
It has been widely accepted that the initial steps in
the formation of atherosclerotic lesions involve the
adherence of circulating leukocytes to dysfunctional
endothelium and their subsequent transmigration
into the arterial intima [1±3]. The recruitment of
leukocytes into the tissues is dependent on a multi-
step cascade of events mediated by distinct adhesion
molecules such as the selectin family, immunoglobu-
lin superfamily and integrin family [3, 4]. Substan-
tially, vascular cell adhesion molecule-1 (VCAM-1)
has been found in rabbit atherosclerotic lesions [5]
and intercellular adhesion molecule-1 (ICAM-1)
has been expressed in human atherosclerotic pla-
ques [6] and carotid bifurcations [7]. Also, the solu-
ble form of adhesion molecules has recently been
found in serum and increased levels have been re-
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Summary The purpose of this study was to investi-
gate the relationship between complications arising
from silent cerebral infarction (SCI) and changes in
the levels of serum-soluble adhesion molecules in 82
elderly diabetic patients aged 60 years and older.
SCI was found in 43 % of the 82 patients, with inci-
dence increasing in relation to age. The prevalence
of SCI was higher in subjects with hypertension,
poor metabolic control and increased fibrinolysis.
The levels of soluble intercellular adhesion mole-
cule-1 (sICAM-1), vascular cell adhesion molecule-1
(sVCAM-1) and E-selectin (sE-selectin) were higher
in diabetic patients than in non-diabetic subjects
(p < 0.05, p < 0.001, and p < 0.05, respectively). Also,
sICAM-1 and sVCAM-1 were found at increased lev-
els in diabetic patients with SCI compared to those
without SCI (p < 0.01 and p < 0.05, respectively). In
particular, the level of sICAM-1 was increased in pa-
tients with SCI due to perforating arterial occlusion,

while the level of sVCAM-1 was increased in patients
with SCI due to cortical arterial occlusion. However,
no significant difference was found in sE-selectin lev-
els. Overall average of the intima and media thick-
ness (IMT) of the common carotid arteries increased
with age. IMT proved to be greater in patients with
SCI than in patients without SCI (p < 0.05), and
showed a weak but significant positive correlation
with sVCAM-1, while no correlation was found with
either sICAM-1 or sE-selectin levels. In conclusion,
measurement of serum adhesion molecules may be
useful for diagnosing the early stages of brain damage
and for prophylactic treatment which may prevent
the onset or progression of SCI. [Diabetologia
(1998) 41: 911±917]
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ported in a variety of diseases [8]. Although the
physiological or pathophysiological role of the sol-
uble forms is unclear, it is possible they may serve
as monitors of pathological conditions, reflecting
the physiological response resulting from tissue de-
struction, and that they may have physiological ac-
tivity.

On the other hand, increased soluble adhesion
molecules have also been reported in diabetic pa-
tients [8±13] and, in addition, more recent reports
have suggested that levels of soluble adhesion mole-
cules, sVCAM-1 in particular, may be useful as a
marker for development of microangiopathy [14]
and for the presence of atherosclerotic lesions [15].
However, few studies have reported on adhesion mol-
ecules in diabetic patients with macrovascular disease
resulting from atherosclerosis [13, 15] and none re-
garding the relationship of these molecules to the
high incidence of stroke in diabetic patients. Since
the increasing elderly diabetic population is expected
to cause a steady rise in the incidence of cerebrovas-
cular disease, studies regarding its early diagnosis
are of great importance, in order to prevent the dis-
ease.

Recently, detection of asymptomatic cerebral in-
farction discovery has become easier due to increased
availability of magnetic resonance imaging (MRI)
[16±20]. This type of stroke (silent cerebral infarction
[SCI]) is considered to be the preclinical stage for
symptomatic stroke and vascular dementia [17±19].
The most potent risk factors for SCI have been re-
ported to be hypertension and aging [16, 17, 19±21],
along with diabetes [17, 18, 21].

We therefore performed MRI in elderly diabetic
patients aged 60 years or greater, and investigated
the incidence and characteristics of SCI, particularly
concerning the association with serum-soluble adhe-
sion molecules as a potential predictor of SCI.

Subjects, materials and methods

Patients. We studied 82 elderly outpatients with Type II (non-
insulin-dependent) diabetes mellitus who were older than
60 years of age and without history or clinical symptoms of
cerebrovascular disease, and no neurological deficits. The
subjects consisted of 35 men (67.1 ± 1.0 years) and 47 women
(71.4 ± 1.0 years) whose ages ranged from 60 to 84 years
(mean of 69.7 ± 0.7 years). Sixty percent of these subjects had
hypertension, 49 % had hyperlipidaemia, and 20 % had nei-
ther. All subjects underwent neurological examination by a
neurologist. As control subjects, 41 age- and sex-matched
non-diabetic subjects (mean, 69.2 ± 0.8 years; 16 male, 67.1 ±
1.0 years; 25 female, 70.6 ± 1.1 years) were selected, of whom
61 % were patients with hypertension and/or hyperlipidaemia
(44 %), and 22 % were healthy volunteers with neither. The av-
erage value of HbA1c was 5.0 ± 0.1 %, ranging from 4.5 to 5.5 %
in control subjects. Informed consent was obtained from each
of the participants, and the study was performed in accordance
with the principles of the Declaration of Helsinki.

Evaluation of subjects. Blood samples were obtained with a 19-
gauge butterfly needle without stasis while the patients were in
a fasting state. A variety of parameters (Table 1) were mea-
sured and serum was stored at ±70 °C until assay of adhesion
molecules. Biochemicals such as total cholesterol (T-chol),
HDL cholesterol (HDL-chol), triglycerides (TG), and fasting
blood glucose (FBG) were measured by autoanalyser using
routine enzymatic techniques. Beta-thromboglobulin (Beta-
TG), platelet factor-4 (PF-4), thrombin antithrombin complex
(TAT), plasminogen a2 plasmin inhibitor complex (PIC), and
D-dimer were analysed using enzyme-immunoassay. Lipopro-
tein(a) (Lp(a)) was measured by latex agglutination immuno-
turbidimetric assay. HbA1c (normal range: 4.3±5.8 %) was mea-
sured by latex enhanced competitive immunoturbidimetric as-
say. Plasma insulin was assayed by RIA. For plasma fibrinogen
assay, the Dade thrombin-clotting time methodology was used.
Hypertension was defined by either prior diagnosis, current
treatment with an antihypertensive agent, or blood pressure
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Table 1. Clinical and biochemical characteristics of elderly
diabetic patients with and without SCI

Overall with SCI without
SCI

No. of patients
(male/female) 82 (33/49) 35 (14/21) 47 (19/28)

Age (years) 69.7 ± 0.7 71.8 ± 1.1 68.0 ± 0.9b

Duration of diabetes
(years) 13.2 ± 1.0 13.9 ± 1.2 12.6 ± 1.4

Body mass index (kg/m2) 23.0 ± 0.4 23.5 ± 0.6 22.7 ± 0.5

T-cholesterol (mmol/l) 5.40 ± 0.09 5.32 ± 0.14 5.46 ± 0.11

HDL-cholesterol
(mmol/l) 1.49 ± 0.04 1.45 ± 0.05 1.53 ± 0.06

Triglycerides (mmol/l) 1.54 ± 0.07 1.51 ± 0.11 1.57 ± 0.10

Lipoprotein (a) (mg/l) 207 ± 25 225 ± 44 194 ± 30

Fasting blood glucose
(mmol/l) 7.97 ± 0.21 8.43 ± 0.36 7.62 ± 0.24

HbA1c (%) 7.0 ± 0.1 7.3 ± 0.2 6.8 ± 0.1b

Fasting serum immuno-
reactive insulin (pmol/l) 60.8 ± 4.3 58.0 ± 4.3 62.9 ± 6.9

b -thromboglobulin (mg/l) 52.2 ± 4.0 51.0 ± 5.3 53.0 ± 5.8

Platelet factor-4 (mg/l) 15.9 ± 2.2 14.9 ± 3.1 16.7 ± 3.1

Thrombin antithrombin
complex (mg/l) 2.7 ± 0.3 3.6 ± 0.7 1.9 ± 0.1a

Plasminogen a2 plasmin
inhibitor complex (mg/l) 0.89 ± 0.04 1.04 ± 0.08 0.78 ± 0.04a

D-dimer (mg/l) 0.45 ± 0.05 0.60 ± 0.10 0.34 ± 0.04a

Fibrinogen (mmol/l) 8.39 ± 0.31 8.82 ± 0.45 8.07 ± 0.41

Haematocrit (%) 40.5 ± 0.4 39.8 ± 0.7 40.9 ± 0.5

Hypertension (+/�) 49/33 27/8 22/25a

Cigarette smoking
(Never/past/current) 49/16/17 20/8/7 29/8/10

Diabetic microvascular
complications (+/�) 23/59 10/25 13/34

Treatment
(Diet/OHA/Insulin) 25/43/14 7/20/8 18/23/6

Values represent the mean ± SEM. a p < 0.01, b p < 0.05, signif-
icantly different from diabetic subjects with SCI. Diabetic mi-
crovascular complications (+): patients with at least one dia-
betic complication; OHA, oral hypoglycaemic agents



greater than 165/95 mmHg on three consecutive measure-
ments.

Assessment of atherosclerosis. SCI was diagnosed using MRI
(Signa Horizon, GE, 1.5 Tesla; Milwaukee, Wisconsin, USA),
and the criteria used for diagnosis were: irregular areas of
high signal intensity larger than 3 mm in diameter detected on
T2-weighted images, low signal intensity areas on T1-weighted
images, and areas of higher intensity than cerebrospinal fluid
in proton density images or fluid attenuated inversion recovery
(FLAIR) images. Lesions less than 3 mm in diameter or le-
sions with signal intensity similar to cerebrospinal fluid in pro-
ton images and FLAIR images were excluded because of a
high possibility that they were enlarged perivascular spaces,
even if they demonstrated a high signal on T2-weighted images
and a low signal on T1-weighted images. We also excluded leu-
koaraioses (deep white matter hyperintensity) or deep white
matter lesions detected only on T2-weighted images from this
study. In addition, infarctions were classified into two groups
based on the arterial territory of lesion indicated in the MR im-
ages: perforating and cortical arterial branch systems.

Ultrasonographic assessment of carotid artery wall thick-
ness has become a standard technique for non-invasive visual-
ization of atherosclerotic lesions [22±26]. We performed high
resolution B-mode imaging of bilateral common carotid arter-
ies using an ultrasound system with a 7.5-MHz tranducer
(SSA-260A; Toshiba Co., Tokyo, Japan). The average intima
and media thickness (IMT) values were determined by the
maximum thickness in plaque-free segments of each longitudi-
nal projection as defined by Pignoli et al. [27].

Measurement of serum-soluble (s) adhesion molecules. Serum
samples for determination of sICAM-1, sVCAM-1 and sE-se-
lectin were analysed in duplicate using the single-step sand-
wich enzyme-linked immunosorbent assay method (R&D Sys-
tems Europe, Abingdon, Oxon, UK) with Model 550 Micro-
plate Reader (Bio Rad, Hercules, Calif., USA). Since in-
creased levels of circulating adhesion molecules have been re-
ported in a variety of diseases [8], subjects with malignancies,
chronic and/or acute inflammatory disease, severe cardiovas-
cular disease (such as myocardial infarction and unstable angi-
na), severe microvascular complications (such as renal failure),
and other pathological conditions known to increase adhesion
molecules were excluded from this study.

Statistical analysis. Results are expressed as the mean ± SEM.
Statistical analysis was performed by analysis of variance, fol-
lowed by an unpaired t-test for the comparison of two means,
and a post hoc test for comparison among groups. The chi-
square test for independence, simple regression and multivari-
ate step-wise regression analysis were also used. These statisti-
cal analyses were carried out using Statview-J 4.5 on an Apple
Macintosh. P less than 0.05 was considered to be statistically
significant.

Results

Comparison of clinical and biochemical characteris-
tics between elderly diabetic patients with and without
SCI (Table 1). SCI was revealed in 43% (35 of 82) of
the elderly diabetic patients. The incidence of SCI in-
creased with age: the incidences were 30% in the 60 s
(13 of 43), 53% in the 70s (17 of 32), and 71 % in the
80s (5 of 7). Seventy-seven percent of the SCI lesions

were considered to be in areas supplied mainly by the
perforating arteries (if lesions were in areas supplied
by both the perforating and cortical arteries, the pre-
dominant arterial system was selected). The average
number of infarcts was 2.5 ± 0.3, with a single infarct
present in 26 % of the patients, two infarcts in 43%,
and three or more infarcts in 31 %.

Significant differences were observed in age,
HbA1c, TAT, PIC, D-dimer and the presence of hy-
pertension between elderly diabetic patients with
and without SCI, as shown in Table 1. In addition,
we performed multivariate step-wise analysis for fac-
tors such as shown in Table 1, which revealed that
the predictors for SCI were age, TAT and HbA1c
(r2 = 0.29, F = 8.35, p < 0.0001).

Comparison of sICAM, sVCAM and sE-selectin be-
tween elderly diabetic and non-diabetic subjects with
and without hypertension or hyperlipidaemia (Ta-
ble 2). Soluble ICAM-1, sVCAM-1 and sE-selectin
were found at significantly increased levels in diabet-
ic patients when compared to non-diabetic control
subjects. Additionally, when levels of adhesion mole-
cules were compared between diabetic and non-dia-
betic subjects with and without hypertension or hy-
perlipidaemia, levels of sVCAM-1 in diabetic sub-
jects were significantly higher than those in non-dia-
betic subjects in any state, while levels of sICAM-1
were found to increase significantly in diabetic sub-
jects with hypertension or hyperlipidaemia.

Comparison of serum-soluble adhesion molecules be-
tween elderly diabetic patients with and without SCI
(Fig.1, Table 3). Multivariate regression analysis of
the levels of soluble adhesion molecules and other
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Table 2. Comparison of sICAM-1, sVCAM-1 and sE-selectin
between elderly non-diabetic and diabetic subjects with and
without hypertension or hyperlipidaemia

No. of
subjects

sICAM-1 sVCAM-1 sE-selectin

Overall
Diabetic (82) 249.8 ± 10.5b 783.8 ± 19.0a 54.3 ± 2.3b

Non-diabetic (41) 214.9 ± 8.8 678.7 ± 23.5 45.6 ± 3.2

with hypertension
Diabetic (49) 252.5 ± 12.6b 808.0 ± 27.0a 55.2 ± 3.0
Non-diabetic (25) 209.3 ± 10.6 685.3 ± 23.5 47.2 ± 4.5

without hypertension
Diabetic (33) 245.8 ± 18.4 747.8 ± 24.0b 53.1 ± 3.7
Non-diabetic (16) 223.6 ± 15.6 668.4 ± 22.4 43.0 ± 4.6

with hyperlipidaemia
Diabetic (40) 254.0 ± 15.5b 753.4 ± 19.0a 51.7 ± 3.0
Non-diabetic (18) 193.5 ± 14.6 656.1 ± 17.5 42.6 ± 3.7

without hyperlipidaemia
Diabetic (42) 245.7 ± 14.4 813.0 ± 32.1b 56.8 ± 3.5
Non-diabetic (23) 231.7 ± 9.7 696.4 ± 26.1 47.9 ± 5.0

Values represent the mean ± SEM (mg/l). a p < 0.01, b p < 0.05,
significantly different from non-diabetic subjects



factors such as shown in Table 1, revealed that the
most potent predictor for SCI was sICAM-1 (r2 =
0.40, F = 8.00, p < 0.0001). As shown in Figure 1,
sICAM-1 was found at increased levels in patients
with SCI compared to patients without SCI (287.2 ±
17.3 vs 221.9 ± 11.6 mg/l, p < 0.005). In particular, the
levels of sICAM-1 (300.1 ± 20.4 mg/l) in patients with
SCI due to perforating arterial occlusion showed a
marked increase. In addition, sICAM-1 was positive-
ly correlated with the numbers of infarcts (r = 0.364,
p < 0.01). Serum levels of sVCAM-1 also increased
in patients with SCI compared to those without SCI
(829.0 ± 31.3 vs 750.1 ± 22.6 mg/l, p < 0.05), and were
found at increased levels (889.0 ± 82.3 mg/l, p < 0.05)
in patients with SCI due to cortical arterial occlusion
in contrast with sICAM-1. However, we could not ob-
serve any significant differences in sE-selectin levels
in patients with and without SCI (55.1 ± 3.5, 53.8 ±
3.2 mg/l, respectively).

We also investigated the association between lev-
els of each adhesion molecule and various factors
such as aging, hypertension, microalbuminuria, and
metabolic control in elderly diabetic patients. Soluble
VCAM-1, but neither sICAM-1 nor sE-selectin, was
found to increase significantly with aging (r = 0.347,
p < 0.005). We did not find any significant differences
in sICAM-1, sVCAM-1 and sE-selectin between dia-
betic patients with and without hypertension or hy-
perlipidaemia (Table 2), and increased levels of
sICAM-1 were observed in patients with SCI regard-
less of the presence of hypertension (Table 3) and hy-
perlipidaemia (data not shown). Since we excluded
patients with advanced complications such as renal
failure and proliferative retinopathy, the association
with microvascular complications could not be fully
examined in the present study. However, sVCAM-1
showed a significant increase in 21 patients with mi-
croalbuminuria, including two patients with overt
proteinuria, compared with patients without such
symptoms (847.7 ± 39.6 vs 758.9 ± 20.7 mg/l, p <
0.05). Only sE-selectin correlated positively with
HbA1c pertinent to diabetic control (r = 0.259, p <
0.05). Among the adhesion molecules, sICAM-1

showed a weak, positive correlation with sE-selectin
(r = 0.253, p < 0.05).

IMT in elderly diabetic patients (Fig.2). The overall
average of IMT was 1.11 ± 0.03 mm, and IMT in-
creased with age from 1.02 ± 0.04 mm in the 60s, and
1.21 ± 0.05 mm in the 70s, to 1.26 ± 0.08 mm in the
80s. Also, IMT in patients with SCI (1.18 ± 0.05 mm)
was significantly thicker than in patients without SCI
(1.05 ± 0.04 mm, p < 0.05). Among serum soluble ad-
hesion molecules, only sVCAM-1 showed a weak
but significant positive correlation with IMT as shown
in Figure 2. There was no relationship between IMT
and metabolic control, hypertension, or hyperlipida-
emia.
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Table 3. Comparison of sICAM-1, sVCAM-1 and sE-selectin
between elderly diabetic patients with and without hyperten-
sion and SCI

No. of
subjects

with Hypertension without Hypertension

with SCI
(27)

without SCI
(22)

with SCI
(8)

without SCI
(25)

sICAM-1 275.7 ± 17.4 224.0 ± 16.6b 326.0 ± 47.7 220.1 ± 16.5b

sVCAM-1 812.1 ± 37.9 803.0 ± 38.9 886.1 ± 46.3 703.6 ± 21.9a,c

sE-selectin 56.5 ± 4.3 53.5 ± 4.3 50.3 ± 4.7 54.0 ± 4.7

Values represent the mean ± SEM (mg/l). a p < 0.01, b p < 0.05,
significantly different from diabetic patients with SCI.
c p < 0.05 significantly different from hypertensive diabetic pa-
tients without SCI
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Discussion

The elderly population is gradually increasing in de-
veloped countries, and it is predicted that the number
of elderly diabetic patients will also increase [28]. The
management of macrovascular complications will
therefore play a more important role in relation to
mortality and quality of life in elderly diabetic pati-
ents than it does currently, since aging itself is a risk
factor for vascular breakdown.

On the other hand, the advent of neuroimaging,
especially the prevalence of MRI, has focused medi-
cal attention on the frequency of unexpected white
matter lesions such as SCI in the brain. It is well
known that hypertension along with aging [16, 17,
19±21, 29, 30] are strong risk factors for the onset of
SCI, while it is controversial whether impared glu-
cose tolerance may be a risk factor for SCI [16±19,
21]. Moreover, it remains undecided whether SCI
predisposes patients to symptomatic stroke as well
[17±19]. Kobayashi et al. [29] have reported that cere-
bral blood flow is decreased in neurologically normal
adults with SCI. Also, SCI is reported to be related to
impaired cognition [31] and depression [32]. Conse-
quently, it is likely that progression of SCI may lead
to vascular dementia. In addition, it has been report-
ed that diabetic patients have a very high risk of
death resulting from stroke [33], indicating that the
severity of stroke in diabetic subjects is much greater
than that in normal subjects because of cumulative
risk factors. Thus, the importance of early prevention
of strokes in diabetic patients cannot be overly stres-
sed.

First, we investigated the general risk factors for
stroke, and discovered that age, hypercoagulable
state, accelerated fibrinolysis, the presence of hyper-
tension and poor metabolic control were risk factors
for SCI. Our observations that the incidence of SCI
increased with age and was higher in hypertensive pa-
tients than in normotensive patients were in agree-
ment with many previous reports. Moreover, interest-
ingly, diabetic patients with SCI had poorer metabol-
ic control compared with patients without SCI, indi-
cating that metabolic control itself may affect the in-
cidence of SCI, since HbA1c seems to reflect not
only current but also consecutive glycaemic control.
This may be supported by the reports that hypergly-
caemia induces cerebrovascular ischaemia [34] or
that metabolic control of diabetes is an important
predictor of stroke in elderly subjects [35].

Recently, there have been several reports concern-
ing ischaemic cerebrovascular disease and adhesion
molecules, especially ICAM-1 [36±41]. Sobel et al.
[36] have demonstrated the existence of ICAM-1 an-
tigen in vessels situated within the infarction zone of
stroke patients. A new concept for the onset of is-
chaemic stroke has been proposed in recent reports
as follows: ICAM-1 is expressed on the cell surface

by exposure to cytokines such as tumour necrosis fac-
tor-a and interleukin-1b during ischaemia [42] or by
free radicals induced after reperfusion [39], which
contributes not only to neutrophil adherence to the
endothelial cells but also to the migration and infil-
tration of neutrophils. This vicious circle of neutro-
phils and ICAM-1 may physically plug and obstruct
the microvasculature [38, 39, 43, 44]. However, most
of these reports describe the expression and changes
in adhesion molecules during the acute stroke phase
[41] or under experimental ischaemic conditions [38,
44], and nothing has been reported on alterations in
adhesion molecules under chronic conditions such as
SCI. In addition, although increased serum-soluble
adhesion molecules have also been reported in dia-
betic patients [8±13], few detailed reports are avail-
able on the role of adhesion molecules in diabetic pa-
tients with cerebrovascular disease where diabetes is
considered to be a risk factor. Our present study
showed that an increased level of adhesion molecules
was found in elderly diabetic patients in comparison
with age- and sex-matched non-diabetic control sub-
jects, and was in accordance with previous reports
[8±13, 45]. Such increased levels of adhesion mole-
cules found in diabetic patients may be explained by
recent reports that advanced glycation end-products,
caused by hyperglycaemia [46] and increased throm-
boxane A2 resulting from abnormal prostaglandin
metabolism [47, 48], induced the expression of
ICAM-1 and VCAM-1. Multiple risk factors likely
to be found in diabetic patients, such as hypertension
[49], hyperlipidaemia [12] and a diabetic predisposi-
tion to thrombosis, may also contribute to the expres-
sion of adhesion molecules.

Subsequently, we investigated the association be-
tween adhesion molecules and SCI. Multivariate re-
gression analysis showed sICAM-1 to be the most po-
tent predictor for SCI. As shown in Figure 2, signifi-
cantly increased levels of sICAM-1 were found in pa-
tients with SCI, especially that caused by perforating
arterial occlusion, compared with those without SCI.
Lipohyalinosis and angionecrosis induced by hyper-
tension are generally considered to explain the mech-
anism by which infarction of perforating arterial
branch systems occurs. However, increased levels of
sICAM-1 were observed in diabetic patients with
SCI regardless of the presence of hypertension (Ta-
ble 3). Accordingly, it is likely that contributions of
other factors such as increased levels of sICAM-1 in
addition to hypertension may also be thought to
cause the onset of perforating arterial infarction.

On the other hand, although sVCAM-1 was also
found at higher levels in patients with SCI compared
with those without SCI, there were no differences be-
tween the two groups in diabetic patients with hyper-
tension. In addition, our present study showed that
only sVCAM-1 increased with age and also had a
weak but significant positive correlation with IMT
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which also strongly correlated with age. These results
are in complete agreement with reports by Otsuki
et al. [15]. Interestingly, sVCAM-1 was found at in-
creased levels in patients with SCI due to cortical ar-
terial occlusion which is generally considered to be
caused by atherosclerosis. Taken together, it seems
likely that an increased level of sVCAM-1 may
strongly suggest the existence of atherosclerotic le-
sion related to aging.

Regarding sE-selectin, there were no siginificant
differences found in the comparison of patients with
and without SCI, and only sE-selectin was found to
correlate with diabetic control.

In conclusion, the levels of serum-soluble adhesion
molecules were found to increase in elderly diabetic
patients, indicating that an increased level of
sVCAM-1 may be suggestive of advanced atheroscle-
rosis related to aging, while an increased level of
sICAM-1 may reflect the presence of SCI or contrib-
ute to the onset. Thus, more increased levels of adhe-
sion molecules in diabetic patients than in non-dia-
betic subjects may be responsible for the accelerated
development of macrovascular complications. There-
fore, treatments to decrease the levels of adhesion
molecules may prevent the progression of macrovas-
cular complications. However, further studies will be
required to verify these results.
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