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Abstract
Background: Stroke is one of the major causes of death worldwide. The importance of increased intima-media thickness 
in cardiovascular risk stratification has been recurrently studied. The relationship between them, however, is still 
controversial.

Objectives: To determine whether increased common carotid artery (CCA) intima-media thickness can be used as an 
independent high-risk marker for the occurrence of stroke. 

Methods: This study sample comprised 948 patients consecutively assessed by use of cervical triplex scan from January 
2004 to June 2009. Those patients were divided into groups according to the presence or absence of recent stroke as 
follows: a group of patients with ischemic stroke (n = 452, 48%); a group of patients with hemorrhagic stroke (n = 22, 
2%); and a group of patients with no events (n = 474, 50%).

Results: On logistic regression analysis adjusted for the classic cardiovascular risk factors, increased CCA intima-
media thickness associated significantly and on an approximately linear way with ischemic stroke (Odds Ratio = 1.808, 
confidence interval: 1.291–2.534, p = 0.01), but not with hemorrhagic stroke (p = ns). A significant interaction with age 
was also found, showing a greater discriminative capacity for the risk of ischemic stroke in individuals aged less than 
50 years. 

Conclusions: The increased CCA intima-media thickness was identified as an independent predictor of the risk for 
ischemic stroke, but not for hemorrhagic stroke, emphasizing the usefulness of its assessment on clinical practice. (Arq 
Bras Cardiol 2012;98(6):497-504)
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concluded that the use of other intima-media measurements, 
namely in the common carotid artery (CCA), bears a stronger 
correlation with the occurrence of stroke11-14. 

Ultrasonography, especially the cervical triplex scan, is the 
most effective and used non-invasive method to assess the 
presence of intima-media thickening. That method provides 
information about arterial wall changes, and progression and 
regression of extracranial carotid lesions15-21. On the ultrasound 
assessment of the intima-media thickness, according to Stein 
et als., the stratification of values should be always adjusted 
for the patient’s age, gender and race17. According to the 
authors of the EDUCATE Study, regarding the occurrence of 
vascular events, an excellent clinical prognosis is associated 
with a negative carotid ultrasound study22.

This investigation study was aimed at assessing the 
discriminative capacity of the increased CCA intima-media 
thickness for the risk of stroke.

Methods
Data included in the sample refer to all patients undergoing 

cervical triplex scan between January 1st, 2004, and June 30, 
2009. The methodology of data collection was structured 

Introduction
Currently, one of the major consequences of the 

atherosclerotic disease is stroke, which is one of the 
major causes of death in the adult population in Portugal 
and Brazil, and one of the major causes of disability in 
industrialized countries worldwide1-3. Stroke is an important 
public health problem, requiring urgently the early clinical 
diagnosis of its manifestations4-7. The relationship between 
stroke and increased intima-media thickness has been 
widely discussed in the scientific community; however, 
the value of that parameter and, consequently, its clinical 
usefulness are still controversial. 

Regarding the carotid artery, some authors have reported 
that the presence of increased intima-media thickness in the 
internal carotid artery (ICA) bears a good relationship with the 
occurrence of cerebrovascular events8-10. However, they have 
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and objective, and a table was created for the records. Data 
collection was retrospective, by use of direct consultation of 
the database, and the target population comprised patients 
with no events, patients diagnosed with hemorrhagic stroke 
and patients diagnosed with ischemic stroke. In the “no 
event” group, ultrasonography was performed preventively, 
while, in the groups with events, ultrasonography was 
performed close to the event time. The “no event” group 
comprised individuals with the following characteristics: 
clinical information regarding the assessment of extracranial 
circulation, syncope, dizziness, ataxia, headaches, dementia, 
vertebrobasilar insufficiency, and tinnitus. The ischemic stroke 
group comprised those with clinical information regarding 
ischemic stroke and cerebellar stroke. The hemorrhagic stroke 
group comprised those with clinical information regarding 
hemorrhagic stroke and subarachnoid hemorrhage.

Patients with the following characteristics were excluded: 
insufficient clinical data; multiple strokes; reassessment 
after stroke; and incomplete reports due to lack of patient 
collaboration. 

All patients underwent cervical triplex scan on an Aloka 
5500 ultrasound equipment, with a 7.5 MHz linear probe® 
(Siemens Healthcare®, Germany), according to adequate 
procedures defined by the manufacturer. The measurements 
were always taken by the same examiner on the distal CCA at 
approximately 20 mm from the carotid bulb, the intima-media 
thickness being defined as the maximum distance between 
the lumen-intima interface and the media-adventitia interface. 
The intima-media thickness was the mean value obtained from 
the six measurement points.

The quantitative variables studied were age and the 
right and left CCA intima-media thickness. The qualitative 
variables studied were gender, clinical data (“no event”, 
ischemic stroke, hemorrhagic stroke), and the presence 
of risk factors for atherosclerotic disease (cardiac disease, 
hypercholesterolemia, arterial hypertension, type 2 diabetes 
mellitus, smoking , and increased CCA intima-media 
thickness). It is worth noting that of the mentioned risk 
factors for atherosclerotic disease, the existence of cardiac 
disease, hypercholesterolemia, arterial hypertension, type 
2 diabetes mellitus, and smoking was considered based on 

the clinical data obtained at the time of the examination 
and registered on the patients’ medical records.

The patients’ data were processed with the Statistical Package 
for the Social Sciences (SPSS) software for Windows, version 
17.0. The distribution of the variables was tested regarding 
normality by use of the Kolmogorov-Smirnov test, and regarding 
homogeneity of the variances by use of the Levene’s test. 

For the general characterization of the sample and 
distribution of the qualitative and quantitative variables, 
simple descriptive statistics was used. The values of the 
quantitative variables are shown as mean ± standard deviation 
and minimum – maximum. The values of the qualitative 
variables are shown as absolute values and percentages. 
Parametric variables were compared between groups by use 
of ANOVA (post-hoc Tukey test), while categorical variables 
were compared by use of the chi-square test. 

Logistic regression was used for data statistical analysis, 
and ischemic stroke and hemorrhagic stroke were defined 
as dichotomous dependent variables. The variables 
defined as independent were gender, age, cardiac disease, 
hypercholesterolemia, arterial hypertension, type 2 diabetes 
mellitus, smoking, and right and left CCA intima-media 
thickness. The criterion for statistical significance adopted was 
p ≤ 0.05, with a 95% confidence interval.

Results
The sample comprised 948 patients as follows: 452 

(48%) with ischemic stroke; 22 (2%) with hemorrhagic 
stroke; and 474 (50%) with no events (Figure 1).

Table 1 shows the sample distribution of age (years) and 
right and left CCA intima-media thickness values (mm) 
according to gender. 

Table 2 shows the sample distribution of the risk 
factors for atherosclerotic disease according to the events 
considered. 

The ischemic stroke group had the highest mean age 
(69.83 years), and statistically significant differences were 
observed between that group and the “no event” group (p < 
0.001). The morphological study of the left CCA showed the 
highest intima-media thickness values in the ischemic stroke 

Figure 1 – Distribution of the sample according to the type of events

Ischemic stroke
No events
Hemorrhagic stroke
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group (1.14 ± 0.2 mm), and statistically significant differences 
were also observed between that group and the “no event” 
group (1.06 ± 0.2 mm; p < 0.001). The morphological study 
of the right CCA showed the highest intima-media thickness 
values in the hemorrhagic stroke group (1.15 ± 0.2 mm), and 
statistically significant differences were observed between the 
ischemic stroke group and the “no event” group (p < 0.001). 

Regarding risk factors (Table 2), increased CCA intima-media 
thickness was the most prevalent, present in 355 (78.5%) and 
288 (60.8%) patients of the ischemic stroke and “no event” 
groups, respectively. In the hemorrhagic stroke group, arterial 
hypertension was the most prevalent risk factor, present in 19 
patients (86.4%). In all groups, the smoking habit was the least 
prevalent risk factor. Compared with the other two groups, the 
ischemic stroke group showed the greatest proportion of the 
following: male gender; presence of increased CCA intima-

media thickness; and presence of other risk factors, such as 
arterial hypertension and hypercholesterolemia. 

Table 3 shows the results of univariate logistic regression 
for the hemorrhagic stroke event. 

The univariate logistic regression models adopted showed 
that only arterial hypertension had a marginally significant 
effect on the likelihood of developing hemorrhagic stroke 
(OR = 3.344; CI: 0.982–1.386, p = 0.053). Table 4 shows 
the results of univariate logistic regression for the ischemic 
stroke event. 

The univariate logistic regression models adopted 
showed that the following variables have a statistically 
significant predictive effect on the likelihood of developing 
ischemic stroke: hypercholesterolemia (OR = 0.621; CI: 
0.477–0.806, p < 0.001); age (OR = 1.026; CI: 1.015–
1.037, p < 0.001); gender (OR = 1.397; CI: 1.079–1.809, 

Table 2 - Distribution of the risk factors for atherosclerotic disease according to the events considered

Variables

Clinical data

Ischemic stroke Hemorrhagic stroke No events Total

n % n % n % n %

Gender
Male 274 60.6 15 68.2 245 51.7 534 56.3

Female 178 39.4 7 31.8 229 48.3 414 43.7

Cardiac disease
No 320 70.8 19 86.4 356 75.1 695 73.3

Yes 132 29.2 3 13.6 118 24.9 253 26.7

Type 2 diabetes mellitus 
No 339 75.0 18 81.8 378 79.7 735 77.5

Yes 113 25.0 4 18.2 96 20.3 213 22.5

Arterial hypertension
No 127 28.1 3 13.6 193 40.7 323 34.1

Yes 325 71.9 19 86.4 281 59.3 625 65.9

Hypercholesterolemia
No 295 65.3 12 54.5 255 53.8 562 59.3

Yes 157 34.7 10 45.5 219 46.2 386 40.7

Smoking
No 398 88.1 22 100.0 429 90.5 849 89.6

Yes 54 11.9 0 0.0 45 9.5 99 10.4

CCA intima-media thickening
No 97 21.5 4 18.2 186 39.2 287 30.3

Yes 355 78.5 18 81.8 288 60.8 661 69.7

CCA = common carotid artery

Table 1 - Distribution of age and right and left CCA intima-media thickness values according to gender

Gender

Male - 534 (56.3%) Female - 414 (43.7%)

Mean ± SD Minimum - Maximum Mean ± SD Minimum - Maximum

Age 67.93 ± 12.49 27 – 96 67.44 ± 13.18 25 - 99

Left CCA intima-media thickness 1.1 ± 0.2 0.7 – 1.4 1.1 ± 0.2 0.5 – 1.4

Right CCA intima-media thickness 1.1 ± 0.2 0.7 – 1.4 1.1 ± 0.2 0.6 – 1.4

CCA = common carotid artery; SD = standard deviation.
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p = 0.011); arterial hypertension (OR = 1.672; CI: 
1.273–2.197, p < 0.011); and increased CCA intima-media 
thickness (OR = 2.272; CI: 1.703–3.032, p < 0.001).  

On the multivariate analysis with all the previously 
mentioned variables, only increased CCA intima-media 
thickness, arterial hypertension and hypercholesterolemia 
showed a statistically significant and independent effect 
on the likelihood of developing ischemic stroke. Thus, 
increased CCA intima-media thickness was independently 
associated with ischemic stroke (OR = 1.808; CI: 1.291–
2.534, p = 0.01) (Figure 2). 

Considering that increased left and right CCA intima-
media thickness might have a statistically significant effect 
on the likelihood of developing ischemic stroke, once more 
the univariate logistic regression models were used. They 
showed an increase in the likelihood of developing ischemic 
stroke as follows: of 28.1% for each 0.1-mm increase in the 
left CCA intima-media thickness; and of 27.7% for each 
0.1-mm increase in the right CCA intima-media thickness.

Still regarding the univariate logistic regression study for 
the ischemic stroke event, left and right CCA intima-media 
thickness values were considered according to previously 
defined age groups (under 50 years of age; from 50 to 
65 years; and over 65 years). The results showed that the 
left and right CCA intima-media thickness values had a 
statistically significant predictive effect on the likelihood 
of developing ischemic stroke at all age groups, being 
more significant at ages under 50 years (OR = 1.697; CI: 
1.192–2.417, p = 0.003 on left CCA, and OR = 2.048; 
CI: 1.371–3.059, p < 0.001 on right CCA). Figures 3 and 
4 show the type of relationship between the occurrence 
of ischemic stroke and the increased right and left CCA 
intima-media thickness, by use of the univariate logistic 
regression model. 

The analysis of the graphs in Figures 3 and 4 shows that, 
for the right and left CCA, the relationship between the 
risk of ischemic stroke and the intima-media thickness is 
approximately linear. 

Table 3 – Univariate logistic regression for the hemorrhagic stroke event

Univariate analysis

Variables OR 95% CI p value

Gender 0.595 ]0.240 – 1.473[ 0.262

Age 1.006 ]0.972 – 1.041[ 0.733

Increased CCA intima-media thickness 1.981 ]0.664 – 5.905[ 0.220

Cardiac disease 0.427 ]0.125 – 1.455[ 0.174

Type 2 diabetes mellitus 0.762 ]0.255 – 2.277[ 0.627

Arterial hypertension 3.344 ]0.982 – 11.386[ 0.053

Hypercholesterolemia 1.219 ]0.521 – 2.850[ 0.648

OR = Odds Ratio; CI = confidence interval; CCA = common carotid artery.

Table 4 – Univariate logistic regression for the ischemic stroke event

Univariate analysis

Variables OR 95% CI p value

Gender 1.397 ]1.079 – 1.809[ 0.011

Age 1.026 ]1.015 – 1.037[ <0.001

Increased CCA intima-media thickness 2.272 ]1.703 – 3.032[ <0.001

Cardiac disease 1.278 ]0.958 – 1.706[ 0.095

Type 2 diabetes mellitus 1.320 ]0.972 – 1.792[ 0.075

Arterial hypertension 1.672 ]1.273 – 2.197[ <0.001

Hypercholesterolemia 0.621 ]0.477 – 0.806[ <0.001

Smoking 1.360 ]0.895 – 2.065[ 0.150

OR = Odds Ratio; CI = confidence interval; CCA = common carotid artery.
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Figure 2 – Multivariate logistic regression for the ischemic stroke event.

OR = Odds Ratio; CCA = common carotid artery.
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Figure 3 – Relationship between the risk of ischemic stroke and the left CCA intima-media thickness.

1st tertile; 1

2nd tertile; 1.732

3rd tertile; 2.209

   OR = Odds Ratio; CCA = common carotid artery.

Ri
sk

 of
 is

ch
em

ic 
str

ok
e

501



Original Article

Arq Bras Cardiol 2012;98(6):497-504

Freitas et al. 
Intima-Media Thickness and Stroke

Discussion and conclusions
Several studies have reported that increased CCA intima-

media thickness can be used as a marker of high risk for the 
occurrence of stroke.

Our study showed that, in fact, there is an association 
between the occurrence of stroke and increased CCA intima-
media thickness. 

Regarding hemorrhagic stroke, the increased CCA intima-
media thickness showed no statistically significant results, unlike 
arterial hypertension, which increases 3.34 fold the risk for that 
event. Ariesen et als.23 have shown that arterial hypertension 
increases 3.68 fold the risk for intracerebral hemorrhage. 

Regarding ischemic stroke, the results differed completely; 
the increased CCA intima-media thickness, along with the 
other risk factors for atherosclerotic disease, has a statistically 
significant and independent effect on the likelihood of 
developing ischemic stroke. There is an 80.8% increase in the 
likelihood of the occurrence of that event. These results are 
in accordance with those of other studies, such as the ARIC 
Study24, CH Study10, CAP Study13, Rotterdam Study25,26, and 
PARC Study27, whose results were similar. However, the analysis 
of those results require some considerations. According to 
Touboul et als.11,28, the reason why some individuals develop 
a greater  intima-media thickness increase might be related 
to other factors not approached here, such as anatomic/
hemodynamic factors and genetic susceptibility. In addition, 
the fact of defining the variables as binary, for the purpose 
of statistical analysis, might interfere with data interpretation, 
because, in some cases, the duration and severity of the risk 
factors are worth assessing.

Another finding was the increase in the likelihood of 
developing ischemic stroke of 28.1% for each 0.1-mm 
increase in the left CCA intima-media thickness and of 
27.7% for each 0.1-mm increase in the right CCA intima-

media thickness. Those results are in accordance with those 
of other similar studies. In the ARIC Study24, a 0.18-mm 
increase in the CCA intima-media thickness leads to a 60% 
and 31% increase in the risk of stroke in women and men, 
respectively. The CH Study10 has reported that a 0.2-mm 
increase in the CCA intima-media thickness results in a 37% 
increase in that risk. On the other hand, the Rotterdam 
Study25 has reported that a 0.163-mm increase in the CCA 
intima-media thickness is associated with a 41% increase 
in the stroke occurrence.

The present study also showed that the left and right CCA 
intima-media thickness value has a statistically significant 
predictive effect on the higher likelihood of developing 
ischemic stroke for ages under 50 years as compared with ages 
over 50 years. Regarding left CCA, there is a 69.7% increase, 
while for right CCA, the increase is of 104.8%. In addition, 
the relationship between the risk of stroke occurrence and 
the CCA intima-media thickness value is approximately linear, 
being higher between the 1st and 2nd tertiles, for both the 
right and left CCAs. Other studies, such as the CAPS Study13 
and the PARC Study27, have reported similar results. That result 
is worth noting and should be carefully assessed, because 
vascular events in young individuals are rare, and because 
a statistically significant difference does not always translate 
clinical significance. Lorenz et als.29 have also suggested that 
further studies should be performed on young populations. 
The ARIC Study24 has concluded that the relationship between 
the CCA intima-media thickness values and the likelihood of 
developing stroke is greater for values under 1.0 mm; thus, 
the risk for stroke occurrence will be greater in the presence of 
lower intima-media thickness reference values. Because young 
individuals usually have absolute intima-media thickness 
values under 1.0 mm, their risk for the stroke occurrence 
might be greater. In the elderly, the relationship found can be 
explained by the medication they usually take (beta-blockers, 

 Figure 4 – Relationship between the risk of ischemic stroke and the right CCA intima-media thickness.

OR = Odds Ratio; CCA = common carotid artery.
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statins, angiotensin-converting-enzyme inhibitors), which can 
influence the intima-media thickness values 13,27. 

This study has also some limitations. Although all 
individuals included in the database are part of the 
Portuguese National Healthcare System and were cared 
for and underwent tests at the same hospital, they do not 
represent the general population. Thus, all conclusions 
should be interpreted with due care. The representative 
number of individuals of the hemorrhagic stroke population 
is reduced, which might have influenced somehow the results 
obtained for that event. 

Thus, we leave the following recommendations for 
future studies: to include a higher number of individuals 
with hemorrhagic stroke; to include other risk factors for 
atherosclerotic disease, such as body mass index, which 
will enrich the results; and to carry out a similar study, but 
of prospective nature, including individuals of the general 
population and youngsters. In addition to the presence 
of increased CCA intima-media thickness, it would be 
worth assessing the behavior of several risk factors for 
atherosclerotic disease over time to evaluate the behavior 
of the relationship here described. In addition to stroke, 
it would also be worth considering acute myocardial 
infarction, to verify in which of those events the relationship 

with the increased CCA intima-media thickness would be 
most significant.

In conclusion, the increased CCA intima-media thickness 
showed to be independently associated with ischemic stroke 
but not with hemorrhagic stroke. Although several authors 
have claimed that increased CCA intima-media thickness 
bears a moderate correlation with stroke occurrence, they 
have emphasized the need for further studies so that it can 
be considered a risk marker for the occurrence of vascular 
events, such as stroke27. This study reinforces that association.
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