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OBJECTIVE: To compare common carotid intima-media thickness (IMT) between the two major Brazilian ethnic groups (those 
of African descent and those of European descent) among individuals with one or more risk factors for atherosclerotic disease.
METHOD: Two hundred and six patients with one or more risk factors for atherosclerotic disease were evaluated in a cross-sectional 
study in which their clinical, ethnic and Demographic characteristics were collected. All patients underwent duplex ultrasound 
examination of their carotid vessels to obtain IMT measurements.
RESULTS: One hundred and fifty-three patients (74.3%) had a carotid IMT greater than 1.0 mm at one or more point of measure-
ment in at least one common carotid artery. There was a significant correlation between older age and mean carotid wall thickness 
(R=0.479 / P<0.01). Multivariate analysis identified male sex, arterial hypertension and older age as variables associated with 
increased IMT (P<0.05 for all variables). When IMT was compared between the two ethnic groups in this study, no significant 
differences were noted. Euro-descendants and Afro-descendants had similar IMT values, even when the groups were stratified by 
degree of IMT (normal vs. increased) and presence of stroke and/or transient ischemic attack (yes vs. no). 
CONCLUSIONS: The risk factors associated with increased common carotid artery IMT in Brazilian individuals are similar to 
those in previously described populations. No differences were observed between the two main Brazilian ethnic groups. Longitu-
dinal studies are required for a better evaluation of the incidence, etiologic factors and evolution of carotid intimomedial thickening 
in this population.
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INTRODUCTION

Since the first studies comparing anatomical and 
ultrasound measurements of the carotid intima and 
media layers were undertaken,1,2 intima-media thickness 
(IMT) has demonstrated its usefulness as a marker for 
cardiovascular risk and as a method for detection of the early 
development of arterial atherosclerotic disease.3 Several 
investigations have provided evidence of an association 

between increased IMT and classical risk factors associated 
with the development of atherosclerotic disease and the 
occurrence of cardiovascular events.4-8 

Additionally, IMT regression or delayed IMT 
progression can be observed when risk factors are controlled 
via lifestyle modifications or inhibited by different 
pharmacologic therapies. These findings demonstrate the 
usefulness of repeated IMT measurements in the evaluation 
of a patient’s response to therapy. 9-12 

Studies conducted in multiple countries have shown that 
IMT values may differ between distinct ethnic groups,13-15 
thus indicating the need for regional investigations. Many 
regional patient populations have been investigated; however, 
investigations examining increased IMT in Brazilian 
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individuals are few and limited to the evaluation of certain 
clinical characteristics.16-17 Because the Brazilian population 
possesses multiethnic characteristics, such racial differences 
should be taken into account in studies evaluating IMT.

The objective of this investigation was to measure and 
compare common carotid artery IMT (CCA IMT) between 
the two major ethnic groups present in Brazil (Euro-
descendants and Afro-descendants) in individuals with one 
or more risk factor for atherosclerotic disease, and to identify 
demographic and clinical factors that may be associated with 
increased IMT values.

METHODS

Between February and September of 2005, 210 patients 
were submitted to duplex scan ultrasound examination of 
their carotid vessels in our institution. The most common 
indications for ultrasound evaluation of the carotid arteries 
included the occurrence of a neurologic event [stroke, 
transient ischemic (TIA) attack or both], the assessment 
of cardiovascular status in patients with risk factors for 
atherosclerosis and the need for preoperative evaluation 
before vascular surgery. Four patients who underwent carotid 
duplex ultrasound examination due to carotid trauma were 
excluded. The remaining 206 patients were evaluated in 
a cross-sectional study in which their clinical, ethnic and 
demographic characteristics were collected (Table I). Ethnic 
differences were defined by phenotypic observation, direct 
questions regarding the patients’ ancestors and patients’ 
ethnic self-identification. Patients were then divided into 
two major groups: Euro-descendants (Caucasians) and 
Afro-descendants. IMT values were compared between the 

ethnic groups, initially using the entire patient population, 
and subsequently in subgroup analyses. For the subgroup 
analyses included in this study, patients were stratified 
by IMT (normal vs. increased), presence of neurologic 
symptoms (yes vs. no) and presence of carotid stenosis (yes 
vs. no).

All ultrasound examinations were performed by a 
single physician, who was certified to perform duplex scan 
diagnostic procedures. Initially, ultrasound examinations 
were performed using an ATL HDI 1500 ultrasound system 
(Phillips Medical Systems, Bothell, WA, USA) with a 10-12 
MHz linear transducer. In the more recent cases, a Logiq 5 
ultrasound system (GE Healthcare, Milwaukee, WI, USA) 
with a 10 MHz linear transducer was used. Duplex scan of 
the carotid and vertebral vessels was performed according 
to standard techniques. The degree of internal carotid artery 
(ICA) stenosis was classified according to the Society for 
Radiologists in Ultrasound18 criteria.

For the IMT measurements, the CCA was scanned using 
two longitudinal views, posterolateral and anterolateral, as 
previously described. 19 

IMT evaluation was performed on both CCAs, except 
in five cases, in which only unilateral IMT evaluation was 
performed due to unilateral CCA occlusion. At least three 
IMT measurements for both the near and far wall were 
obtained for each CCA, for a total of 12 measurements per 
vessel. The mean value of these measurements from both 
CCAs was calculated. Additionally, the mean and maximum 
IMT values of each CCA were used for comparison of IMT 
values between sides. Ultrasound B-mode settings, including 
gain, depth, focal zone placement and compression, were 
individually adjusted to each vessel in order to enhance 

Table I - Clinical and demographic characteristics stratified by ethnic group

All study participants 
(n=206)

Euro-descendants 
n=121(58.7%)

Afro-descendants 
n=85(41.3%)

p

Age (years, mean±SD) 60.8±12.9 61.5±12.7 59.7±13.1 .32

N (%) N (%) N (%)

Age > 59 years 109 (52.9) 68 (56.2) 41(48.2) .31

Male sex 106 (51.5) 66 (54.5) 40(47.1) .35

Arterial Hypertension 172 (83.5) 101 (83.5) 71(83.5) .99

Diabetes Mellitus 49 (23.8) 29 (24.0) 20(23.5) .99

Smoking 72 (34.9) 46 (38.0) 25(30.1) .32

Stroke 129 (62.6) 76 (62.8) 53(62.4) .99

TIA 11 (5.3) 6 (5.0) 5(5.9) .99

Stroke / TIA 139 (67.5) 81 (66.9) 58(68.2) .96

>50% ICA stenosis or occlu-
sion*

32 (15.6) 25 (20.7) 7(8.2) .02

*Three cases of bilateral disease
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visualization of arterial wall structures and image quality. 
IMT was measured by manual techniques, and values greater 
than 1.0 mm were considered to be abnormal.

Statistics: Differences in risk factor distributions among 
ethnic groups were calculated using chi-square analysis 
and the Student’s t-test. The association between increased 
IMT and clinical characteristics was investigated using 
univariate (Student’s t-test, Spearman’s correlation) and 
multivariate (logistic regression) analyses. Differences in 
IMT measurements between ethnic groups were calculated 
using Student’s t-test. Differences in IMT measurements 
between left and right common carotid arteries were 
estimated using a paired-sample t-test. 

RESULTS

The average age of the study population is 60.8±12.9 
years. Similar numbers of male and female individuals were 
included. Detailed demographic and clinical characteristics 
of the patients are listed in Table I. Afro-descendants were 
found to have a lower rate of >50% internal carotid stenosis 
than Euro-descendants. No other differences were observed 
between the baseline characteristics of the two ethnic groups. 
Of the 206 patients studied, 153 (74.3%) had a CCA IMT 
greater than 1.0 mm in at least one common carotid artery 
and at one or more measurement points. Additionally, 116 
(56.3%) patients had a mean CCA IMT greater than 1.0 mm. 
Increased IMT was found bilaterally in 116 patients (56.3%). 
Of patients with unilaterally increased IMT, increased IMT 
was observed in 16 left and 16 right carotid arteries.

Differences were evident when IMT measurements were 
compared between left and right common carotid arteries. 
Patients with increased IMT had higher mean and maximum 
measurement values in the left carotid artery. Among patients 
with normal IMT values, no statistical differences were 
observed between sides. These findings are detailed in Table 
II.

A significant correlation was observed between 
increasing age and mean bilateral carotid wall thickness 
(R=0.479 , P<0.01; Figure I).

Univariate analysis revealed an association between the 
following variables and increased mean and maximum IMT 

values: male sex, arterial hypertension and age greater than 
59 years. ICA stenosis rates that were greater than 50% were 
related to an increase in maximum IMT values. Smoking 
and previous neurological events (stroke and/or TIA) were 
not associated with increased IMT in this study (Table III). 

When IMT was compared between ethnic groups using 
Student’s t-test, no significant differences between those 
of European descent and those of African descent were 
observed. When patients were stratified by IMT thickness 
(normal vs. increased), the presence of stroke and/or TIA 
(yes vs. no) or the presence of carotid stenosis (yes vs. 
no) no differences were found between Euro- and Afro-
descendants. Detailed results of these analyses are presented 
in Table IV. 

Multivariate analysis identified male sex, arterial 
hypertension, and increasing age as variables associated with 
increased IMT (P<.05 for all variables; Table V).

DISCUSSION

IMT measurement by ultrasound is widely regarded as an 
accurate tool for screening and assessment of cardiovascular 
risk. 

Table II - Comparison of left and right common carotid artery intima-media thickness

Mean IMT (mm) p Maximum IMT (mm) p

Left CCA Right CCA Left CCA Right CCA

Patients with normal IMT 7.28±1.17 7.38±1.15 0.524 8.09±1.38 8.26±1.32 0.415

Patients with increased IMT 14.4±5.9 13.0±4.6 0.004 16.49±6.74 14.89±5.53 0.004

All patients 12.54±6.0 11.51±4.7 0.005 14.28±6.9 13.14±5.6 0.007

CCA: common carotid artery; IMT: intima-media thickness

Figure 1 - Correlation between increasing age and mean bilateral carotid 
wall intima-media thickness.
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Table III - Risk factors associated with increased IMT*

Mean IMT (mean±SD) p Maximum IMT 
(mean±SD)

p

Sex Male 12.46±4.72 .02 16.29±7.5 .01

Female 11.01±4.19 13.83±6.52

Age > 59 years > 59 yr 13.25±4.29 <.001 16.9±6.83 <.001

Up to 59 yr 10.10±4.24 13.04±6.98

Systemic hypertension Yes 12.30±4.53 <.001 15.88±7.2 <.001

No 09.14±3.47 11.15±4.8

Diabetes Yes 11.50±3.88 .61 14.57±6.2 .53

No 11.88±4.72 15.29±7.4

Smoking Yes 12.85±5.08 .088 16.19±7.5 .12

No 11.35±4.17 14.57±6.9

Stroke Yes 11.80±4.66 .88 15.19±7.5 .80

No 11.71±4.33 14.94±6.5

TIA Yes 11.27±3.18 .70 13.18±4.0 .36

No 11.79±4.59 15.21±7.2

Stroke or TIA Yes 11.77±4.56 .98 15.06±7.3 .92

No 11.760±4.47 15.16±6.8

ICA stenosis† > 50% 13.35±6.31 .06 14.94±6.9 .049

< 50% 11.63±5.17 12.82±6.0

 *Univariate analysis results 
 TIA, transient ischemic attack; ICA, internal carotid artery. †N=407

Table IV - Comparison of mean and maximum values of intima-media thickness (IMT) between Caucasians and Afro-
descendants* 

N All patients Caucasians Afro-descendants p

IMT up to 1.0 mm 61 Mean CIMT 7.56±1.0 7.7±0.9 7.3±1.2 .20

Maximum CIMT 8.69±1.0 8.8±1.0 8.4±1.0 .20

IMT >1.0 mm 145 Mean CIMT 13.6±4.1 13.7±4.2 13.5±4.2 .79

Maximum CIMT 17.7±6.8 17.8±6.7 17.6±7.1 .85

No neurologic events 67 Mean CIMT 11.7±4.4 11.9±4.3 11.4±4.7 .64

Maximum CIMT 15.1±6.8 15.3±6.6 14.9±7.1 .84

Stroke and/or TIA† 139 Mean CIMT 11.8±4.5 11.9±4.5 11.7±4.5 .90

Maximum CIMT 15.0±7.3 15.1±7.2 14.9±7.4 .89

Carotid stenosis < 50% 173 Mean CIMT 11.5±4.4 11.5±4.4 11.4±4.5 .88

Maximum CIMT 14.7±6.9 14.7±6.8 14.6±7.0 .94

Carotid stenosis > 50% 32 Mean CIMT 13.0±4.6 13.0±4.4 12.8±5.5 .94

Maximum CIMT 17.0±8.1 16.8±7.7 17.7±10.3 .81

All patients 206 Mean CIMT 11.8±4.51 11.9±4.4 11.7±4.5 .21

Maximum CIMT 15.1±7.14 15.1±7.0 14.9±7.3 .23

* Analysis was performed using Student’s t-test
†Transient ischemic attack

Table V - Risk factors associated with an IMT greater than 1.0mm* 

Variable Hazard Ratio (Relative risk) 95% Hazard Ratio Confidence Limits p

Increasing Age 1.115 1.075-1.158 .000

Systemic hypertension 2.690 1.043-6.935 .041

Male sex 2.160 1.021-4.570 .044

* Results are from multivariate analysis.
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Many studies evaluating IMT in specific ethnic groups 
have been previously undertaken. They have shown similar 
results regarding the association of IMT with risk factors 
for atherosclerosis and cardiovascular diseases.20 However, 
the roles of genetic differences in intima-media thickening, 
atherogenesis, plaque development and evolution, as well as 
in the natural history of cardiovascular disease have not been 
fully elucidated.

A prior study found lower CCA IMT values among 
in Afro-descendants with type 2 diabetes as compared to 
Euro-descendants with type 2 diabetes with similar social 
and cardiovascular profiles. This finding suggests that there 
may be ethnic differences in the response of the CCA wall 
to diabetes and its related metabolic changes.21

Conversely, the PARC-AALA22 multicenter investigation 
revealed that the ethnically distinct populations included in 
the study had similar rates of increased CCA IMT that were 
directly related to the presence of cardiovascular disease 
risk factors. This study identified lower CCA IMT values 
between eastern Asians in comparison with individuals from 
Latin America, Africa and the Middle East. Such differences 
were directly related to a lower incidence of cardiovascular-
related risk factors among eastern Asians.

The Brazi l ian populat ion has  unique ethnic 
characteristics. The majority of the population is of 
European or African descent, and there is a high degree of 
miscegenation. In this study, the two main ethnic groups 
that comprise the majority of the Brazilian population were 
investigated. Patients in the Afro-descendant and Euro-
descendant groups had very similar baseline characteristics 
in terms of age, gender distribution, the prevalence of 
cardiovascular risk factors and the prevalence of previous 
neurologic events linked to atherosclerotic disease. There 
were no differences noted in IMT values between patients of 
African descent and those of European descent in this study. 
The two ethnic groups had very similar baseline clinical 
and demographic characteristics. The similarities in CCA 
IMT values also remained following subgroup analysis. 
Such observations suggest that clinical characteristics and 
lifestyle habits associated with cardiovascular events play a 
more important role in carotid intimomedial thickening than 
ethnic-related genetic factors. This finding is consistent with 
the evidences pointed in a previous study.23 

A possible limitation of our study is that the number of 
racially mixed individuals may be higher than is apparent. 
Simple phenotype observation and genealogic questionnaires 
may have low accuracy in determining racial identity. 
Because of this complicated issue, our initial intention to 
divide the study population into three groups of individuals, 
with the third category being one of mixed European/African 
descent, was abandoned.

Another minor ethnic group, Japanese/Chinese 
descendants, which represents 0.54% of the Brazilian 
population,24 was not included in this investigation. This 
omission is likely because this patient population generally 
seeks care at private healthcare facilities, which is not 
the profile of our institution. Further studies should to be 
undertaken in order to collect information about the common 
carotid artery IMT profile of these individuals. The impact of 
the Westernized Brazilian lifestyle on oriental descendants 
in terms of cardiovascular disease markers and status also 
provides an area for further study.

IMT was previously reported to be a marker for 
cerebrovascular disease and stroke.25-26 Approximately two-
thirds of our patients had a prior recent history of stroke 
and/or TIA. No differences were observed between IMT 
values in patients who had experienced cerebrovascular 
events as compared to those who had not, in the entire study 
population or the individual ethnic subgroups. Clearly, the 
value of CCA IMT for predicting stroke or TIA events 
are best confirmed by longitudinal investigations, while 
cross-sectional studies like ours may fail to identify this 
relationship. However, the very weak association between 
CCA IMT and cerebrovascular disease observed in our 
investigation reinforces the concept that other etiologic 
factors, such as arrhythmias or non-embolic events, may be 
included in investigational models for stroke risk.

A significant difference in the incidence of ICA 
stenosis was observed between Afro-descendants and 
Euro-descendants, with ICA stenosis occurring far more 
frequently in Euro-descendants. This finding confirms 
previous reports of higher rates of carotid stenosis among 
Caucasians.27 Furthermore, maximum IMT values were 
significantly higher in patients with ICA stenosis. However, 
IMT values increased similarly for both ethnic groups in the 
presence of ICA stenosis, with no observable differences 
between the two groups (Table IV). The finding that Afro-
descendants have a lower incidence of ICA stenosis than 
Afro-descendants despite similar age and risk factor profiles 
is important and needs further investigation. Due to the 
small number of patients with ICA stenosis identified in this 
study and the limitations imposed by a cross-sectional study 
design, we felt that no further conclusions could be obtained 
from our data. 

In this investigation, mean IMT values differed between 
the left and right sides. In individuals with normal IMT 
values, both CCAs had similar IMTs. However, in 
individuals with increased IMT, left CCA IMT mean values 
were statistically significantly higher than right CCA IMT 
values. Such evidence is compatible with previous findings28 
that left CCAs have a trend of developing increased 
IMT earlier than right CCAs. This finding can likely be 
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explained by differences in anatomy that expose the left 
CCA to a higher wall shear stress than the right CCA, and 
consequently to wall abnormalities, when other risk factors 
are present.

Intima-media thickness directly correlated with 
increasing age in this study. This finding may be explained 
by the observation that older individuals tend to have a 
higher prevalence of risk factors for atherosclerotic disease 
than younger persons, and have been exposed to these risk 
factors for a longer period of time. Thus, older age may not 
be a risk factor; rather, it may exert an indirect influence 
on IMT values. This observation may have influenced the 
results obtained in our multivariate analysis. 

Systemic hypertension was clearly associated with 
increased IMT, both in univariate and multivariate analysis, 
as has been widely observed in previous investigations.29-31 
Chronic systemic hypertension is one of the most important 
factors associated with arterial wall shear stress, and direct 
control of hypertension may lead to a decrease in IMT 
values, as has been revealed by longitudinal studies.9

Our results revealed that male individuals have 
significantly higher mean IMT values than females 
(12.46±4.72 vs. 11.01±4.19; p=.01), despite the lack of 
significant differences in age or prevalence of arterial 
hypertension in our sample (results not presented). 
Other studies have found that males have an increased 
prevalence of coronary events, even when compared to 
females with similar prevalence and duration of exposure 
to atherosclerotic risk factors.32-33 However, these patterns 
cannot be fully extrapolated to other sites of vascular 
disease, and gender-related differences in cardiovascular 
disease have not been fully elucidated.34

Recent studies have revealed a tendency of investigators 
to use the mean maximum thickness of the CCA, carotid 
bulbs and ICA in their analyses.35 We avoided this approach 

for several reasons. Notably, while carotid bulb and ICA 
measurements may be useful, they can be measured only in 
limited angles that may not reflect the thickest portions of 
the vessel wall.36-37 The variance of results of bulb and ICA 
IMT amongst repeated examinations and different physicians 
is also higher than with CCA measurements.38-40 Finally, up 
to 52% of images can fail to obtain accurate bulb and ICA 
measurements.41

The cross-sectional design of this investigation has 
clear limitations. Although it revealed several clinical and 
demographic factors associated with increased CCA IMT, 
it may have underestimated other important features that 
characterize the development of atherosclerotic disease 
and its associated early arterial wall changes. Dyslipidemia 
is one of these features, and its effects on IMT would be 
better evaluated in a longitudinal investigation. Also, the 
time of onset of other classic cardiovascular risk factors, 
such as diabetes and systemic hypertension, are essential 
for evaluation of their proportional and gradual effects on 
the arterial wall. 

CONCLUSIONS

The risk factors associated with increased CCA IMT 
in Brazilian individuals are similar to those identified 
in previously described populations. No differences in 
CCA IMT were observed between the two main Brazilian 
ethnic groups. Longitudinal studies are required for 
better comprehension of the incidence, etiologic factors 
and evolution of carotid intimomedial thickening in this 
population.
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