
The pathogenic mechanisms underlying the develop-
ment of microvascular complications in insulin-de-
pendent diabetes mellitus (IDDM) remain obscure
despite the fact that retinopathy develops in the ma-
jority [1–3], and nephropathy in around 30% [3, 4].
Although duration of diabetes and poor glycaemic
control are established risk factors, they appear to ac-
count for only a proportion of an individual’s risk [5].
We have recently demonstrated that, in subjects with
retinopathy but not those without, mean urinary al-
bumin excretion rate increases steeply when the
mean diastolic blood pressure rises above 75 mmHg.
It thus appears that members of a subgroup of dia-
betic subjects may have abnormal renal vulnerability
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Summary The interrelationships between fibrinogen,
von Willebrand factor, a marker of vascular endothe-
lial cell damage, and serum lipids were explored in
well-characterised subjects with insulin-dependent
diabetes mellitus. The 2091 subjects were enrolled
into a cross-sectional, clinic-based study of complica-
tions, from 16 European countries: the EURODIAB
IDDM Complications study. The anticipated signifi-
cant relationships between both plasma fibrinogen
and plasma von Willebrand factor concentrations
and age and glycaemic control, and between fibrino-
gen and body mass index, were noted. Fibrinogen, ad-
justed for age and glycated haemoglobin concentra-
tion, was also related to smoking habits and was high-
er in the quartiles with highest systolic and diastolic
blood pressures. There was a clustering of vascular
risk factors, with a positive relationship between plas-
ma fibrinogen and serum triglyceride concentrations
in both genders and between fibrinogen and total
cholesterol in males. An inverse relationship between

fibrinogen and high density lipoprotein cholesterol
was also apparent in males. A prominent feature was
a positive relationship between both fibrinogen and
von Willebrand factor and albumin excretion rate
(p < 0.001 and p < 0.003 respectively) in those with
retinopathy but not in those without this complica-
tion. In view of previous observations on blood pres-
sure and albuminuria in these subjects the findings
are consistent with the hypothesis that microalbumin-
uria and increased plasma von Willebrand factor are
due to endothelial cell perturbation in response to
mildly raised blood pressure in subjects with retinop-
athy. Fibrinogen may also contribute to microvascu-
lar disease and its relationships to lipid vascular risk
factors suggest a possible pathogenic role in arterial
disease in diabetes. [Diabetologia (1997) 40: 698–705]
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to mildly raised blood pressure and that retinopathy
is a close correlate of this risk [6].

von Willebrand factor (vWF) is synthesised by vas-
cular endothelial cells and megakaryocytes and an in-
creased concentration in plasma can serve as a mar-
ker of endothelial cell damage [7–9]. Such an increase
is a feature of diabetic nephropathy [10]. Recent
studies in small numbers of subjects with IDDM sug-
gest that vWF is a sensitive marker of incipient neph-
ropathy and that a rise in the plasma concentration
may even precede the development of microalbumin-
uria [11, 12]. Information regarding any relationship
between vWF and retinopathy is, however, conflict-
ing [13–15]. vWF is an essential component in platelet
adhesion to subendothelium and a potential role in
the pathogenesis of diabetic microvascular disease
cannot be discounted [7].

Several epidemiological studies have confirmed
the role of plasma fibrinogen as an independent risk
factor for myocardial infarction and stroke in the gen-
eral population [16–18]. Although microalbuminuria
in diabetes predicts for an increased risk of cardiovas-
cular death [19–21], the relationships between fibrin-
ogen and microalbuminuria have only been studied
in a limited number of subjects [22, 23]. In addition,
while complex interrelationships between plasma fi-
brinogen concentration and lifestyle and lipid risk-
factors have been identified in population studies
[24–27], these surveys included few IDDM patients.

The EURODIAB IDDM Complications Study is a
cross-sectional clinic-based study of complications in
randomly selected IDDM patients attending 31 clinics
in 16 European countries which was established to
measure the prevalence and severity of diabetic com-
plications and to examine specific relations between
putative risk factors [3]. In order to explore the poten-
tially important interrelationships between a vascular
risk factor for macrovascular disease, and a marker of
endothelial cell damage, and complications in subjects
with IDDM, we have included assays for plasma fi-
brinogen and vWF in the study programme.

Subjects and methods

Details of patient selection have been previously described
(Eurodiab IDDM Complications Study Group, 1994). In sum-
mary, each centre selected a stratified random sample of pa-
tients attending the hospital in 1 year. IDDM was defined as
onset before age 36 years with continuous insulin treatment
initiated less than 1 year from diagnosis. From the entire study
cohort of 3250 patients blood samples for analysis of haemo-
static and lipid risk factors were available on 2091 (64%). The
demographic and clinical characteristics are listed in Table 1.
The composition of the study group was representative of the
entire cohort, there being no significant difference in any of
the parameters listed. All centres were represented.

Albumin excretion rate (AER) was determined, from a
timed 24-h urinary collection after exclusion of urinary in-
fection, in a central laboratory by an immunoturbidometric

method using goat anti-human albumin antiserum and human
serum albumin standards. Microalbuminuria was defined as
AER between 20 and 200 mg/min. HbA1 c was measured in a
central laboratory by immunoassay using monoclonal anti-
HbA1 c. Plasma fibrinogen and vWF were also measured cen-
trally on citrated plasma prepared from fresh blood obtained
by venepuncture. Plasma samples were stored at less than –20
degrees C° at all times until assay. Fibrinogen was assayed by
a clotting assay based on the prothrombin time, on an Instru-
mentation Laboratories Series 300(R) Autoanalyser and vWF
antigen by ELISA, as previously described [28]; a pooled plas-
ma standard, calibrated against the UK (NIBSAC) standard,
was employed. Hidden duplicate samples were included as a
check on reproducibility. Satisfactory performance of these as-
says in UK National Quality Assurance schemes was recorded.
Triglyceride, cholesterol and the cholesterol content of HDL
were determined on fasting serum, after manganese and hepa-
rin precipitation, by standard enzymatic techniques; LDL
cholesterol was calculated.

Presence of cardiovascular disease (CVD) was assessed by
the clinical history of myocardial infarction, angina pectoris,
stroke or coronary artery bypass graft surgery, and by Minne-
sota-coding of 12-lead resting ECGs [29]. Sitting blood pres-
sure was measured to the nearest 2 mmHg. with a random
zero sphygmomanometer after 5 min of rest; the mean of two
readings was used for analysis. Retinopathy was assessed from
photographs of two retinal fields per eye graded by a single ob-
server, as previously described [30].

Statistical analysis

To examine the association of fibrinogen and vWF with other
risk factors for diabetes complications and also with the diabe-
tes complications themselves, for each variable, analysis of co-
variance was used, to calculated age and HbA1 c adjusted
mean levels of the haemostatic variables within each category,
and the adjusted means were compared across categories. For
continuous variables these categories were defined using the
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Table 1. Demographic and clinical characteristics of the pa-
tients

Men
n = 1064

Women
n = 1027

Age (years) 33.0 ± 10.2 32.8 ± 10.1
Duration (years) 14.5 ± 9.7 15.0 ± 9.3
HbA1c (%) 6.6 ± 1.8 6.7 ± 1.9
Body mass index (kg/m2) 23.6 ± 2.7 23.5 ± 3.2
Systolic blood pressure (mmHg) 124.3 ± 16.4 119.0 ± 18.4
Diastolic blood pressure (mmHg) 77.0 ± 11.3 74.0 ± 11.4
Total cholesterol (mmol/l) 5.20 ± 1.14 5.5 ± 1.12
HDL-cholesterol (mmol/l) 1.37 ± 0.38 1.62 ± 0.44
LDL-cholesterol (mmol/l) 3.34 ± 0.98 3.41 ± 1.02
Fasting triglyceridea (mmol/l) 1.03 ± 3.59 0.94 ± 3.11
Fibrinogen (g/l) 3.07 ± 0.93 3.37 ± 0.96
von Willebrand factora (U/l) 1.09 ± 3.79 1.09 ± 3.46

n (%) n (%)
Ex-smoker 238 (22) 149 (15)
Current smoker 368 (35) 291 (28)
Neuropathy present 291 (29) 241 (25)
Microalbuminuria present 244 (24) 190 (19)
Macroalbuminuria present 109 (11) 84 (8)
Retinopathy present 393 (47) 366 (45)
CVD present 109 (10) 103 (10)
a Geometric mean (range)
Data are mean ± SD or n (%)



quartiles of the distribution for the variable, with the exception
of age where the stratification implemented in the selection of
the EURODIAB sample was used [3]. Analysis of variance
was also used to assess the significance of the interaction of re-
tinopathy with fibrinogen and vWF. For any analyses that in-
cluded vWF, albumin excretion and fasting triglyceride as con-
tinuums, because of the skewness of their distributions, the
variables were logged and geometric means quoted.

Results

The expected strong relationships between age and
both fibrinogen and vWF were confirmed, although
this was confined to males in the case of fibrinogen

(Table 2). Plasma fibrinogen and vWF, adjusted for
age, were also strongly related to glycaemic control
and fibrinogen rose with increasing body mass index
(BMI;Table 2). Compared with non-smokers, age-
and HbA1c-adjusted mean fibrinogen was signifi-
cantly higher in current smokers for both genders
and only in men higher in ex-smokers (Table 3). No
such relationships were found in the case of vWF. A
relationship was apparent between both systolic and
diastolic blood pressure and adjusted fibrinogen, but
not vWF, concentrations (Table 3). Although the
prevalence of CVD was highest in the quartile
with highest adjusted fibrinogen values in both males
and females the trend did not achieve statistical
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Table 2. Relationship of fibrinogen and von Willebrand factor with age, HbA1c and body mass index by sex

Fibrinogen (g/l) vWF (U/ml)

Men
Mean (95% CI)

Women
Mean (95 % CI)

Men
Meana (95% CI)

Women
Meana (95% CI)

Age groupb (years)
15–29 2.90 (2.81,2.98) 3.32 (3.23,3.42) 1.04 (1.00,1.09) 1.03 (0.99,1.08)
30–44 3.17 (3.08,3.25) 3.40 (3.31,3.49) 1.11 (1.07,1.16) 1.13 (1.09,1.18)
45 + 3.36 (3.17,3.55) 3.43 (3.24,3.61) 1.25 (1.14,1.37) 1.17 (1.08,1.27)
p-value testing for trend 0.0001 0.45 0.004 0.004

HbA1c
c (%)

< 5.4 2.92 (2.81,3.03) 3.17 (3.05,3.29) 1.07 (1.02,1.13) 1.06 (1.00,1.11)
5.4–6.4 2.97 (2.86,3.08) 3.31 (3.19,3.43) 1.08 (1.02,1.13) 1.08 (1.03,1.14)
6.5–7.7 3.11 (3.00,3.22) 3.39 (3.27,3.52) 1.06 (1.01,1.12) 1.07 (1.01,1.12)
7.8+ 3.32 (3.19,3.44) 3.61 (3.49,3.73) 1.20 (1.13,1.27) 1.16 (1.11,1.22)
p-value testing for trend 0.0001 0.0001 0.007 0.04

Body mass indexd (kg/m2)
< 21.15 2.95 (2.83,3.07) 3.22 (3.11,3.34) 1.09 (1.03,1.15) 1.13 (1.07,1.18)
21.15–23.22 3.01 (2.90,3.12) 3.45 (3.33,3.57) 1.07 (1.01,1.13) 1.09 (1.03,1.14)
23.23–25.26 3.13 (2.96,3.17) 3.41 (3.28,3.53) 1.10 (1.04,1.15) 1.20 (1.04,1.16)
25.27 + 3.25 (3.14,3.36) 3.45 (3.33,3.57) 1.15 (1.09,1.21) 1.07 (1.01,1.13)
p-value testing for trend 0.003 0.02 0.4 0.5
a Geometric mean; b Means are adjusted for HbA1c and duration; c Means are adjusted for age and duration; d Means are adjusted
for age and HbA1c; CI, Confidence interval

Table 3. Mean values of fibrinogen and vWF adjusted for age/HbA1c by blood pressure and smoking habits

Fibrinogen (g/l) vWF (U/ml)

Men
Mean (95% CI)

Women
Mean (95 %)

Men
Meana (95% CI)

Women
Meana (95% CI)

Smoking habits
Non-smoker 2.98 (2.89,3.06) 3.32 (3.24,3.40) 1.09 (1.05,1.14) 1.07 (1.04,1.11)
Ex-smoker 3.19 (3.07,3.32)c 3.38 (3.23,3.54) 1.12 (1.05,1.18) 1.09 (1.02,1.17)
Current smoker 3.12 (3.02,3.21)b 3.47 (3.36,3.59)b 1.10 (1.05,1.15) 1.13 (1.08,1.19)

Systolic blood pressure (mmHg)
< 120 2.96 (2.82,2.98) 3.26 (3.16,3.37) 1.14 (1.06,1.22) 1.07 (1.02,1.12)
120–129 3.03 (2.92,3.25) 3.32 (3.21,3.44) 1.07 (1.02,1.13) 1.10 (1.04,1.16)
130–139 3.04 (2.93,3.55) 3.32 (3.19,3.46) 1.05 (0.99,1.10) 1.09 (1.03,1.16)
140 + 3.20 (3.10,3.31) 3.65 (3.51,3.78) 1.15 (1.09,1.21) 1.13 (1.06,1.20)
p-value testing for trend 0.03 0.0003 0.05 0.6

Diastolic blood pressure (mmHg)
< 68 3.04 (2.93,3.16) 3.29 (3.18,3.29) 1.10 (1.04,1.17) 1.09 (1.05,1.15)
68–75 2.99 (2.88,3.10) 3.36 (3.24,3.47) 1.07 (1.01,1.13) 1.08 (1.03,1.14)
76–83 2.98 (2.87,3.09) 3.33 (3.20,3.45) 1.07 (1.01,1.12) 1.06 (1.01,1.12)
84 + 3.27 (3.16,3.38) 3.59 (3.46,3.73) 1.16 (1.10,1.22) 1.15 (1.09,1.22)
p-value testing for trend 0.0005 0.005 0.07 0.2
a Geometric mean; Significantly different to non-smokers with b p < 0.05; c p < 0.01



significance. Mean age and HbA1c adjusted fibrino-
gen (95% confidence interval (CI), g/l): in men with
CVD 3.18 (2.99, 3.37) and without CVD 3.06 (3.00,
3.12), p = 0.16; in women with CVD 3.50 (3.31, 3.70)
and without CVD 3.36 (3.29, 3.42), p = 0.24. There
was no significant relationship between vWF and
CVD. Mean age and HbA1c adjusted vWF (95% CI,
U/ml): in men with CVD 1.12 (1.03, 1.23) and without
CVD 1.10 (1.07, 1.13), p = 0.6; in women with CVD
1.06 (0.97, 1.15) and without CVD 1.10 (1.07, 1.13),
p = 0.38. The results of an analysis of fibrinogen and

vWF, adjusted for age, HbA1c and body mass index,
in relation to the lipid parameters are presented for
males and females separately in Table 4; it is apparent
that a higher level of total cholesterol and lower level
of HDL cholesterol is accompanied by a higher fi-
brinogen concentration in males. Fibrinogen is signif-
icantly related to LDL cholesterol in females. There
is also a positive relationship between fibrinogen
and triglyceride in both genders. vWF is only weakly
related to lipid parameters, being significantly related
to fasting triglyceride in males only.
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Table 4. Mean values of fibrinogen and vWF adjusted for age, HbA1c and BMI by lipids/lipoproteins

Fibrinogen (g/l) vWF (U/ml)

Men
Mean (95% CI)

Women
Mean (95 % CI)

Men
Meana (95% CI)

Women
Meana (95% CI)

Total cholesterol (mmol/l)
< 4.55 2.99 (2.89,3.09) 3.33 (3.19,3.46) 1.04 (0.99,1.09) 1.05 (0.99,1.12)
4.56–5.23 2.98 (2.86,3.09) 3.29 (3.18,3.41) 1.10 (1.04,1.16) 1.08 (1.03,1.14)
5.24–5.96 3.10 (2.98,3.22) 3.36 (3.24,3.47) 1.12 (1.06,1.19) 1.09 (1.03,1.14)
5.97 + 3.28 (3.17,3.40) 3.51 (3.39,3.62) 1.16 (1.09,1.23) 1.15 (1.09,1.21)
p-value testing for trend 0.0013 0.07 0.05 0.15

HDL cholesterol (mmol/l)
< 1.17 3.33 (3.23,3.43) 3.49 (3.32,3.65) 1.11 (1.06,1.16) 1.19 (1.11,1.27)
1.18–1.43 2.95 (2.85,3.05) 3.41 (3.29,3.54) 1.11 (1.06,1.17) 1.06 (1.00,1.12)
1.44–1.71 2.94 (2.82,3.05) 3.40 (3.29,3.51) 1.06 (1.00,1.12) 1.08 (1.03,1.14)
1.72 + 2.96 (2.82,3.10) 3.30 (3.20,3.40) 1.11 (1.03,1.19) 1.10 (1.05,1.15)
p-value testing for trend 0.0001 0.2 0.5 0.08
LDL cholesterol (mmol/l)
< 2.69 3.01 (2.86,3.15) 3.38 (3.22,3.54) 1.06 (0.99,1.13) 1.08 (1.00,1.16)
2.70–3.25 3.01 (2.87,3.16) 3.20 (3.04,3.35) 1.08 (1.01,1.16) 1.03 (0.96,1.10)
3.26–3.92 3.08 (2.92,3.23) 3.37 (3.22,3.52) 1.06 (0.98,1.14) 1.08 (1.01,1.15)
3.93 + 3.17 (3.02,3.32) 3.58 (3.42,3.74) 1.13 (1.05,1.22) 1.14 (1.06,1.22)
p-value testing for trend 0.4 0.01 0.5 0.3

Fasting triglyceride (mmol/l)
< 0.71 3.03 (2.88,3.17) 3.31 (3.17,3.46) 1.03 (0.96,1.10) 1.03 (0.97,1.10)
0.72–0.93 2.89 (2.74,3.03) 3.22 (3.07,3.36) 1.12 (1.04,1.20) 1.07 (1.01,1.14)
0.94–1.35 2.97 (2.82,3.11) 3.40 (3.25,3.55) 0.95 (0.89,1.02) 1.10 (1.03,1.17)
1.36 + 3.36 (3.22–3.51) 3.71 (3.52,3.89) 1.22 (1.14,1.30) 1.14 (1.06,1.24)
p-value testing for trend 0.0001 0.0008 0.0001 0.32
a Geometric mean

Table 5. Mean values of fibrinogen and vWF adjusted for age/HbA1c by albumin excretion and neuropathy

Fibrinogen (g/l) vWF (U/ml)

Men
Mean (95% CI)

Women
Mean (95 % CI)

Men
Meana (95%)

Women
Meana (95% CI)

Neuropathy
Absent 3.02 (2.96,3.09) 3.32 (3.26,3.40) 1.08 (1.05,1.12) 1.08 (1.04,1.11)
Present 3.22 (3.08,3.36) 3.52 (3.36,3.67) 1.14 (1.07,1.21) 1.18 (1.10,1.26)
p-value testing for difference 0.01 0.03 0.2 0.02

Albumin excretion (mg/min)
< 20 2.99 (2.93,3.06) 3.29 (3.22,3.36) 1.07 (1.03,1.11) 1.07 (1.04,1.10)
20–200 3.00 (2.89,3.12) 3.29 (3.15,3.42) 1.11 (1.05,1.17) 1.08 (1.02,1.15)
201 + 3.71 (3.54,3.88)c 4.32 (4.11,4.52)c 1.24 (1.14,1.36)b 1.32 (1.21,1.45)c

Retinopathy
Absent 3.02 (2.94,3.11) 3.29 (3.20,3.38) 1.11 (1.06,1.16) 1.08 (1.04,1.13)
Present 3.08 (2.99,3.17) 3.45 (3.35,3.55) 1.06 (1.02,1.11) 1.06 (1.01,1.10)
p-value testing for difference 0.38 0.03 0.17 0.44
a Geometric mean
Significantly different to group where AER < 20 mg/min with b p < 0.01; c p < 0.001



Higher concentrations of adjusted fibrinogen were
found in males and females with neuropathy, and of
vWF in females with this complication (Table 5).

There was no difference in haemostatic measures
between those with microalbuminuria and those
with normoalbuminuria, but subjects with AER of
more than 200 mg/min had significantly higher plasma
fibrinogen and vWF (Table 5). A marked interaction
was apparent across the range of AER values with
both vWF and fibrinogen in the group with retinopa-
thy, which was not apparent in those without this
complication (Fig. 1).

Discussion

In this extensive study of subjects with IDDM we have
found relationships between plasma fibrinogen con-
centration and age, body mass index, and smoking ha-
bit which are comparable to those described in the
general population [24–27]. In addition there appears
to be a clustering of vascular risk factors, including
raised fibrinogen, total and LDL cholesterol, tri-
glyceride and blood pressure and reduced HDL

cholesterol, in IDDM. Comparable relationships be-
tween lipid risk factors and fibrinogen have been re-
ported in hyperlipidaemia [31] and similar findings de-
scribed in cross-sectional studies in the general popu-
lation [25]. Although the underlying mechanism re-
mains unexplained, a role for non-esterified fatty acids
in hepatic fibrinogen synthesis has been postulated
[32], and we have reported a correlation between plas-
ma concentrations of ApoA1 and fibrinogen in IDDM
[33]. Despite this clustering of risk factors no signifi-
cant relationship was found between fibrinogen and
symptomatic and electrocardiographic evidence of
CVD in this diabetic population. This is probably due
to the relatively imprecise methods employed for as-
sessment of the presence of atheromatous disease
[29] and it is likely that the follow-up study, in which
death and non-fatal myocardial infarction are used as
end-points, will clarify any relationship.

In view of previous studies indicating that, in
IDDM, those who develop clinical proteinuria have a
much increased risk of premature cardiovascular com-
plications [34, 35] we were interested to study the rela-
tionships between albuminuria and vWF, a marker of
vascular endothelial cell damage. Injury to the vascu-
lar endothelium appears to be central to the pathogen-
esis of atherosclerosis and may be an initiating event.
Endothelial dysfunction is also a feature of diabetic
nephropathy, even during the subclinical phase. Evi-
dence for this includes the observation that the trans-
capillary escape rate of albumin is increased [36], and
vasoconstrictor responses are blunted [37] in diabetic
subjects with albuminuria. In addition the plasma con-
centrations of several peptides and proteins which are
secreted by vascular endothelium, including plasmi-
nogen activator inhibitor (PAI) 1 [38] endothelin [39]
and vWF [11] have been found to be increased in the
presence of microalbuminuria. Indeed Stehouwer
et al. [12] reported that, in six subjects, the increase in
plasma vWF preceded and may therefore predict the
development of microalbuminuria in IDDM. Clinical
proteinuria without retinopathy is uncommon, but se-
vere retinopathy with normal AER is a frequent find-
ing in IDDM [6], suggesting that different pathoge-
netic mechanisms may be operating; it is noteworthy
that data on plasma vWFin retinopathy are conflicting
[14, 15].The results of the current study of over 2000
carefully clinically characterised subjects demonstrate
a strong interaction between AER and vWF only in
those with retinopathy, this being highly reminiscent
of the relationships between blood pressure, AER
and retinopathy in the same population [6]. There
was, however, only a weak, or no, significant direct re-
lationship between vWFand blood pressure. A plausi-
ble interpretation of these data is that, in the subgroup
of patients who develop nephropathy in association
with an increased renal vulnerability to modest in-
creases in blood pressure, the renal vasculopathy is
mediated through endothelial damage, and this is
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consistent with the hypothesis that microalbuminuria
and release of vWF are responses to mildly raised
blood pressure in subjects with retinopathy. Although
those patients with clinical nephropathy had signifi-
cantly higher plasma vWF concentrations than those
with no albuminuria we were unable to confirm a sim-
ilar increased level in association with microalbumin-
uria, a finding consistent with some [10], but not other
[11], smaller studies. The patients enrolled in the
EURODIAB Study are likely to be more representa-
tive of the overall diabetic population than has been
the case in some more limited investigations, and the
possible predictive value of vWF measurement will
be better determined from follow-up data which will
accrue after 5 years from recruitment.

There was also a marked interaction between fi-
brinogen and AER in diabetic patients with retinopa-
thy which persisted after adjustment for confounding
variables. It has long been recognised that plasma fi-
brinogen concentration is elevated in diabetes [40]
but a relationship with nephropathy has not always
been apparent [41]. Fibrinogen could contribute to
the development of nephropathy in a variety of
ways: it is the substrate for thrombin in blood coagu-
lation, and animal studies indicate that the fibrinogen
concentration at the initiation of coagulation influ-
ences the amount of fibrin deposited [42]; in this con-
text it is relevant that low-dose heparin therapy was
recently shown to reduce urinary albumin excretion
rate in IDDM [43]. Fibrinogen is also an essential co-
factor in platelet activation, and aggregability is influ-
enced by the fibrinogen concentration in plasma [44].
Involvement of platelets and blood hypercoagulabil-
ity in the pathogenesis of diabetic nephropathy has
been postulated [45, 46]. An alteration in glomerular
haemodynamics has long been considered to be of
pathophysiological importance in diabetic nephropa-
thy and therefore the contribution of fibrinogen to
the viscosity of blood may be of relevance. Further-
more, LDL cholesterol makes an equivalent contri-
bution to viscosity [47] and our data indicate that
this is also increased in the plasma of diabetic sub-
jects, in close parallel with fibrinogen. In IDDM
blood viscosity is higher in those with microvascular
complications than in those without [33], and, in a
morphological study of human diabetic neuropathy,
which may also have a microvascular pathogenesis
[48, 49], we previously demonstrated a strong associa-
tion between plasma fibrinogen concentration and
sural nerve capillary basement membrane thickness
[28]. In the current study fibrinogen levels were also
significantly higher in diabetic patients with neuropa-
thy. It is noteworthy that renal and nerve damage
have been found to be associated in diabetes [50].
Our finding of higher levels of vWF in females with
diabetic neuropathy is also of interest, in view of the
recent suggestion that plasma vWF concentration
predicts progression of neuropathy in IDDM [51].

While changes in fibrinogen and vWF may not be
causal in the vascular damage of diabetic microangio-
pathy, they could contribute through their effects on
platelets, coagulability and viscosity, forming part of
a self-propagating series of events leading to further
endothelial damage and dysfunction. Although both
fibrinogen and vWF are acute phase response pro-
teins, this would not necessarily preclude a pathoge-
netic role in diabetic microvascular disease, for the
above reasons, and as an explanation for the in-
creased levels this mechanism is inconsistent with
previous observations, where plasma C-reactive pro-
tein and vWF were not related in diabetes [14], nor
in the vasculitides [52]. Regarding fibrinogen, the in-
terrelationships with lipid parameters in the current
and previous studies have not been linked to a reac-
tive state, although recent data do suggest an associa-
tion between lipid vascular risk factors, fibrinogen
and C-reactive protein [53]. Restriction length poly-
morphisms which are associated with variation in fi-
brinogen levels have been identified [54] although
the size of the genetic contribution to fibrinogen level
is unclear. As there is evidence for a genetic predispo-
sition to the development of diabetic nephropathy
[55, 56], it is of interest to speculate that this may op-
erate through fibrinogen or, perhaps, vWF.

The findings reported here support the hypothesis
of a role for fibrinogen and vWF in vascular compli-
cations of IDDM and provide the basis for a valuable
prospective follow-up study which will indicate the
predictive value of fibrinogen and vWF in the devel-
opment of CVD and other complications in diabetes.
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