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ARTICLE INFO ABSTRACT

Aim: To assess the effects of each traditional cardiovascular risk factor (hypertension, diabetes mellitus, dyslipid-
emia, and smoking), including the presence of coronary artery disease (CAD), on carotid intima-media thickness
(CIMT) and to assess the degree of carotid plaque occurrence.

Methods: A total of 553 outpatients (216 men and 337 women; mean age 67.06 + 12.44 years) who underwent a
carotid artery ultrasound were screened for carotid plaque and CIMT measurements.

Results: The CIMT medians were higher in males (P <.001) and in patients with hypertension (P <.001). A linear
increase occurred in mean CIMT of 0.0059 mm for each year of increase in age. The presence of plaque indicated a
tendency to correlate with CIMT (P = .067). The presence of hypertension associated with diabetes (P = .0061;
estimated difference 0.0494 mm) or dyslipidemia (P = .0016; estimated difference 0.0472 mm) or CAD (P = .0043;
estimated difference 0.0527 mm) increased the mean CIMT measurements. The probability of plaque occurrence in
carotid arteries is influenced by the age (P <.001) and is higher in patients with dyslipidemia (P = .008) and CAD
(P< .001).

Conclusions: Hypertension is the strongest cardiovascular risk factor that increases CIMT, followed by age and male
sex. Age and dyslipidemia increase the probability of carotid plaque. Increased CIMT and plaque could be present in
the same patient caused by different risk factors and with independent effects on the artery wall and different clin-
ical prognoses.

© 2015 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license
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1. Introduction

Since 1986 when Pignoli et al. [1], in an in vitro study, concluded that
B mode imaging represents a useful tool for detection and monitoring of
changes in intimal 4+ medial thickness and allows the evaluation of
changes in the arterial wall in areas without localized plaques, carotid
intima-media thickness (CIMT) measurements have been used in sever-
al observational and interventions studies [2-3]. The noninvasive na-
ture of this approach became a recommendation for its use in the pre-
clinical diagnosis and follow-up of patients with atherosclerosis. CIMT
is widely used in clinical research for testing the value of new and
emerging risk factors and for evaluation of the effects of various drugs
on risk factor modifications [2]. CIMT is considered a reflection of multi-
ple risk factors; however, primary contributors to intima-media thick-
ening are age and hypertension, which do not necessarily reflect the
atherosclerotic process [3-5]. The primary limitation of CIMT is its in-
ability to distinguish lesions with a necrotic core considered a key
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indicator of significant plaque advancement and a recognized feature
of lesion vulnerability [3]. CIMT and carotid plaque, although correlated,
reflect different stages and aspects of atherosclerosis and have distinct
determinants [6]. A hypertensive hypertrophic response of medial
cells can be observed in early phases of atherosclerosis, while carotid
plaque formation is often seen in later stages of atherosclerosis and
may be caused by inflammation, oxidation, and endothelial dysfunction
or smooth muscle cell proliferation, or both [7]. The objective of the
present study was to assess the different effects of each traditional car-
diovascular risk factor (hypertension, diabetes mellitus, dyslipidemia,
and smoking), including also the presence of coronary artery disease
(CAD) on CIMT and the presence of carotid plaque. The correlation be-
tween the presence of plaque and CIMT was also investigated.

2. Methods
2.1. Patients

The subjects were selected from a private cardiology clinic next to the
ultrasound laboratory. All patients were under the care of a private cardi-

ologist, who assessed the results of blood samples, collected from sub-
jects after overnight fasting. The cardiologist used standard techniques
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to determine serum glucose, total cholesterol, high-density lipoprotein
(HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, and triglyc-
erides. The decision to perform a carotid artery study was made exclu-
sively by the private cardiologist. A total of 553 consecutive outpatients
(216 men and 337 women; mean age 67.06 + 12.44 years) who
underwent a carotid artery ultrasound were screened for carotid plaque
and CIMT measurement, during a period of 6 months. There were no ex-
clusion criteria. Before the study, the ultrasonographist collected infor-
mation on demographic characteristics and risk factors for each patient
according to the report from the private cardiologist. Patients were
asked about the presence of hypertension, diabetes mellitus, dyslipid-
emia, coronary artery disease, and current smoking habit. Hypertension
was defined as a history of treated hypertension or the presence of systol-
ic BP > 140 mm Hg or diastolic BP > 90 mm Hg as measured by the private
cardiologist. Smoking history was coded as never or current smoker. Sub-
jects were classified as having diabetes when treated for insulin-
dependent or non-insulin-dependent diabetes or having elevated fasting
glucose levels (=126 mg/dL). The use of lipid-lowering drugs or the pres-
ence of total cholesterol >200 mg/dL, HDL-cholesterol <40 mg/dL, LDL-
cholesterol >100 mg/dL or triglycerides >150 mg/dL was recorded. No
patient at the present study had a history of stroke or transient ischemic
attack and no patient complained of intermittent claudication suggesting
peripheral arterial disease. A history of myocardial infarction, angioplas-
ty, or coronary artery by-pass surgery was recorded and a positive CAD
history was defined as the presence of any of these diseases in conjunc-
tion with the evaluation report from the private cardiologist. Local Insti-
tutional ethical committee approval was obtained for the study. Informed
consent was obtained from each patient and the study protocol conforms
to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in
a priori approval by the institution's human research committee.

2.2. Ultrasound measurements

Measurements were made with a high-resolution B-mode ultraso-
nography (Philips Medical Systems' HD11 platform) with a broadband
width linear array transducer L 3-12 MHz. Sonography and readings
were carried out by trained certified sonographers. On longitudinal 2D
ultrasound images of the carotid artery, the near wall and the far wall
are displayed as 2 echogenic lines (the adventitia and intima) that are
separated by the hypoechoic media. The distance between the leading
edge of the first bright line of the far wall (lumen-intima interface)
and the leading edge of the second bright line (media-adventitia inter-
face) is defined as the CIMT. Measurements of CIMT were taken manu-
ally on the distal 10 mm of both right and left common carotid arteries
in the far wall. Five determinations were conducted on each side and the
average measurement was used for the CIMT, according to Brazilian
Cardiovascular Imaging Department Task Force for Carotid Ultrasound
[8]. An artery was classified as being affected by plaque if there was a
focal wall thickening at least 50% greater than that of the surrounding
vessel wall or a localized region with CIMT greater than 1.5 mm that
did not uniformly involve the whole left or right carotid artery with or
without a flow disturbance. The vascular ultrasonographist identified
plaques in common, internal and external carotids at the time of ultra-
sound measurement. The presence of plaque was coded as yes or no;
however, the degree of stenosis has not been taken into account in the
present study.

2.3. Statistical analysis

Categorical variables are expressed as percentages and continuous
variables are expressed as mean + SD, with a 95% confidence interval
(CI) and a significance level of 5%. Multiple linear regression analysis
was used to assess the effects of each cardiovascular risk factor (hyper-
tension, diabetes mellitus, smoking, dyslipidemia, and CAD) and the
presence of plaque on CIMT. Age and sex were used as control variables.
The chi-square test with Yates correction was used to correlate each risk

factor and the presence of plaque. The logistic regression model was
used to assess all variables with respect to the presence of plaque. Statis-
tical significance was indicated by a value of P <.05. Analyses were per-
formed using IBM SPSS v.20.0 computer software.

3. Results

A total of 553 patients were analyzed. Patients' baseline characteris-
tics are provided in Table 1. At least one risk factor was found in 450
(174 men; 67.6 £ 11.7 years) patients; 103 patients (41 men; 64.6 &+
15.1 years) had no risk factors. Carotid plaque was present in 119
(21.5%) patients: 107 (19.3%) patients with at least one risk factor and
12 (2.1%) patients without risk factors (Table 1). The corrected coeffi-
cient of determination was equal to 0.34, indicating that 34% of changes
in CIMT were explained by the variables included in the model. The
CIMT medians were higher in males and in patients with hypertension.
There was a linear increase in mean CIMT of 0.0059 mm for each year
increase in age. An interesting result indicates that 25.33% of the varia-
tions of CIMT are explained by the age of the individual, excluding the
effect of sex, hypertension, diabetes, dyslipidemia, smoking, CAD, and
the presence of plaque. Diabetes, dyslipidemia, CAD, and smoking did
not influence the CIMT measurements in the present study. The pres-
ence of plaque indicated a tendency to influence the CIMT measure-
ments (Table 2). However, there was a significant difference between
the effects of hypertension on CIMT and the effects of diabetes, dyslipid-
emia, and CAD. The presence of hypertension associated with diabetes
(P = .0061; estimated difference 0.0494 mm) or dyslipidemia (P =
.0016; estimated difference 0.0472 mm) or CAD (P = .0043; estimated
difference 0.0527 mm) increases the mean CIMT measurements. Hyper-
tension did not influence CIMT when associated with plaque (P =
.2891) or current smoking (P = .1103). The probability of plaque occur-
rence on carotid arteries is influenced by age and is higher in patients
with dyslipidemia and CAD and had a tendency to be higher in patients
who were current smokers. Hypertension and diabetes did not cause an
increase in the presence of plaque in the present study (Table 3).

4. Discussion

The main finding of the present study is that CIMT and carotid
plaque are influenced differently by traditional cardiovascular risk fac-
tors. Hypertension is the risk factor that most increases the CIMT mea-
surements alone and when associated with diabetes, dyslipidemia,
and CAD, while dyslipidemia and CAD increase the probability of carotid
plaque occurrence. Age influences both CIMT and plaque, and male sex
increases CIMT values, but not plaque occurrence. Although intima-
media thickness is considered a marker of hypertrophy of intima and
media layers of the artery wall, it is not synonymous with atherosclero-
sis [9-10]. Actually, CIMT and atherosclerosis share common underlying
mechanisms for both disease initiation and progression. Pathological in-
timal thickness is characterized as the formation of lipid pools in the

Table 1

Patient's baseline characteristics.
Patients with risk factors (N/%) 450 (81.3%)
Sex (M/F) 174/276
Age (y + SD) 67.6 +11.7
Carotid plaque (N/%) 107 (23.8)
History of hypertension (N/%) 333 (74)
History of dyslipidemia (N/%) 249 (55.3)
History of diabetes mellitus (N/%) 100 (22.2)
Cardiovascular history (N/%) 71 (15.7)
Current smoking (N/%) 65 (14.4)
Patients without risk factors (N/%) 103 (18.62)
Sex (M/F) 41/62
Age (y + SD) 64.6 + 15.1
Carotid plaque (N/%) 12 (11.6)
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