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Abstract

Background: Changes in the properties of large arteries correlate with higher cardiovascular risk. Recent guidelines 
have included the assessment of those properties to detect subclinical disease. Establishing reference values for the 
assessment methods as well as determinants of the arterial parameters and their correlations in healthy individuals is 
important to stratify patients.

Objective: To assess, in healthy adults, the distribution of the values of pulse wave velocity, diameter, intima-media 
thickness and relative distensibility of the carotid artery, in addition to assessing the demographic and clinical 
determinants of those parameters and their correlations.

Methods: This study evaluated 210 individuals (54% women; mean age, 44 ± 13 years) with no evidence of cardiovascular 
disease. The carotid-femoral pulse wave velocity was measured with a Complior® device. The functional and structural 
properties of the carotid artery were assessed by using radiofrequency ultrasound.

Results: The means of the following parameters were: pulse wave velocity, 8.7 ± 1.5 m/s; diameter, 6,707.9 ± 861.6 µm; 
intima-media thickness, 601 ± 131 µm; relative distensibility, 5.3 ± 2.1%. No significant difference related to sex or ethnicity 
was observed. On multiple linear logistic regression, the factors independently related to the vascular parameters were: pulse 
wave velocity, to age (p < 0.01) and triglycerides (p = 0.02); intima-media thickness, to age (p < 0.01); diameter, to creatinine 
(p = 0.03) and age (p = 0.02); relative distensibility, to age (p < 0.01) and systolic and diastolic blood pressures (p = 0.02 and 
p = 0.01, respectively). Pulse wave velocity showed a positive correlation with intima-media thickness (p < 0.01) and with 
relative distensibility (p < 0.01), while diameter showed a positive correlation with distensibility (p = 0.03).

Conclusion: In healthy individuals, age was the major factor related to aortic stiffness, while age and diastolic blood pressure 
related to the carotid functional measure. The carotid artery structure was directly related to aortic stiffness, which was 
inversely related to the carotid artery functional property. (Arq Bras Cardiol. 2014; 103(5):426-432)
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Introduction
The importance of arterial stiffness to the development 

of cardiovascular diseases has been emphasized in 
past years. Changes in the functional and structural 
properties of large arteries have been correlated with 
greater cardiovascular risk in different populations1-4, and, 
although considered to be intrinsic to the vascular aging 
process3,5,6, they are influenced by other diseases and risk 
factors7,8, such as sex, dyslipidemia, diabetes, increased 
heart rate (HR), smoking9, arterial hypertension, chronic 
renal disease and obesity10-12.

New and accessible methods enable the non-invasive 
assessment of functional and structural properties of large 
arteries. The European guidelines of arterial hypertension13 
and the VI Brazilian Guidelines on Hypertension14 include 
measurements of aortic stiffness and carotid artery intima-media 
thickness (IMT) as methods to assess the possible subclinical 
cardiovascular disease of hypertensive patients.

Aortic stiffness and carotid artery IMT are important 
parameters for cardiovascular risk assessment, being currently 
used for the detection of subclinical disease, minimizing 
poorer prognoses. To assess arterial stiffness, pulse wave 
velocity (PWV) measurement is gold-standard, because of 
the method reproducibility and reliability, in addition to its 
association with cardiovascular risk in different populations, 
independently of the risk factors related15,16.

To establish a reference pattern for the functional 
and structural assessment methods of arterial properties 
is required so that the measurement of arterial stiffness 
and other arterial properties can express the presence of 
subclinical cardiovascular disease. In addition, the major 
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Table 1 – Research projects used as data bank

Approval protocol number Project’s name

2431/04/51 Impact of Obstructive Sleep Apnea Syndrome on the Structural and Functional Properties of Large Arteries

721/04 Influence of the polymorphism of alpha2-1, alpha2-c and beta1 adrenergic receptor genes on the cardiovascular regulation of children of hypertensives

2403/04/23 Determinants of arterial stiffness and carotid intima-media thickness in familial hypercholesterolemia 

852/03 Chest-BR

clinical and demographic determinants of the parameters 
obtained with those methods and their correlations need 
to be established.

In Brazil, a reference pattern for those methods and for 
assessing the major determinants of the function and structure 
of large arteries is yet to be studied, that being the purpose 
of this study.

This study aimed at assessing the following in healthy 
adults: (1) the distribution of aortic PWV values, as well as 
the diameter, IMT and relative distensibility of the carotid 
artery, to define the reference values for the methods applied; 
(2) the major demographic and clinical determinants of the 
parameters obtained by using those methods; and (3) the 
correlations between the arterial parameters obtained by using 
the different methods.

Methods
This study included 210 asymptomatic adults of both 

sexes (age range, 18 to 80 years), with no evidence of 
current cardiovascular disease after clinical and laboratory 
assessment, and not using any medication. They had 
participated as control groups in research projects duly 
approved by the Ethics Committee of the São Paulo 
University Medical School (Table 1).

For sample calculation, a minimum number of 30 patients 
per age group was considered, based on the power to 
detect changes in PWV measurements, according to the 
reproducibility and sensitivity of the test observed at our 
service. The method had intraobserver and interobserver 
reproducibility coefficients of 0.935 and 0.890, respectively. 
That minimum number per age group was calculated by using 
the JMP statistical software. Thus, subdividing the population 
into seven age groups, from 18 to 80 years, 210 individuals 
were obtained. However, because of the difficulty of getting 
individuals older than 70 years with no comorbidity, the same 
number of individuals initially calculated was maintained, 
distributed according to a population curve, predominating 
ages between 41 and 50 years.

Written informed consents were provided in the respective 
projects. The Chest-BR project, assessing individuals with 
no clinical cardiovascular disease, involved 143 patients.  
All underwent complete clinical assessment, laboratory tests, 
cardiopulmonary exercise test, and echocardiography, and no 
change in any of those assessments was evidenced.

The clinical assessment included careful anamnesis for 
data collection, such as age, sex, race and presence or 
lack of exclusion criteria. Ethnicity was recorded according 

to the individuals’ self-reports and classified as white, 
black, mixed and yellow. To make the result presentation 
clearer, the population studied was divided into white 
and non-white. A Filizola scale, Personal model, was used 
to measure the weight and height of barefoot individuals 
wearing light clothes. The body mass index (BMI) was 
determined with the following formula: body weight 
(kg)/height² (m²). Brachial systolic and diastolic blood 
pressures (SBP and DBP, respectively), as well as HR, were 
measured by using the automated Omron HEM 705-CP 
device, duly validated, according to the international 
protocol of the British Hypertension Society (BHS)17 and the 
Association for Advancement of Medical Instrumentation 
(AAMI)18. The device was used on the right arm, with the 
individual sitting and after a 5-minute rest, according to 
the recommendations of the VI Brazilian Guidelines on 
Hypertension14. Pulse pressure (PP) was determined by 
using the formula: SBP – DBP.

Laboratory tests were performed at the laboratory of the 
institution after a 12-hour fasting period.

Individuals with any of the following clinical conditions 
were excluded from the study: chronic renal failure 
(creatinine > 1.4 mg/dL); hepatic failure; systemic arterial 
hypertension [blood pressure (BP) > 140/90 mmHg or 
patient on anti-hypertensive medication]; inflammatory 
diseases; neoplasias; endocrine disorders; hematologic 
diseases; peripheral vascular diseases; hypercholesterolemia 
(total cholesterol > 240 mg/dL or patient on lipid-lowering 
medication); cardiomyopathies; valvular heart diseases; 
congenital diseases; and obesity (BMI > 30).

Methods to assess the arterial parameters
The PWV is automatically measured by recording 

simultaneous pulse waves captured by external sensors 
on two known points of the arterial tree (carotid and 
femoral arteries), being calculated as the propagation 
distance between those two points divided by the time 
necessary to travel between them, provided by the 
software of the device. That measurement was obtained 
with the Complior® device (Gonesse, France), already 
validated and used in several studies at our laboratory19-22. 
The PWV was assessed on the carotid-femoral arterial 
segment, and represented the measure of the pulse wave 
propagation along the aorta. To obtain PWV of each patient, 
ten good-quality curves were selected, and the mean 
calculated. The curves were acquired with the individuals 
placed in the dorsal decubitus position.
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Table 2 – Clinical, laboratory and demographic characteristics of the 
participants, n = 210

Variables Sample (210)

Age, years 44 ± 13

Female sex, n (%) 109 (54)

White, n (%) 141 (76)

Body mass index, kg/m² 25 ± 3

Systolic blood pressure, mmHg 118 ± 13

Diastolic blood pressure, mmHg 75 ± 10

Creatinine, mg/dL 0.9 ± 0.2

Total cholesterol, mg/dL 191 ± 32

Triglycerides, mg/dL 100 ± 32

LDL-cholesterol, mg/dL 120 ± 28

HDL-cholesterol, mg/dL 39 ± 6

Hematocrit, % 42 ± 3

Glycemia, mg/dL 92 ± 7

The functional and anatomical properties of the right 
carotid artery were assessed by using an ultrasound device 
consisting of a vessel wall echo-tracking system (Wall-Track 
System, Pie Medical, Maastricht, The Netherlands), that 
analyses the radiofrequency signals, and was developed 
to measure wall movements of superficial large arteries 
based on location by use of B-mode conventional vascular 
ultrasound. The method has been validated and used in 
clinical studies23-26. The accuracy of that system is 30 μm for 
measuring the diastolic diameter and lower than 1 μm for the 
pulsatile diameter variation (difference between the systolic 
and diastolic diameters). The right common carotid artery 
was assessed 2 cm bellow the carotid bifurcation, and the 
following measurements were taken: carotid artery IMT and 
diameter; beat-to-beat carotid systolic-diastolic variation; and 
percentage of that systolic-diastolic variation7,23.

Statistical analysis
The Kolmogorov-Smirnov test was used to assess the 

distribution of continuous variables. The variables were expressed 
as mean ± standard deviation (SD), median [25 – 75 percentiles] 
or percentage, as appropriate.

The correlation coefficient (r) between clinical, anthropometric, 
biochemical data, PWV and carotid parameters was obtained by 
use of the Pearson method for normally distributed variables, and 
the Spearman method for nonparametric distributed variables.

Analysis of variance (ANOVA) was used to compare 
between variables of different groups, the differences being 
confirmed by using the Tukey-Kramer test.

Factors independently associated with functional and 
structural vascular changes were assessed by using different 
linear regression models (uni- and multivariate), considering 
the PWV and carotid arterial parameters (diameter, 
distensibility or IMT) as dependent variables. For multivariate 
analysis, the following variables were considered independent: 
age, sex, ethnicity, smoking, weight, height, BMI, SBP, DBP, PP, 
glycemia, total cholesterol, LDL-cholesterol, HDL-cholesterol, 
triglycerides and C-reactive protein. For each model, the 
estimated parameters, SD, descriptive significance level (p) 
and correlation coefficient (r) were presented. 

The JMP statistical software, version 5.0, was used and 
p values < 0.05 were considered statistically significant.

Results
Table 2 shows the major clinical, laboratory and 

demographic characteristics of the participants.

Measurements of arterial properties
The following means were obtained: PWV, 8.7 ± 1.5 m/s; 

carotid artery diameter, 6,707.9 ± 861.6 μm; carotid IMT, 
601±131 μm; and relative distensibility of the carotid artery, 
5.3 ± 2.1%.

Correlation with demographic parameters
No significant difference in the vascular parameters was 

observed regarding sex and ethnicity.

Correlation with age
Age had a significant and positive correlation with 

PWV (r = 0.50; p ≤ 0.01), diameter (r = 0.18; p ≤ 0.01) 
and carotid artery IMT (r = 0.28; p ≤ 0.01), and negative 
correlation with relative distensibility of the carotid artery 
(r = -0.33; p ≤ 0.01).

Table 3 shows the distribution of PWV values, carotid 
artery diameter, IMT and relative distensibility according to 
different age group. A progressive increase in PWV, carotid 
artery diameter and IMT, in addition to a decrease in the 
relative distensibility of the carotid artery according to 
category were observed.

Correlation with anthropometric variables
The relative distensibility of the carotid artery had a significant 

and negative correlation with BMI (r = -0.21; p = 0.03), while the 
carotid artery diameter had a significant and positive correlation 
with BMI (r = 0.22; p = 0.002). The PWV showed no correlation 
with the anthropometric parameters in that population.

Correlation with blood pressure and heart rate
The PWV had a significant and positive correlation with 

SBP (r = 0.24; p ≤ 0.01), DBP (r = 0.26; p ≤ 0.01) and PP 
(r = 0.17; p = 0.01), while the carotid artery diameter had a 
significant and positive correlation with SBP (r = 0.17; p = 0.01) 
and DBP (r = 0.2; p = 0.004). The relative distensibility of 
the carotid artery had a significant and inverse correlation 
with SBP (r = -0.19; p = 0.01), DBP (r = -0.32; p ≤ 0.01) 
and HR (r = -0.18; p = 0.01). The carotid artery IMT had 
a significant and positive correlation with SBP (r = 0.15; 
p = 0.03), PP (r = 0.18; p = 0.01) and HR (r = 0.16; p = 0.03).

The individuals were classified according to the VI 
Brazilian Guidelines on Hypertension14 aiming at categorizing 
the values of aortic PWV, carotid artery IMT, diameter, 
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Table 3 – Distribution of pulse wave velocity (PWV), and carotid artery diameter, intima-media thickness (IMT) and relative distensibility 
according to age group in apparently healthy individuals

Age (years) n PWV (m/s) Carotid artery diameter (µm) Carotid artery IMT (µm) Relative distensibility of the carotid artery (%)

≤ 30 34 7.60 ± 1.04 6268 ± 974 514 ± 119 7.53 ± 2.96

31-40 40 8.27 ± 1.28 6529 ±782 577 ± 147 5.91 ± 2.09

41-50 65 8.80 ± 1.82 6741 ± 948 608 ± 112 5.13 ± 1.72

51-60 35 9.22 ± 1.37 6903 ± 690 610 ± 78 4.16 ± 1.01

≥ 61 29 9.76 ± 1.66 6795 ± 682 718 ± 120 4.13 ± 0.75

and relative distensibility according to BP categories not 
yet considered as arterial hypertension (Table 4). By using 
ANOVA, both PWV and carotid artery diameter showed an 
increase per BP range, while carotid artery distensibility was 
smaller in the borderline BP range.

Correlation of vascular parameters with laboratory 
variables

The PWV correlated with cholesterol (r = 0.21; p < 0.01), 
triglycerides (r = 0.26; p < 0.01), LDL-cholesterol (r = 0.15; 
p = 0.04), HDL-cholesterol (r = 0.14; p = 0.04) and glycemia 
(r = 0.19; p < 0.01). The carotid artery diameter correlated 
with triglycerides (r = 0.25; p < 0.01), hematocrit (r = 0.26; 
p < 0.01), hemoglobin (r = 0.26; p < 0.01), glycemia (r = 0.21; 
p = 0.03) and creatinine (r = 0.40; p < 0.01). The relative 
distensibility of the carotid artery correlated with cholesterol 
(r = -0.27; p < 0.01), LDL-cholesterol (r = -0.18; p = 0.01), 
triglycerides (r = -0.33; p < 0.01) and glycemia (r = -0.21; 
p < 0.01). The carotid artery IMT correlated with cholesterol 
(r = 0.18; p = 0.01) and triglycerides (r = 0.16; p = 0.03).

Determinant factors of vascular parameters
On multiple linear logistic regression, the independent 

determinant factors of the vascular parameters, with their 
respective r values and significance level of the model, were 
as follows: (1) age and triglycerides for PWV (r = 0.52; 
p < 0.01) and relative distensibility of the carotid artery 
(r = 0.65; p < 0.01); age for IMT (r = 0.42; p ≤ 0.01) and 
diameter (r = 0.42; p < 0.01); (2) SBP and DBP (r = 0.65; 
p < 0.01) for distensibility of the carotid artery; (3) creatinine 
(r = 0.42; p < 0.01) for carotid artery diameter (Table 5).

Correlation between the vascular parameters of the 
population studied

The results of the multiple linear logistic regression, with 
the respective r values and significance levels, were as follows: 
PWV (r = 0.41; p < 0.01) correlated with carotid artery IMT 
and distensibility; carotid artery diameter (r = 0.26; p < 0.01) 
correlated with distensibility (Table 5).

Discussion
This study showed the distribution of the values of the 

arterial parameters obtained through non-invasive methods 
in healthy individuals. Regarding the methodology to assess 
carotid artery properties, this is the first study carried out in 
Brazil in a healthy population, because ours is the only Brazilian 
institution to use that methodology already validated in other 
countries. In addition, the major clinical, anthropometric and 
laboratory variables correlated with the parameters obtained 
by using that methodology could be determined, as well 
as the relationships between the arterial parameters. It is 
worth noting that the participants had no clinical evidence 
of cardiovascular disease and used no medicaments; thus, 
reference values could be established, especially for the 
carotid artery assessment by use of radiofrequency. Regarding 
carotid artery parameters, our data comprise a database for 
the international registry of carotid artery IMT values16.

The mean value of carotid-femoral PWV of the 
210 individuals with no manifest clinical disease, whose mean 
age was 44 years, was 8.7 m/s, lower than that obtained in 
normal populations of other countries matched for the mean 
age15. Ethnical differences might explain the discrepancies, 
because the Brazilian population is highly mixed ethnically. 

Table 4 – Distribution of the values of the functional and structural parameters of large arteries according to blood pressure (BP) classification

BP classification n PWV (m/s) CA diameter (µm) Relative distensibility of the CA (%) CA IMT (µm)

Optimal: < 120 x 80 mm Hg 92 8.39 ± 1.62* 6541 ± 769* 5.94 ± 2.52# 586 ± 143

Normal: 120/130 x 80/85 mm Hg 42 8.83 ± 1.67 6629 ± 895 5.35±2.60 614 ± 147

Borderline: 130/140 x 85/90 mm Hg 68 9.03 ± 1.60 6968 ± 900 5.02 ± 2.46 612 ± 144

* p < 0.05, optimal vs. borderline. CA: carotid artery; PWV: pulse wave velocity; IMT: intima-media thickness.
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Table 5 – Correlation between the vascular parameters and their determinants

β t p value 

PWV

Age 0.54 7.10 < 0.01

Triglycerides 0.15 2.35 0.02

IMT 0.27 4.15 < 0.01

Distensibility -0.26 -3.89 < 0.01

IMT

Age 0.42 6.65 < 0.01

Distensibility

Age -0.55 -9.22 < 0.01

SBP 0.23 3.1 0.02

DBP -0.27 -3.53 0.01

Triglycerides -0.136 -2.26 0.03

Diameter

Age 0.19 2.33 0.02

Creatinine 0.2 2.18 0.03

Distensibility -0.25 -3.44 0.03

PWV: pulse wave velocity; IMT: intima-media thickness; SBP: systolic blood pressure; DBP: diastolic blood pressure.

In Brazil, a study carried out in the city of Vitória, Espírito 
Santo state, as part of the MONICA study27, has shown 
PWV values associated with ethnicity, being higher among 
Afro-descendants. Our population showed no difference 
between white and non-white individuals, probably due to the 
lack of individuals with associated pathologies, such as found 
in the MONICA study27 population. Afro-descendants more 
often have arterial hypertension, and, in our study, patients 
with that clinical condition were not assessed; this might 
justify the lack of ethnical difference in our data. The mean 
PWV in the population of the study from the city of Vitória 
was 9.2 m/s, while in ours it was 8.7 m/s.

The normal values obtained in our study can serve as 
reference for the implementation of PWV as an important 
tool to detect subclinical or pre-symptomatic lesions of 
target-organs in the routine assessment of patients. Only 
recently, a study involving 13 European centers and including 
data from 1,455 healthy individuals has established normal 
and reference values for PWV15. Most studies showing PWV 
as an important marker of cardiovascular risk in different 
populations, as well as the European study establishing 
normal and reference values for PWV, have used the same 
methodology applied in our study.

The functional and structural parameters of large arteries 
for normal and reference values can be represented 
in different ways. From the practical viewpoint, the 
pathophysiological findings that affect those parameters 
should be considered. Arterial stiffness increases with 
age and BP, which are the major determinants of PWV 
and carotid artery IMT, as shown in several studies and 
in ours. The normal values in our study were stratified 

by age decades and BP category, not including arterial 
hypertension. Based on the results of each age group and 
BP category, individuals at higher risk can be identified and 
placed in their respective normality range.

Although already acknowledged in several populations, the 
association between aging and the vascular properties assessed 
in this study is important to define the impact of aging on those 
properties in the Brazilian population. For example, in our 
population, the PWV values showed a 1.3-fold increase from 
the third to the sixth decade of life; in the European study15, 
those values showed a 1.75-fold increase.

Blood pressure is another factor that plays a determinant 
role in the pathophysiology of the changes in vascular 
properties. This study did not assess any hypertensive 
patient, but categorized its participants based on their BP 
levels into optimal, normal and borderline, according to 
the recommendations of the VI Brazilian Guidelines on 
Hypertension14. It evidenced that individuals with borderline 
BP levels (between 130/85 mmHg and 140/90 mm Hg) 
had carotid-femoral PWV values significantly higher than 
those with optimal levels (< 120/80 mmHg). Similarly, 
individuals with borderline BP levels showed lower carotid 
artery distensibility than those with optimal BP levels. In the 
European reference study, the authors have also assessed 
patients with untreated arterial hypertension and have 
observed a progressive increase in PWV according to BP 
classification, and that increase was significantly higher in 
patients with stage II and III hypertension than in those of 
the other strata. Because of the large number of individuals 
assessed, they could be divided into age groups and BP 
categories, in a combined way. Thus, a 1.5-fold increase in 
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PWV could be observed in younger individuals with optimal 
BP levels and in the hypertensive elderly. Because of the 
smaller number of individuals in our study, that analysis could 
not be performed, but the same type of correlation might 
exist. Although the relationship between BP and PWV has 
been well known for almost one century, both our results 
and those of the European study suggest that the increase in 
PWV with BP is not merely attributable to the BP increase 
with age, but that the age effect is incremented by higher BP. 

The lipid profile, especially triglyceride levels, has been 
related to both functional and structural parameters of 
large arteries. The role played by lipids in the properties 
of large arteries is still controversial. Based on our previous 
experience with patients with familial hypercholesterolemia, 
triglyceride levels were important determinants for both PWV 
and carotid artery distensibility17,28.

Another important and unpublished finding of our study 
relates to the associations of the parameters obtained with 
the two methodologies for arterial assessment. The PWV 
measure was directly related to carotid artery IMT, showing a 
close correlation between a functional systemic change and 
a more localized structural change. In addition, an inverse 
and significant correlation was observed between carotid-
femoral PWV and the relative distensibility of the carotid 
artery. That association of PWV and IMT had already been 
reported in a study with 564 individuals29, half of whom were 
hypertensive, but, after correcting for other risk factors, that 
association disappeared, persisting only that between PWV 
and the presence of atherosclerotic plaques. In our study, the 
association remained significant even after correction for the 
major cardiovascular risk factors, and the presence of plaques 
was not assessed. In another study including 2,000 Finnish 
individuals30, using different methodologies to assess PWV and 
IMT, the former was not significantly correlated with the second 
in the general population, only in older individuals. However, 
similarly to our study, PWV was inversely related to carotid artery 
distensibility, emphasizing the importance of the relationship 
between aortic stiffness and carotid functional properties.  
These data are important to show that two methods assessing 
similar functional properties, but in different ways, show 
equivalent results in a healthy population.

Study limitations
Comparing to other population studies, ours had a smaller 

number of individuals, which limited the establishment of 
criteria of normality. Part of those individuals did not undergo 
complete clinical and laboratory assessment, being excluded 
from the analysis. However, because most individuals 

underwent complete clinical and laboratory assessment for 
cardiovascular disease, that became a well-selected population 
with no evidence of associated disease; thus, the data originated 
from that population can be used as reference for comparison 
with populations with different pathologies.

Conclusion
In individuals without clinically manifest cardiovascular 

disease, aorta stiffness measured by using PWV increases 
with age, while the local functional parameters of the 
carotid artery are independently related to age and DBP.  
In that same population, the functional and structural 
vascular parameters are also associated, so that the carotid 
artery structure assessed by using IMT is directly related to 
aortic stiffness, while the latter is inversely related to the 
carotid artery functional property.

Those findings help to understand the factors related to 
the functional and structural measures of large vessels and 
how they correlate in the absence of manifest cardiovascular 
disease. Establishing those relationships is important for the 
clinical application of the methodology to assess vascular 
parameters in the presence of clinical diseases, contributing 
to use the method in our population.
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