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Thickness and Carotid Plaque as Risk Factors for
Ischemic Stroke in Patients with Type 2 Diabetes
Mellitus

BACKGROUND AND PURPOSE: An increase in the common carotid artery intima-media thickness
(CCA-IMT) is generally considered an early marker of atherosclerosis. This cross-sectional study assessed
the CCA-IMT and plaque score as vascular risk factors in patients with ischemic stroke and type 2 diabetes.

MATERIALS AND METHODS: Brain MR imaging and carotid ultrasonography were performed in 133
subjects with type 2 diabetes. IMT was measured at both CCAs. Differences in the variables between
case and control subjects were compared statistically. To determine the independent factors related
to CCA-IMT and plaque score, we performed stepwise multiple regression analysis.

RESULTS: Sex, current smoking habit, history of hypertension, and high-density lipoprotein (HDL)
levels differed significantly between the case and control groups. CCA-IMT and plaque score in
patients with diabetes and acute ischemic stroke were significantly greater than in patients with
diabetes who were stroke-free. The crude odds ratios suggested that CCA-IMT and plagque score are
risk factors of acute ischemic stroke in patients with type 2 diabetes. However, when we adjusted for
cerebrovascular risk factors, CCA-IMT and plaque score did not remain significantly associated with
acute ischemic stroke.

CONCLUSION: Increased CCA-IMT and plaque score are associated with acute ischemic stroke in
patients with type 2 diabetes. The higher CCA-IMT and plaque score found in ischemic stroke in
patients with type 2 diabetes seem to be induced by cerebrovascular risk factors. Therefore, to prevent
ischemic stroke in patients with type 2 diabetes, strict control of hyperglycemia, hypertension,
smoking, and low HDL, together with monitoring of CCA-IMT and carotid plaque, may be important.

-mode sonography is a noninvasive method for examin-
ing the walls of peripheral arteries and provides a measure
of intima-media thickness (IMT) and the presence of stenosis
and plaques. The IMT corresponds to the intima-media com-
plex, which comprises endothelial cells, connective tissue, and
smooth muscle and is the site of lipid deposition in plaque
formation. The IMT of the carotid artery is an established
sonographic marker for early atherosclerosis, and thickening of
the intima-media complex reflects generalized atherosclerosis.'
Several studies have shown an association between in-
creased carotid IMT and myocardial infarction or stroke in
elderly and middle-aged subjects."”™ Increased common ca-
rotid artery (CCA)-IMT has been reported under various con-
ditions, including hypertension, dyslipidemia, obesity, diabe-
tes, smoking, and cardiovascular disease, including ischemic
stroke. In patients with type 2 diabetes, aging, hypertension,
duration of diabetes, hyperglycemia, dyslipidemia, and smok-
ing have been identified as significant risk factors for
stroke.®'"
Several studies have shown that diabetes mellitus is one of
the main risk factors for cerebrovascular disease. Therefore,
identifying patients with diabetes with a high risk of develop-
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ing a cerebral infarction is of great clinical importance.»''"'*

Carotid plaques are frequently found in patients who have
suffered a stroke.' Few studies have specifically investigated
the relationship between ischemic stroke and CCA-IMT and
carotid plaques in type 2 diabetes. Therefore, we examined the
relationship between IMT and plaque score and the develop-
ment of cerebral infarction in patients with type 2 diabetes. In
addition, we investigated the relationship between various risk
factors and IMT and plaque score in these subjects.

Subjects and Methods

The cases of acute first-time ischemic stroke in patients with type 2
diabetes who visited our neurology ward were collected between Jan-
uary 2004 and December 2005. A stroke was defined as rapidly devel-
oping signs of focal or global disturbance of cerebral function lasting
more than 24 hours with no apparent cause other than vascular. Acute
ischemic stroke was confirmed based on clinical presentation, diffu-
sion-weighted MR imaging, and apparent diffusion coefficient maps.
Patients with isolated transient ischemic attack, stroke as a result of
apparent cardioembolic origin, or a history of previous stroke were
excluded. Cerebral infarction was categorized into lacunar infarction,
cortical infarction (including territorial and borderzone infarctions),
and large subcortical infarction.

Control subjects with type 2 diabetes were recruited from patients
with symptoms such as headache, migraine, and dizziness during the
same period. In total, 133 subjects with type 2 diabetes, including 44
case subjects and 89 control subjects, underwent both brain MR im-
aging and carotid ultrasonography. At the time of enrollment, labo-
ratory data, blood pressure, and anthropometric measurements were
collected for each patient.



Fig 1. Longitudinal scan of carotid ultrasonogram. Measurement of CCA-IMT (/arge arrows)
at the far wall of the common carotid artery is shown. The carotid plaque (small arrows)
in the distal common carotid artery is seen. The arrowhead represents carotid bifurcation.

Table 1: Clinical characteristics of case and control subjects with
type 2 diabetes

Control
Subjects Case
(89) Subjects (44) P
Age, years 62.2 = 10.6 64.0 =93 .33
Male sex 55.8% 44.2% 03
Smoking (Y) 11.1% 34.7% .02
Hypertension (Y) 51.2% 70.7% .03
HDL-C (>40 mmol/L) 62.5% 30.9% .001
LDL-C (>130 mmol/L) 41.6% 27.3% 32
Triglyceride, mmol/L 1959 + 46.5 187.5 =422 14
BMI, kg/m? 259 +3.49 246+ 279 32
HbA,, > 7, % 72.9% 69.1% 65
[HD (Y) 12.1% 12.5% 1.00

Note:—Y indicates yes; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density
lipoprotein-cholesterol; BMI, body mass index; Hb, hemoglobin; IHD, ischemic heart
disease. Continuous data are presented as mean = SD, noncontinuous data as percent-
ages.

Table 2: IMT and plaque score in case and control subjects

Control Subjects Case Subjects

(89) (44) P
Log mean IMT (m (sd)) —0.186(0.23) —0.098 (0.22) .04
Log max IMT (m (sd)) —0.043(0.27) 0.067 (0.27) .03
Plague scare
0 45.5% 21.4% <.001
1-3 50.0% 26.1%
4-6 4.5% 26.1%

Note:—IMT indicates intima-media thickness.

The traditional risk factors for cerebrovascular disease in both case
and control subjects—age, sex, body mass index, history of hyperten-
sion, history of smoking, low-density and high-density lipoprotein
(HDL) cholesterol levels, triglyceride levels, hemoglobin (Hb) A,
levels, and ischemic heart disease—were also evaluated. The survey
on smoking was based on the participants’ recall. Smoking was de-
fined as having at least 1 cigarette daily, as well as having smoked in
the past. Nonsmoking was defined as self-reported lifetime
abstinence.

Brain MR Imaging

All subjects underwent brain MR imaging. Patients with acute isch-
emic stroke underwent brain MR imaging within 2 days from the
onset of symptoms. The median time between brain infarction and
CCA-IMT evaluation was 8.1 days (range, 1-78 days) for case subjects
and 7.5 days between brain MR imaging and CCA-IMT evaluation
(range, 0—80 days) for control subjects. Diffusion-weighted, T1- and

T2-weighted, and fluid-attenuated inversion recovery (FLAIR) im-
ages were obtained with a 1.5T Gyroscan Intera system (Philips, Both-
ell, Wash).

Carotid Ultrasonography

We confined IMT measurements to the CCA because of the relatively
common occurrence of plaques at the origin of the internal carotid
artery (ICA). All case and control subjects underwent ultrasonogra-
phy of both carotid arteries. CCA-IMT and plaque score were evalu-
ated using high-resolution sonography equipped with a linear trans-
ducer at 7.5 MHz in B mode (HDI 5000 SonoCT; Philips), and one
neuroradiologist examined the results.

We assessed the presence of plaques in the CCA, bifurcation, and
ICA, and defined plaques as focal widening of the vessel wall of more
than 50% relative to adjacent segments, with protrusion into the lu-
men, composed of calcified or noncalcified components. Protrusion
was visually determined. The total plaque score reflected the total
number of sites with plaques and ranged from 0 to 6 (each of the
CCAs, bifurcations, and ICAs, bilaterally). To access CCA-IMT, we
focused on far-wall IMT, because far-wall measurements are consid-
ered more valid than near-wall measurements. IMT of the far wall was
defined as the distance between the leading edge of the lumen-intima
interface and the leading edge of the media-adventitia interface (Fig 1).

Far-wall IMT of both CCAs was measured at 3 sites (thickest
point, and at sites 1 cm upstream and downstream, free from plaque)
using Digimatic calipers (Mitutoyo, Kawasaki, Japan) on the longitu-
dinal views. The maximum and mean IMT of the carotid arteries were
assessed. The mean CCA-IMT was defined as the mean IMT of the
right and left CCAs, calculated from 3 measurements on each side.
The maximum CCA-IMT (max CCA-IMT) was defined as the aver-
age of the thickest wall of the right and left CCAs. If there was uniform
intimal thickening in the CCA, we measured intimal thickness every 1
cm from the bifurcation to the end of the CCA. Then, we made 3
measurements: at the thickest point and 1 cm upstream and
downstream.

Statistical Analysis

IMT values were log transformed to obtain a normal distribution.
Differences in variables between case and control subjects were ana-
lyzed for statistical significance by using the ¢ test, Wilcoxon rank-
sum test, x* test, and Fisher exact test. Multiple logistic regression
analysis was performed to calculate the odds ratio of ischemic stroke
associated with increased CCA-IMT and plaque score by adjusting for
available risk factors of stroke.

Results

The baseline characteristics of the study subjects are shown in
Table 1. Forty-four acute ischemic stroke cases were con-
firmed by imaging studies. They comprised 26 lacunar infarc-
tions, 12 cortical infarctions, including territorial and border-
zone infarctions, and 6 large subcortical infarctions.
Significant differences were observed between the case and
control groups in sex, current smoking habit, history of hyper-
tension, and HDL levels.

The CCA-IMT (max IMT and mean IMT) and plaque
score in the case subjects were higher than in control subjects
(Table 2). In addition, the crude odds ratios suggested that
CCA-IMT and plaque score were risk factors for of acute isch-
emic stroke in patients with type 2 diabetes (Table 3). How-
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Table 3: Association between CCA-IMT and plaque score and
ischemic stroke on multiple logistic regression analysis

95% ClI
0dds Ratio Lower Upper

Log (mean IMT)

Crude 529 1.05 26.7

Adjusted* 1.64 0.14 19.4
Log (max. IMT)

Crude 458 1.16 18.1

Adjusted* 2.08 0.24 18.1
Plaque score

Crude 3.14 1.67 593

Adjusted* 214 0.80 5.73

Note:—CCA-IMT indicates common carotid artery intima-media thickness; Cl, confidence
interval.
* Adjusted for sex, smoking habit, high-density lipoprotein, and hypertension history

ever, after adjusting for the significant variables in Table 1, the
statistical significance disappeared.

Discussion

The development of sonography technology has allowed the
noninvasive evaluation of atherosclerosis in the carotid arter-
ies. The initial manifestation of carotid atherosclerosis is char-
acterized by a subtle increase in vascular IMT, the progression
of which leads to plaque formation and vascular narrowing.
Reflecting systemic atherosclerosis, increased CCA-IMT is as-
sociated with a higher risk for stroke.>'*"*

In a case-control study,” increased IMT was associated with
an increased risk of stroke. In another study,” an association
between increased IMT and the risk of incident stroke was
observed; the relative risk increased in a linear fashion with
increasing IMT and was of the same magnitude as the relative
risk for myocardial infarction. Touboul et al® observed that an
increased CCA-IMT was associated with brain infarctions,
both overall and in the main subtypes, and concluded that an
increased IMT may help to identify patients at high risk for
brain infarction. Several studies™***' have demonstrated the
potential value of CCA-IMT and plaque score for assessing the
risk of atherothrombotic infarction and lacunar infarction but
not for other stroke subtypes, such as cardioembolic infarc-
tion, cerebral hemorrhage, and other or unclassified stroke.
They demonstrated that atherosclerosis does not play an im-
portant role in cardioembolic infarction, cerebral hemor-
rhage, and other or unclassified stroke.

In addition, the existence of carotid artery plaques is asso-
ciated with increased risk of stroke, irrespective of their loca-
tion. In neurologically asymptomatic subjects, carotid plaques
are likely to be both markers of generalized atherosclerosis and
sources of thromboemboli.'>!”*** Kitamura et al'® reported
that wall thickening of the CCA and the formation of uncalci-
fied plaque in the ICA were positively associated with an in-
creased risk of stroke in elderly Japanese men. Ebrahim et al®
showed that carotid artery plaques were more strongly associ-
ated with elevated cardiovascular risk than a diffuse increase in
IMT.

Based on these findings, carotid atherosclerosis, even in the
absence of advanced stenosis, appears to be associated with a
risk of stroke. Therefore, we evaluated the value of CCA-IMT
and plaque score for identifying patients with type 2 diabetes
at high risk of cerebral infarction.
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We demonstrated that increased CCA-IMT and plaque
score correlated with acute ischemic stroke in patients with
type 2 diabetes. Sex, history of smoking, history of hyperten-
sion, and low HDL were statistically significant in the case
subjects. However, after we adjusted for these 4 factors, CCA-
IMT and plaque score did not remain significantly associated
with acute ischemic stroke, indicating though that CCA-IMT
and plaque score are not independent cerebrovascular risk
factors.

Although many studies have reported that CCA-IMT and
plaque score are independent risk factors for ischemic stroke,
even after adjusting for conventional risk factors,'” our re-
sults showed that CCA-IMT and plaque score were not inde-
pendent factors for ischemic stroke. CCA-IMT is associated
with modifiable (eg, blood pressure, blood cholesterol, smok-
ing, diabetes, and obesity) and nonmodifiable risk factors
(age, sex, genes, and currently unknown risk factors).'®

An increased carotid IMT has been observed in patients
with type 2 diabetes. Diabetes itself might be of crucial im-
portance for the development of atherosclerosis because of
the clustering of various interrelated metabolic distur-
bances, as well as hyperglycemia. The cause of atheroscle-
rosis in type 2 diabetes could be sought in the glucose tox-
icity to the endothelium and glycosylation processes, as
indicated by the higher levels of plasma glucose and HbA .
in patients with diabetes, as well as in the significant in-
crease in cardiovascular risk factors. Therefore, they em-
phasize that hyperglycemia and clustering of conventional
risk factors are related to IMT.?® Kawamori et al*° reported
that aging, hypertension, dyslipidemia, duration of diabe-
tes, and smoking habits were related to CCA-IMT. Epide-
miologic studies have reported associations between a
range of cerebrovascular risk factors and IMT; Temelkova-
Kurktschiev et al*® also reported a trend between a greater
number of risk factors, and a thicker intima-media.*

Hence, we argue that because IMT reflects exposure to ce-
rebrovascular risk factors, IMT itself may not play a direct role
in ischemic infarction and that it can be considered an inter-
mediate factor in the causal pathway between clinical risk fac-
tors and stroke. Therefore, to prevent atherosclerosis of the
carotid arteries in patients with type 2 diabetes, strict control
of hypertension, hyperglycemia, smoking habits, and dyslipi-
demia seem to be important.

Therapeutic interventions with blood pressure-lowering
agents and lipid-lowering agents, as well as multifactorial in-
terventions in patients with diabetes, can slow the progression
of or even reduce carotid IMT. Carotid IMT has been recently
recognized as a surrogate marker for evaluating therapeutic
interventions in atherosclerotic disease.'*'®>¢

One limitation of our study is that it focused on acute
stroke only and did not include diabetic subjects with chronic
ischemic stroke or isolated transient ischemic attack (TIA). In
future, the relationship between IMT and plaque score and
ischemic stroke must be examined in all patients with diabetes,
segregating them into patients with strokes (TIA, acute, and
chronic) and without strokes.

Conclusion
Increased CCA-IMT and plaque score were correlated with
acute ischemic stroke in patients with type 2 diabetes. How-



ever, the greater CCA-IMT and plaque score found in isch-
emic stroke for patients with type 2 diabetes seem to be in-
duced by cerebrovascular risk factors prevalent in patients
with diabetes, and CCA-IMT and plaque score seem to be
vascular risk factors that reflect the degree of exposure to ce-
rebrovascular risk factors. Therefore, CCA-IMT and plaque
score in patients with type 2 diabetes can be considered inter-
mediate factors in the causal pathway between cerebrovascu-
lar risk factors and ischemic stroke, not independent factors
for ischemic stroke.

To prevent ischemic stroke in patients with type 2 diabetes,
strict control of hyperglycemia, hypertension, smoking, and
dyslipidemia, together with monitoring of CCA-IMT and ca-
rotid plaque, may be important. Large prospective studies are
need to establish the link between earlier carotid atherosclero-
sis and the future stroke risk in patients with type 2 diabetes.
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