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Summary Cross-sectional studies have shown plasma
cell adhesion molecules (CAMs) to be increased in
patients with diabetes-related complications. In the
first prospective study of CAMs, we have shown
that plasma CAMs may be a predictor of the devel-
opment of diabetic neuropathy. We followed up 28
diabetic patients (13 neuropathic) over a 5 year peri-
od, starting from 1991. All patients had peroneal
nerve conduction velocity (PNCV), vibration per-
ception threshold and plasma CAMs measured at
baseline and follow-up. We found P-selectin and in-
tercellular adhesion molecule -1 (ICAM-1) to be in-
creased at baseline in patients with neuropathy com-
pared to non-neuropathic patients. P-selectin and E-
selectin were also found to be significantly higher at
baseline in patients who at follow-up showed deteri-
oration in PNCV of more than 3m/s (p<0.05;
p =0.01; respectively). P-selectin and ICAM-1

strongly correlated with PNCV. Univariate and mul-
tivariate regression analyses showed a significant in-
verse association between increasing log P-selectin,
log E-selectin and log ICAM-1 with decreasing
PNCYV, and remained significant even after adjust-
ment for glycaemic control. P-selectin and E-selectin,
odds ratios of 8.8 (95 %CI: 1.1-68.8; p = 0.038) and
12.5 (95% CIL: 1.2-132.1; p =0.036), respectively,
were significantly associated with the risk of deterio-
ration of PNCV after 5years. This study suggests
that plasma cell adhesion molecules may play an im-
portant role in the development and progression of
peripheral neuropathy in diabetes mellitus. [Dia-
betologia (1998) 41: 330-336]
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Peripheral neuropathy is one of the commonest com-
plications of diabetes mellitus with a prevalence of
around 30-45 % [1-3]. The majority of patients will
have developed neuropathy 10-20 years after the on-
set of diabetes [4] and it is an important cause of foot
ulceration, Charcot joints and amputation, with in-
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creasing morbidity and mortality. There is therefore
an urgent need for prevention of diabetic neuropathy
and its sequelae.

The exact pathogenesis of diabetic neuropathy is
unclear, with both metabolic and vascular factors
having been implicated [5]. Microvascular disease
may play an important role in the causation and exac-
erbation of diabetic neuropathy [6]. Histopathologi-
cal studies have shown thickening of endoneurial
and perineurial vessel walls, hyperplasia of capillary
endothelial cells and increased plugging of vessels in
neuropathic patients [7-9].

Cell adhesion molecules (CAMs) have been dem-
onstrated to be increased in diabetes mellitus, both
insulin-dependent (IDDM) and non-insulin-depen-
dent (NIDDM) [10-13]. They have been implicated
in the development of microvascular complications



E. B. Jude et al.: Cell adhesion molecules and diabetic neuropathy

Table 1. Characteristics and nerve conduction velocity in dia-
betic patients with (DN) and without (DNN) neuropathy at
baseline

DN DNN
n 13 15
Age (years) 53.7+8.9 45.6 +7.9*
Duration of diabetes
(years) 13.2+12.3 183+133
IDDM/NIDDM 716 6/9
BMI (kg/m?) 27.5+4.8 264+55
HbA, (%) 92+1.5 97+1.8
Cholesterol
(mmol/1) 6.1+1.1 5209
Insulin (pmol/1) 74.8 (31.2-179.4) 78.7 (37.1-167.1)
PNCV (m/s) 34.4 (32.4-36.4) 45.5 (41.5-49.9)°
VPT (v) 28.2 (20.1-39.6) 142 (11.5-17.6)¢

Results given as mean + SD or geometric mean (95 % confi-
dence interval)
ap <0.05,°p <0.001, ¢ p <0.01, for DN vs DNN

of diabetes. Cross-sectional studies have shown ele-
vated levels of CAMs in patients with diabetic retin-
opathy [14] and nephropathy [15]. To date no studies
have shown CAMs to be a possible aetiological factor
in the pathogenesis of diabetic neuropathy. This pro-
spective study was performed to evaluate the role of
CAMs in the development and progression of periph-
eral neuropathy in diabetes.

Subjects and methods

Patients. Patients recruited into the study were attending the
Manchester Diabetes Centre. None of the patients we asked
to participate in the study had any diabetic complications, ex-
cept neuropathy. In 1991, 34 patients were entered into the
prospective study; 5 years later 28 diabetic patients (13 IDDM
and 15 NIDDM) were re-evaluated. We excluded 6 patients
from the final analysis (4 patients had moved away, 1 patient
refused to attend and 1 patient had died). All participants had
a detailed history and physical examination with particular ref-
erence to complications of diabetes. The study was approved
by the local ethics committee and all patients gave written con-
sent before participating in the study.

Assessment for neuropathy. The following criteria were used
for the diagnosis of neuropathy: (i) peroneal nerve conduction
velocity (PNCV) under 40 m/s and (ii) vibration perception
threshold (VPT) of 2 standard deviations or more than the nor-
mal age-related mean [16, 17].

We measured PNCV with standard surface electrodes using
a Medelec (Medelec, Woking, UK) neurophysiology system
for all recordings. Nerve stimulation was performed proximal-
ly at the head of the fibula and distally on the shin, 10-15 cm
above the ankle, with the recording electrode over the exten-
sor digitorum brevis on the lateral border of the foot. All stim-
ulations were performed using a supramaximal stimulus and
an average of 30 stimulations was used in severely neuropathic
patients when the action potential was reduced. Tracings were
taken of the motor action potentials and the latencies were
measured by an independent observer without knowledge of
the subject’s identity. Patients were designated as neuropathic
if they had a mean PNCV of less than 40 m/s [16,17].
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Vibration perception threshold (VPT) was measured using
a biothesiometer (Biomedical Instrument Co, Newbury, Ohio,
USA). A minimum of three readings were taken on the big
toe bilaterally. VPT was then recorded as a mean of both feet.

Assessment of other complications. The subjects had lying
blood pressure (BP), measured twice, in the right arm using
Dinamap (Critikon, Johnson & Johnson Medical, Ascot,
Berkshire, UK), after resting for 10 min. Hypertension was
defined according to World Health Organisation criteria (sys-
tolic BP > 160 mmHg and /or diastolic BP > 95 mmHg) or if
the patient was on current antihypertensive treatment. BMI
was calculated by weight (kg) / height (m?). Direct ophthal-
moscopy for retinopathy was performed through dilated pu-
pils. Microalbuminuria (overnight albumin excretion rate of
more than 20 ug/min) was measured by two timed overnight
collections of urine.

Coronary artery disease was determined by 12 lead ECG
(using Minnesota code) [18], hospital records of confirmed my-
ocardial infarction, definite history of angina or coronary ar-
tery bypass grafting. Cerebrovascular disease was assessed by
history and clinical examination and hospital records of defi-
nite stroke. Peripheral vascular disease was determined by his-
tory of intermittent claudication and ankle brachial pressure
index (normal > 0.9) using a multi dopplex machine (Hunt-
leigh Nesbit Evans Healthcare, Cardiff, UK).

Patients with hypertension, retinopathy, microalbuminuria,
manifest macrovascular disease or taking aspirin, non-steroi-
dal anti-inflammatory drugs, evening primrose oil, vasoactive
medication (such as beta-blockers), calcium antagonists and
angiotensin converting enzyme (ACE) inhibitors were exclud-
ed from the study. None of the subjects smoked.

Biochemical analysis. Blood from an antecubital vein was col-
lected after an overnight fast and after resting for 15 min in the
supine position. All patients had fasting glucose (Glucose oxi-
dase; Boehringer Mannheim, Mannheim, Germany), glycated
haemoglobin (normal <8 %) (HPLC, Diamat; BioRad, Her-
cules, Calif., USA), serum creatinine and cholesterol (Hitachi
747, Hitachi, Japan)and microalbuminuria (Immunonephel-
ometry, Array Protein system, Beckman Instruments Inc.,
Brea, Calif., USA) concentrations estimated at baseline and
follow-up. Plasma for CAMs, plasminogen activator inhibitor-
1 (PAI-1), tissue-plasminogen activator (t-PA) and serum insu-
lin was separated after centrifugation at 3000 rev/min at 4°C
for 20 min and plasma obtained stored at —70 °C until analysis.
CAMs (P-selectin, E-selectin, ICAM-1 and VCAM-1; interas-
say coefficients of variation < 9 %) were determined using stan-
dard immunoassay kits (R&D Systems Europe, Abingdon, Ox-
ford, UK). We measured t-PA activity and PAI-1 activity to as-
sess the fibrinolytic process by chromogenix assay using stan-
dard commerecial test kits (Coatest PAI and Coaset t-PA respec-
tively; Chromogenix AB, Molndal, Sweden). The interassay co-
efficients of variation were 6 % for both the t-PA and PAI-1 as-
says. Plasma fibrinogen was measured using Clauss assay (ACL
300R; IL. Instruments, Warrington, UK); interassay coefficient
of variation less than 6 %.

At follow-up, the clinical examination, 12-lead ECG, ankle
brachial pressure index, VPT and PNCV were performed in
all patients using the same instruments and procedures as de-
scribed above.

Statistical methods. Results are presented as mean + SD. Geo-
metric means (95 % confidence interval) are presented for
PNCYV, VPT, insulin, haemostatic factors and CAMs because
the underlying data were skewed. Unpaired t-tests, two-sided,
were used to assess significant difference in means between
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Table 2. Characteristics of diabetic patients with (A) and with-
out (B) decreasing peroneal nerve conduction velocity
(PNCV)? at follow-up

A B
n 14 14
BMI (kg/m?) 27.1+£54 269+4.6
HbA, (%) 93+14 9.6+£2.0
Cholesterol
(mmol/l) 62+1 52%11
Microalbuminuria
(ug/min) 17.8 (6.9-45.8)  18.1 (5.8-56.7)
Retinopathy 9 2
Macrovascular disease 6 5
Coronary artery disease 4 3
Stroke 1 1
Peripheral vascular disease 1 1
PNCV (m/s) 33.5(28.4-39.9) 38.1 (36.7-41.5)°

VPT (v) 27.7(20.9-36.8) 21.3 (14.5-31.1)

Results given as mean + SD or geometric mean (95 % confi-
dence interval)

2 Decreasing PNCV defined as: Decrease in NCV >3 m/s

b p < 0.05 for group A vs B

groups. Spearman’s rank correlations were used to measure as-
sociations between various parameters. Univariate and multi-
variate linear analyses were used to assess the relationship be-
tween PNCV as a continuous variable and the log concentra-
tions of CAMs. Logistic regression analyses were used to assess
the relationship between patients who showed a deterioration
of PNCV more than 3 m/s and the concentration of the CAMs
which were log transformed before analysis. All analyses were
performed using SPSS for Windows 6.3 (SPSS Inc., Chicago, I1-
linois, USA) and Intercooled Stata 5.0 (College Station, Texas,
USA).

Results

We entered 28 diabetic patients (13 IDDM and 15
NIDDM) into the final analysis in this 5 year pro-
spective study. Of the patients 13 had neurophysio-
logical evidence of neuropathy at baseline. Patients
with neuropathy were older but there was no differ-
ence in duration of diabetes, BMI, HbA,, cholesterol
and serum insulin concentrations between the two
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groups (Table 1). VPT was significantly higher in the
neuropathic patients at baseline and follow-up.

PNCV [geometric mean (95 % CI)] was signifi-
cantly lower in neuropathic patients compared to
non-neuropathic diabetic patients at baseline [34.4
(32.4-36.4) vs 45.5 (41.5-49.9) m/s; p <0.0001] and
at follow-up [31.6 (26.8-37.3) vs 41.1 (39.5-42.8) m/
s; p<0.001]. In the non-neuropathic patients
PNCV was 455 (41.549.9) m/s and 41.1 (39.5-
42.8) m/s at baseline and follow-up respectively
(p <0.05). Therefore, mean reduction in PNCV in
non-neuropathic patients was 4.4 m/s or 0.9 m s
-year ..

Deterioration in nerve function Patients were re-
grouped with reference to deterioration in the
PNCV by 3 m/s over the 5 years. Group A consisted
of 14 patients (50%) who showed a reduction in
PNCV of over 3 m/s; and group B consisted of 14 pa-
tients who did not. Eight patients in group A and 5
in group B had neuropathy at baseline. No difference
was found in age, duration of diabetes, BMI, HbA,,
cholesterol and insulin concentrations at baseline be-
tween the two groups. Although PNCV was not dif-
ferent at baseline between group A and B [39.9
(33.9-44.6) vs 38.9 (36.5-41.5) m/s; p = 0.12], it was
significantly lower in group A at follow-up [33.5
(28.4-39.9) vs 38.1 (36.7-41.5) m/s; p =0.04] (Ta-
ble 2). Of the 15 non-neuropathic patients 4 were
found to have developed neuropathy at follow-up.
VPT was higher in group A compared to group B at
baseline and follow-up, but not significantly so. This
could be explained by the fact that the biothesiome-
ter has an upper limit and many patients with neuro-
pathy had VPT which was above the recordable limit
of the instrument .

None of the patients had retinopathy at baseline.
At the end of the study 11 patients (6 IDDM) were
found to have developed retinopathy of whom 6 pa-
tients had neuropathy at baseline. Nine of these pa-
tients showed reduction in PNCV of more than
3 m/s.

At follow-up 7 patients were diagnosed with coro-
nary artery disease, 1 patient had suffered a stroke
and and 1 patient has multiple transient ischaemic at-

Table 3. Cell adhesion molecules and haemostatic factors in diabetic patients with (DN) and without (DNN) neuropathy at base-

line.

DN

DNN

P-selectin (ng/ml)
E-selectin (ng/ml)
ICAM-1 (ng/ml)
VCAM-1 (ng/ml)
PAI-1 activity (IU/1)
t-PA activity (IU/1)
Fibrinogen (g/1)

176.5 (134.7-231.2)
50.4 (38.9-65.2)
278.4 (249.0-311.2)
600.9 (490.9-735.6)
53(2.0-14.2)

0.34 (0.17-0.67)
3.94 (3.6-4.4)

136.2 (111.1-166.9)*
40.4 (30.9-52.7)

228.17 (199.82-260.54)"
549.7 (465.1-649.5)

8.0 (3.5-18.7)

0.46 (0.2-1.03)

2.95 (2.5-3.5)°

Results given as geometric mean (95 % confidence interval)
2p<0.05;°p =0.01;¢p <0.01, DN vs DNN
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Table 4. Baseline cell adhesion molecules and haemostatic factors in diabetic patients with (A) and without (B) decreasing pero-

neal nerve conduction velocity at follow-up

A

Ba

P-selectin (ng/ml)
E-selectin (ng/ml)
ICAM-1 (ng/ml)

VCAM-1 (ng/ml)

184.8 (149.2-228.9)
54.7 (44.0-68.0)

255.4 (219.9-296.6)
592.7 (503.2-698.2)

PAI-1 activity (TU/1) 3.8 (1.3-10.7)
t-PA activity (TU/1) 0.33 (0.15-0.70)
Fibrinogen (g/1) 3.7 (3.24.3)

129.1 (99.9-167.0)
36.7 (27.9-48.2)°
252.0 (225.7-281.4)
558.4 (448.2-695.8)
11.8 (7.2-19.5)
0.47 (0.24-0.94)
32(2.8-3.8)

Results given as geometric mean (95 % confidence interval)
ap <0.05;°p =0.01 Group Avs B

Table 5. Linear regression of baseline cell adhesion molecules
and peroneal nerve conduction velocity in diabetic patients
and relationship with HbA,

B-coefficient R? p-value

P-selectin A -0.26 0.24 0.02

B -0.31 0.32 0.02
E-selectin A -0.25 0.25 0.01

B -0.29 0.39 0.005
ICAM-1 A -0.52 0.27 0.007

B -0.49 0.24 0.04
VCAM-1 A -0.026 0.001 0.86

B -0.01 0.001 0.94

A, Before and B, after adjustment for HbA,

tacks. Two patients were found to have peripheral
vascular disease (Table 2).

Haemostatic factors and CAM. Plasma P-selectin
[176.5 (134.7-231.2) vs 136.2 (111.1-166.9) ng/ml;
p <0.05) and ICAM-1 [278.4 (249.0-311.2) vs 228.17
(199.8-260.5) ng/ml; p =0.019] concentrations at
baseline were significantly higher in diabetic patients
with neuropathy than those without (Table 3). E-se-
lectin and VCAM-1 although elevated in patients
without neuropathy were not significantly different
between the two groups. t-PA and PAI-1 activity
were similar in diabetic subjects with and without
neuropathy. However, fibrinogen levels were signifi-
cantly higher in the neuropathic compared to non-
neuropathic patients [3.94 (3.6-4.4) vs 2.95 (2.5-3.5),
g/l; p <0.01].

Plasma P-selectin [184.8 (149.2-228.9) vs 129.1
(99.9-167.0) ng/ml; p <0.05] and E-selectin [54.7
(44.0-68.0) vs 36.7 (27.9-48.2); p = 0.01] were signifi-
cantly elevated in patients who showed a deteriora-
tion of PNCV of more than 3 m/s (group A) com-
pared to group B (Table 4). No difference was ob-
served in ICAM-1, VCAM-1, fibrinogen and t-PA
and PAI-1 activities between the two groups.

Baseline ICAM-1 and VCAM-1 were found to
be weakly correlated with age (r=0.18 and 0.23)
while E-selectin and P-selectin were negatively cor-
related (r =-0.21 and -0.22), but none of these rela-

tionships was significant. Duration of diabetes did
not correlate with baseline CAMs. There were no
differences in mean CAMs and tPA and PAI-1 ac-
tivity between IDDM and NIDDM patients at base-
line. At follow-up plasma CAMs (except for P-se-
lectin) were higher but not significantly, in the pa-
tients with neuropathy. This may be related to the
development of macro- and microvascular disease
at follow-up.

Correlations between CAMs, haemostatic factors, gly-
caemic control and PNCV. Correlations were per-
formed with the biochemical parameters measured
and NCV at baseline and follow-up. ICAM-1 was
strongly correlated with nerve conduction velocity at
baseline (r=-0.594, p =0.002) and follow-up (r =
-0.608, p =0.001) (Fig.1). P-selectin correlated with
NCV at baseline (r=- 0.487, p =0.018) and at fol-
low-up (r =-0.494, p = 0.012) (Fig.2). There was no
correlation between VCAM-1, E-selectin and hae-
mostatic factors and NCV at baseline and follow-up.
HbA, did not show a correlation with worsening
nerve conduction velocity, cell adhesion molecules
or haemostatic factors.

Regression analysis. Linear regression analyses
showed a significant inverse association between in-
creasing concentrations of both log P-selectin (8 =
-0.27, r270.24; p =0.02), log E-selectin (B =-0.25,
’=025; p=0.01) and log ICAM-1 (8=-0.52,
r>=0.27; p =0.007) and a decrease in PNCV. These
three CAMs remained independently (and signifi-
cantly) associated with a deterioration of PNCV
even after adjusting for glycaemic control (Table 5).
The association between log VCAM-1 and PNCV
was not statistically significant. Logistic regressions
were performed to investigate whether increasing
log transformed concentrations of baseline CAMs
may be associated with a risk of decreasing PNCV of
more than 3 m/s. P-selectin and E-selectin with odds
ratios (OR) of 8.8 (95 % CI: 1.1-68.8; p = 0.038) and
12.5 (95% CIL: 1.2-132.1; p =0.036), respectively,
were significantly associated with the risk of having
a change in PNCYV after 5 years. This association re-
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2 kY o % 60

PNCV (mis)
Fig.1. Correlation between peroneal nerve conduction veloci-
ty (PNCV) and intercellular adhesion molecule (ICAM-1) at
baseline (r = -0.594; p = 0.002)

Plasma P-selectin levels (ng/rmi)

PNCV (m/'s)

Fig.2. Correlation between peroneal nerve conduction veloci-
ty (PNCV) and P-selectin at baseline (r = -0.487; p = 0.018)

mained significant even after adjusting for HbA,.
ICAM-1 and VCAM-1 were not associated with the
risk of a deterioration in PNCV.

Discussion

In this study we have demonstrated that elevated
plasma P- and E-selectin levels predict the deteriora-
tion of nerve function over 5 years. As the term ‘dia-
betic neuropathy’ represents a heterogeneous group
of conditions, and it is difficult to define when a pa-
tient changes from non-neuropathic to neuropathic
[19], the most sensitive measure of nerve function,
NCV, was used as a marker. We have previously con-
firmed that peroneal NCV is the best surrogate mark-
er for nerve function in that it is reproducible, corre-
lates with nerve structure, predicts the development
of neuropathy [19, 20] and is associated with the end-
point of the condition, insensitive foot ulceration
[21,22]. Thus, at follow-up, loss of nerve function as
measured by a reduction in PNCV was used as a mea-
sure of deterioration across the whole group, rather
than splitting the group into neuropathic and non-
neuropathic by the use of pre-defined and potentially
artificial criteria.

Increased levels of circulating CAMs have been
observed in diabetes, even in the absence of diabetic
complications [11,12]. CAMs have also been impli-
cated in the development of microangiopathy and in-
creased levels have been demonstrated in diabetic
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patients with long-term complications. Increased
VCAM-1 levels have been observed in IDDM pati-
ents with diabetic retinopathy and microalbuminuria
compared to those without these complications [14,
15]. McLeod et al. [23] reported increased expression
of ICAM-1 and P-selectin in the arteries and veins of
the retinal vasculature in diabetic patients [23]. In
our prospective study we have shown increased levels
of P-selectin and ICAM-1 in patients with neuropa-
thy and have demonstrated that increased P-selectin
and E-selectin at baseline predicted worsening of
neuropathy in our cohort of diabetic patients.

P, E and L-selectins and ICAM-1 and VCAM-1
constitute the CAMs. CAMs are expressed by acti-
vated endothelium and shed into the circulation [24],
and increased circulating levels which can be mea-
sured in the plasma have been observed in many dis-
ease states [25]. CAMs have been shown to be in-
volved in the interaction between circulating leucocy-
tes and the endothelium. Increased expression of
CAMs enhances the “stickiness” of the endothelium
to cellular components of the bloodstream, most spe-
cifically monocytes [25]. Monocytes are activated by
exposure to the increased levels of cytokines in the
plasma of diabetic patients [26], resulting in increased
expression of growth factors, cytokines and free radi-
cals damaging the endothelium leading to platelet ad-
hesion and thrombus formation as well as stimulating
vascular smooth muscle cell proliferation [25]. Histo-
pathological examination of diabetic nerve capillaries
has demonstrated occlusion of blood vessels with en-
dothelial cell hyperplasia and thickening of the capil-
lary basement membrane with a reduction in capil-
lary lumen [16].Measurement of nerve oxygen ten-
sion in sural nerves of diabetic patients with neuropa-
thy has shown this to be significantly lower when
compared to non-neuropathic subjects [27]. Thus, oc-
clusion of the microvasculature with subsequent is-
chaemia and hypoxia of the peripheral nerves could
possibly result in diabetic neuropathy. However, fur-
ther studies are required to assess the changes caused
by CAMs on nerve capillaries.

CAMs are involved in the pathogenesis of athero-
sclerosis [28]. None of our patients had clinically
manifest macrovascular disease at entry into the
study. This however does not rule out the possibility
of our patients having subclinical macrovascular dis-
ease; which also could explain the finding of elevated
levels of CAMs. At follow-up an equal number of pa-
tients had developed macrovascular disease in groups
A and B (Table 2). With the exception of neuropathy,
our patients did not have any other diabetic compli-
cation at entry into the study. Hence elevated CAMs
in neuropathic patients suggests an association of
CAMs in its pathogenesis.

Diabetes is known to be associated with endothe-
lial dysfunction and the observation of increased
CAMs in the absence of micro- or macrovascular
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complications suggests an activated endothelium in
diabetic patients and is associated with release of en-
dothelial products which could possibly be related to
the development of microangiopathy [29, 30]. Diabe-
tes is also described as a hypercoagulable state and
rheological parameters and endothelial products
have been shown to be abnormal in diabetic subjects
with microangiopathy [31, 32]. Plater et al. [33] spe-
cifically demonstrated elevated von Willebrand fac-
tor antigen (vVWFag) at baseline as a predictor of de-
terioration in diabetic nerve function [33], although
Ford etal. [16] could not demonstrate elevated
vWFag when measured by ELISA. In addition no dif-
ference was found in PAI, plasminogen, fibrinogen
and plasma viscosity. Similarly, we did not find a dif-
ference in fibrinogen and PAI-1 and t-PA activities
at baseline in patients with deterioration in NCV as
well as, cross-sectionally, in neuropathic patients, ex-
cept in the latter fibrinogen levels were higher than
non-neuropathic patients. No correlation was seen
between haemostatic factors and CAMs. This
possibly indicates that CAMs act independently of
the various haemorrheological parameters in the
pathogenesis of microangiopathy and diabetic com-
plications.

Glycaemic control has been shown to influence
development of diabetic complications [34], but its
effect on CAMs is still unclear [11,12]. In our study
glycaemic control was not related to deterioration in
diabetic nerve function, although it was only estimat-
ed at one point in time after baseline. Neither did gly-
caemic control correlate with CAM levels, in agree-
ment with the study by Steiner et al. [11]. Thus sug-
gesting that CAMs, especially P-selectin and ICAM-
1, may be independent factors in the pathogenesis
and progression of diabetic neuropathy. A significant
inverse association was shown to be present between
P-selectin, E-selectin and ICAM-1 and PNCYV even
after adjusting for glycaemic control. Thus, whereas
strict metabolic control is important in preventing di-
abetic complications, it may not be totally successful
as vascular factors may not always be influenced by
glycaemic control.

In conclusion, in the first prospective study of
CAMs in the pathogenesis of diabetic complications,
we have shown that elevated levels of P-selectin and
E-selectin are major risk factors for and predicts de-
terioration of nerve function in diabetic patients. Sec-
ondly, P-selectin and ICAM-1 concentrations were
found to be increased in diabetic neuropathic pa-
tients. However, larger prospective studies are re-
quired to firmly establish a link between plasma
CAM levels and the development of diabetic periph-
eral neuropathy.
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