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OBJECTIVE — We examined the relationship between intima-media thickness of common
carotid artery (CCA-IMT) and silent cerebral infarction (SCI) with the magnetic resonance
imaging (MRI) study in Japanese subjects with type 2 diabetes.

RESEARCH DESIGN AND METHODS — The brain MRI study and the carotid ultra-
sonography were performed in a total of 217 consecutive Japanese subjects with type 2 diabetes.
Various risk factors for SCI were examined using multiple logistic analyses.

RESULTS — The SCI was found in 60.4% of the diabetic subjects. In the diabetic subjects,
age, systolic blood pressure (SBP), pulse wave velocity, and CCA-IMT were significantly higher
in the subjects with SCI than in those without it. Multiple logistic analyses indicated that age,
SBP, and CCA-IMT were significant and independent risk factors of SCI in the diabetic subjects.

CONCLUSIONS — CCA-IMT, but not pulse wave velocity, was independently associated
with SCI in Japanese subjects with type 2 diabetes.
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P eople with type 2 diabetes are at
high risk for silent cerebral infarc-
tion (SCI) compared with people

without diabetes (1,2). Because SCI is the
preclinical stage for symptomatic stroke
and associated with cognitive decline, it is
clinically important to identify SCI in pa-
tients with diabetes.

The measurement of intima-media
thickness of the common carotid artery
(CCA-IMT) by ultrasonography has been
recognized as a powerful method to iden-
tify subclinical atherosclerosis. Increased
CCA-IMT is reported to be associated
with stroke in subjects including those
with diabetes (3–5). However, few studies
have investigated the relationship be-

tween CCA-IMT and SCI detected by
magnetic resonance imaging (MRI) in
subjects with type 2 diabetes. In the
present study, we examined the relation-
ship between CCA-IMT and SCI in sub-
jects with type 2 diabetes.

RESEARCH DESIGN AND
METHODS — The subjects included
226 consecutive patients with type 2 diabe-
tes who visited our hospital during 2003–
2006. All of them underwent carotid
ultrasonography and brain MRI. Patients
with history of stroke or other neurological
disease or who had cardioembolic risk fac-
tors including atrial fibrillation, valvular
heart disease, and myocardial infarction

were excluded. A total of 217 Japanese sub-
jects with type 2 diabetes were analyzed. No
patients refused to participate in this study.
The study was approved by our institu-
tional ethics committee.

Brain MRI
Brain MRI was performed using a 1.5-T
NovaDual (Philips, Best, the Netherlands)
to obtain T1- and T2-weighted and fluid-
attenuated inversion recovery (FLAIR) im-
ages. SCI was defined as an area of focal
hyperintensity on T2-weighted images with
corresponding low signal intensity on T1-
weighted images, which was �3 mm in di-
ameter. The diagnosis was made when a
lesion was surrounded by a hyperintense
gliotic rim on fluid-attenuated inversion re-
covery images to exclude dilated perivascu-
lar space (6).

Carotid ultrasonography and
brachial-ankle pulse wave velocity
measurement
The CCA-IMT was measured with high-
resolution B-mode ultrasonography
(SSA-770A; Toshiba, Tokyo, Japan) with
a 7.5-MHz linear transducer, as previ-
ously reported (4). Any focal thickening
of the intima-media (�2.0 mm) was ex-
cluded. Brachial-ankle pulse wave veloc-
ity was measured using an automated
device (Omron-Colin, Tokyo, Japan)
(7,8). Ankle brachial pressure index was
the ratio of ankle systolic blood pressure
(SBP) to brachial SBP.

Data analyses
Differences in variables were examined
for statistical significance using the t test.
Results are expressed as the mean � SD.
The relationship between SCI and various
factors were examined by univariate and
multiple logistic analyses. Statistical anal-
ysis was performed using SPSS11.0J
(SPSS, Chicago, IL). Statistical signifi-
cance was determined as P � 0.05.

RESULTS — The SCI was found in
60.4% of the diabetic subjects. By univar-
iate analysis, age, pulse wave velocity,
SBP, and CCA-IMT were significantly
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higher in the subjects with SCI than in
those without it (69.3 vs. 63.7 years,
1,906.7 vs. 1,718.0 cm/s, 140.6 vs. 129.4
mmHg, 1.27 vs. 1.10 mm, respectively,
P � 0.01). Furthermore, multiple logistic
regression analyses indicated that age
(odds ratio 1.09, 95% CI 1.04–1.15), SBP
(1.06, 1.02–1.08), and CCA-IMT (4.16,
1.37–12.62) were independent risk fac-
tors of SCI (Table 1).

CONCLUSIONS — The pre s en t
study found SCI in 60.4% of the diabetic
subjects. It seems likely that SCI exists
more frequently in subjects with type 2
diabetes than in subjects without it, since
a frequency of SCI was reported to be
42% in general Japanese patients (9) and
47.5% in nondiabetic subjects (our un-
published data). Several risk factors have
been identified for the occurrence of SCI,
including age, hypertension, diabetes,
and carotid atherosclerosis (10). It was re-
ported that type 2 diabetes showed a ten-
dency to be associated with SCI (11).
Another study reported that CCA-IMT
was associated with symptomatic isch-
emic stroke in Japanese patients with type
2 diabetes (12). In the present study, we
found that CCA-IMT was thicker in the
subjects with SCI than in those without it
and that increased CCA-IMT correlated
significantly with SCI in the diabetic sub-
jects after the various risk factors were ad-
justed. This is in line with our previous
report that CCA-IMT is a better tool than
pulse wave velocity to detect early athero-
sclerotic changes (8).

In previous reports, Eguchi et al. (2)
reported that the prevalence of SCI in-
creased threefold in Japanese hyperten-
sive patients with diabetes, whereas
Johnsen et al. (13) concluded that CCA-
IMT was associated with hypertensive
vascular disease rather than atherosclero-
sis, especially at an early stage. These
studies suggest a possibility that CCA-
IMT may be related to SCI through hy-
pertension. However, our results with
multiple logistic regression analysis
clearly showed that CCA-IMT was a risk
factor for SCI independently of hyperten-
sion in Japanese diabetic subjects.

This study was limited by several fac-
tors. First, the current study is a cross-
sectional one, making it impossible to
draw any definite conclusion about the
causal relationships. Second, it is often
difficult to differentiate the perivascular
space from infarcts in the basal ganglia
(14). Finally, we could not get any infor-
mation on smoking, which is an impor-
tant risk factor.

Despite these limitations, the present
study suggests that SCI is associated with
age, SBP, and CCA-IMT in Japanese sub-
jects with type 2 diabetes.
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regression analysis.
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