figures. An in-
verse correlation was found between HbA1c and the
permeability coefficient (Ks) when patients and heal-
thy control subjects were counted together (r = −0.53;
p = 0.001). This correlation was not significant (r = −
0.36; p = 0.11) when the healthy control subjects
were excluded from the calculations (Fig. 2). The
fibre mass length ratio (m) was not significantly
(p = 14) altered in the patients, as compared to heal-
thy control subjects (Fig. 3), and there was no correla-
tion between HbA1c and fibre mass length ratio (m)
(Fig. 4).
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Table 1. Characteristics of diabetic patients and healthy sub-
jects

IDDM
without
complication

IDDM with
complication

Healthy
control
subjects

Sex (male/female) 6/4 6/4 8/7

Age (years) 30 ± 8 44 ± 7a 40 ± 8

Diabetes duration
(years) 7 ± 5 27 ± 9b –

Smokers (n ) 3 3 5

The values are given as mean ± SD or number.
a p < 0.01; b p < 0.001 as compared to IDDM patients without
complications



Discussion

The results of the present study show altered proper-
ties of the fibrin gel structure in patients with
IDDM, despite normal plasma fibrinogen levels, no
evidence of macroangiopathy, and irrespective of mi-
croangiopathy. None of the patients had any signs of
ongoing inflammation or infection and the acute
phase reactant CRP was normal. The vWF and t-PA
levels were within the normal range, indicating a nor-
mal endothelial cellular function. The altered fibrin
gel structure was characterized by a reduced perme-
ability coefficient (Ks), while the fibre mass length ra-
tio (m) was not significantly decreased (p = 0.14).

Diabetes is associated with a thrombophilic state
[14] and several epidemiological studies have shown
that diabetic patients more rapidly develop thrombo-
embolic events [15]. The plasma fibrinogen level is
frequently elevated in diabetes and particularly in pa-
tients with vascular complications and impaired met-
abolic control [4]. The exact mechanism by which fi-
brinogen acts is not clear, but fibrinogen is the final
common denominator of the clotting process that oc-
curs at sites of lesions in the blood vessel wall, and
may therefore be of pathophysiological importance
for the atherosclerotic process and not only a second-
ary marker of this process. The structure of a clot is
made by fibrin, which is derived from fibrinogen
when activated by thrombin. The properties of fibrin
gel structure depend on the conditions prevailing dur-
ing activation [8, 16–19] and the fibrin gel structure
may vary between two extremes; i. e. thin fibre
strands with small liquid spaces in between and thick-
er fibre strands with large pores [6, 7]. Alterations in
the fibrin gel structure have been described in dia-
betic patients during poor metabolic control [10] and

in patients suffering a myocardial infarction before
the age of 45 [8]. In these two studies, the permeabil-
ity coefficient (Ks) and fibre mass/length ratio (m)
were both decreased [9, 10]. A low permeability coef-
ficient (Ks) indicates a tighter fibrin gel architecture,
while a decreased fibre mass length ratio (m) indicates
a reduced fibre strand diameter and differences in hy-
dration [7]. These changes have also been demon-
strated by three-dimensional microscopy [8]. The
properties of the fibrin network contribute to the reg-
ulation of the fibrinolytic rate, e. g. a decrease in fibre
size is associated with a reduced fibrinolytic rate [20].
The reason may be that a tighter and more rigid fibrin
gel structure decreases the availability of fibrinolytic
enzymes to reach their binding sites leading to im-
paired fibrinolysis [10, 21] and vascular complica-
tions.

In the present study, the plasma fibrinogen levels
were normal in both patient groups, despite a mean
diabetes duration of 27 years in the patients with mi-
croangiopathy. Elevated levels have earlier been
shown in diabetic patients with retinopathy [5], so
the findings are somewhat surprising, but may indi-
cate that we have investigated a “healthy” group of
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Table 2. Laboratory tests in diabetic patients and healthy sub-
jects

IDDM
without
complication

IDDM with
complication

Healthy
control
subjects

n 10 10 15

HbA1c (%) 6.5 ± 1.5c 7.1 ± 1.0c 3.7 ± 0.5

C-reactive protein (mg/l) 5.5 ± 2.3 4.9 ± 0.3 4.9 ± 1.0

Plasma fibrinogen (g/l) 3.1 ± 0.6 3.2 ± 0.7 3.0 ± 0.6

Permeability coefficient,
Ks (cm2 × 109) 6.6 ± 2.7a 6.5 ± 2.1b 10.0 ± 3.4

Fibre mass length ratio,
m (Da/cm × 10−12) 108 ± 61 112 ± 52 134 ± 59

von Willebrand Factor
(IU/ml) 0.98 ± 0.22 0.87 ± 0.16 0.88 ± 0.22

Tissue plasminogen
activator (IU/ml) 0.67 ± 0.35 0.64 ± 0.29 0.44 ± 0.13

Values are given as mean ± SD.
a p < 0.05; b p < 0.01; c p < 0.001 as compared to healthy con-
trols
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Fig. 1. Permeability coefficient (Ks) of fibrin gel structure in
10 diabetic patients without complications, 10 diabetic patients
with complications and 15 healthy control subjects. Box-plot
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lin treatment for 3 months
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diabetic patients. The normal levels of vWF and t-PA
also support this. The plasma fibrinogen values seen
in our patients may be positively influenced by the
fairly good metabolic control in these patients, as the
level of plasma fibrinogen is related to the metabolic
control in patients with diabetes [4]. However, de-
spite normal fibrinogen levels and no evidence of
macrovascular disease, the properties of the fibrin
gel structure were altered in our diabetic patients.
The permeability coefficient (Ks) was significantly
lower irrespective of late diabetic complications,
while the fibre mass/length ratio (m) was not signifi-
cantly reduced, indicating a tighter fibrin gel struc-
ture than normal, but with fibre strands of normal
thickness. However, a tendency towards lower fibrin
mass/length ratio (m) can be suspected in the patients
with complications (Fig. 3) and the normal fibrin
mass length ratio (m) in this patient group may be
due to a type II error. In the study by Nair et al. [10],
who investigated diabetic patients during poor meta-
bolic control, both permeability coefficient (Ks) and
fibre mass length ratio (m) were decreased. The rea-
son for this discrepancy, as compared to the present

study, may be related to a type II error as described
above, or to differences in metabolic control, plasma
fibrinogen level, and/or late complications. No infor-
mation regarding plasma fibrinogen levels and late
diabetic complications are available in the study by
Nair et al. [10].

The exact mechanism behind the altered fibrin gel
structure in patients with diabetes is not known, but
hyperglycaemia is most likely an important factor. A
decreased permeability of the fibrin network has
been demonstrated in vitro when glucose is added to
normal plasma [10]. Proteins undergo increased glyc-
osylation when exposed to supranormal glucose lev-
els and the functionality of the molecule may be al-
tered [22]. This mechanism has been shown in vitro
for antithrombin [23]. Fibrinogen appears to be only
slightly glycosylated in non-diabetic subjects, but to
a greater extent in diabetic patients [24].

The alteration of the fibrin gel structure seems to
start early after onset of diabetes, as the patients with-
out microangiopathy demonstrated similar changes
as the patients with microangiopathy, despite young-
er age and shorter diabetes duration. One patient
showed a markedly higher permeability coefficient
(Ks) than the other patients. This patient had the
shortest diabetes duration (25 months) and had been
without insulin therapy for 3 months because of suffi-
cient endogenous insulin production. Her HbA1c was
also normal. It could be argued that this patient
should be excluded from the study since she is C-pep-
tide positive. However, as this patient had a diabetes
debut typical for IDDM we think the results are of in-
terest, as it supports the hypothesis that hyperglycae-
mia influences fibrin gel structure.

In conclusion, the present study shows an altered
fibrin gel structure in patients with IDDM and irre-
spective of microangiopathy. The fibrin gel structure
was characterized by a reduced permeability coeffi-
cient (Ks), indicating a less porous fibrin network. In
contrast to earlier findings in non-diabetic patients,
this alteration in fibrin gel structure was seen despite
normal plasma fibrinogen levels and no evidence of
macroangiopathy. The altered fibrin gel structure
may be due to increased glycosylation of fibrinogen
and fibrin and may be of importance for the develop-
ment of angiopathy in diabetic patients. Acetyl sali-
cylic acid seems to improve the properties of fibrin
gel structure in non-diabetic patients with stable an-
gina pectoris [21, 25] and may therefore be of impor-
tance for the treatment of vascular diseases. If it is
possible to improve the properties of the fibrin gel
structure with acetyl salicylic acid also for patients
with diabetes this has not been investigated to our
knowledge.
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