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INTIMA-MEDIA THICKNESS OF THE
CAROTID ARTERIES IS AFFECTED BY PUBERTAL
MATURATION IN HEALTHY ADOLESCENTS
Espessura médio-intimal das artérias carótidas é
relacionada à maturação puberal em adolescentes saudáveis

Jovita Lane Soares Santos Zaninia , Tânia Maria Barreto Rodriguesb ,
Cristina Botelho Barraa , Maria Francisca Tereza Freire Filgueirasa, Ivani Novato Silvaa,*

ABSTRACT
Objective: To contribute to the assessment of normal parameters
of carotid intima-media thickness (CIMT) in healthy adolescents.
Methods: A cross-sectional study was conducted through
clinical, laboratory and ultrasound evaluation in 61 healthy
adolescents. The inclusion criteria consisted of being in good
health. The exclusion criteria were: presence or history of
any chronic disease; being obese or overweight according to
the World Health Organization (WHO) established criterion;
continuous use of medication; or presenting a febrile condition
or requiring medication within 48-hours prior to assessment.
The pubertal stages were evaluated using the Tanner criteria.
The high-resolution B-mode ultrasound examinations were
performed according to the recommendations of the Consensus
Statement from the American Society of Echocardiography
Carotid Intima-Media Thickness Task Force.
Results: Adolescents were 14±2.6 years old, 62.3% female, 19 (31%)
at early puberty (Tanner II and III), and 38 (62%) at late puberty
(Tanner IV and V). They presented normal clinical and laboratorial
parameters. CIMT values were 0.46±0.04 to 0.55±0.04 mm on
the right and 0.48±0.02 to 0.53±0.04 mm on the left, according
to pubertal maturation. CIMT values increased significantly on
the right and left sides, according to pubertal stage (p<0.001
and p=0.016), and maximum internal diameters of the common
carotid artery (p<0.025 and p<0.003). It was higher in males
compared to females.
Conclusions: An increase in CIMT in the healthy adolescents group,
according to both age, and the degree of pubertal maturation should
be considered when evaluating adolescents in diagnostic procedures.
Keywords: Ultrasonography; Risk factors; Carotid intima-media
thickness; Adolescents; Carotid arteries.

RESUMO
Objetivo: Contribuir para a avaliação dos parâmetros normais da
espessura médio-intimal carotídea (EMIC) em adolescentes saudáveis.
Métodos: Estudo transversal realizado por meio de avaliações clínicas,
laboratoriais e ultrassonográficas em 61 adolescentes saudáveis.
O critério de inclusão foi ter boa saúde. Os critérios de exclusão
foram: presença ou histórico de doença crônica; obesidade ou
sobrepeso segundo os parâmetros estabelecidos pela Organização
Mundial da Saúde (OMS); uso contínuo de medicação; e quadro febril
ou que necessitasse de uso de medicação nas 48 horas anteriores à
avaliação. Os estágios puberais foram avaliados pela escala de Tanner.
As ultrassonografias em modo B de alta resolução foram realizadas
seguindo as recomendações do Consensus Statement from the American
Society of Echocardiography Carotid Intima-Media Thickness Task Force
(Declaração de Consenso da Força Tarefa da Sociedade Americana de
Ecocardiografia sobre Espessura Médio-Intimal Carotídea).
Resultados: Os adolescentes tinham 14±2,6 anos, 62,3% eram do
sexo feminino, 19 (31%) estavam em estágios iniciais da puberdade
(2 e 3) e 38 (62%) em estágios avançados (4 e 5) de acordo com
a escala de Tanner. Todos apresentavam parâmetros clínicos e
laboratoriais normais. Os valores da EMIC variaram de 0,46±0,04
a 0,55±0,04 mm do lado direito e 0,48±0,02 a 0,53±0,04 mm do
lado esquerdo, conforme a maturação puberal. Houve aumento
significativo nos valores da EMIC em ambos os lados de acordo
com o estágio puberal (p<0,001 e p=0,016) e os diâmetros internos
máximos da artéria carótida comum (p<0,025 e p<0,003). A EMIC foi
maior em participantes do sexo masculino em relação ao feminino.
Conclusões: O aumento da EMIC em adolescentes saudáveis,
conforme a idade e o grau de maturação puberal, deve ser levado
em consideração nas avaliações diagnósticas.
Palavras-chave: Ultrassonografia; Fatores de risco; Espessura
íntima-média carotídea; Adolescentes; Artérias carótidas.
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INTRODUCTION

The anthropometric parameters assessed according to the
WHO criteria were measured using digital scales (G-Tech®) to
the nearest 0.1 kg for weight, and a wall-mounted stadiometer
to the nearest 0.1 cm for height. The body mass index (BMI) Z
scores were classified according to the WHO established criteria.
Pubertal staging for female breast development and for male
genitalia were evaluated using the Tanner criteria.17 To analyze
the pubertal stages, the participants were classified as prepubescent (Tanner 1), early puberty (Tanner 2 and 3), and late
puberty (Tanner 4 and 5).
Blood pressure was measured with the subjects in the
supine position, using a calibrated, age-specific sphygmomanometer (Tycos, Welch Allyn, New York, United States),
and analyzed following The Fourth Report on the Diagnosis,
Evaluation, and Treatment of High Blood Pressure in Children
and Adolescents, according to age and height.11
Following overnight fasting, blood samples were collected
between 8 and 9 a.m., at the HC-UFMG Laboratory, for the biochemical assessment. Serum glucose, total cholesterol and fractions,
and triglycerides were measured by colorimetric methods (Vitros®
5.1 FS Chemistry System, Buckinghamshire, United Kingdom).
The serum lipid concentrations were evaluated according to the
First Guidelines for Prevention of Atherosclerosis in Childhood
and Adolescence of the Brazilian Society of Cardiology (reference values — RV: total cholesterol — CT<170; low-density
lipoprotein — LDL-C<130; triglicerides — TG<130 mg/dL),18
and glucose levels were considered as per the recommendations
from the American Diabetes Association (RV<100 mg/dL).19
After the clinical and biochemical evaluations, 19 subjects
were excluded, and a final sample was composed of 61 adolescents.
High-resolution B-mode ultrasonography was performed by
a single, trained examiner, a specialist in radiology and diagnostic imaging, to evaluate the measurements of the intima-media
thickness (IMT) of the carotid arteries, based on the recommendations of the Consensus Statement from the American
Society of Echocardiography Carotid Intima-Media Thickness
Task Force.2 The examinations were carried out using a Philips
device, model HD11XE, equipped with a linear, high-resolution, multi-frequency transducer set to 12 MHz. Photographic
documentation of the B-mode was done using the image acquisition program Image Explorer 3.1 for Windows. After resting for 10 minutes, the patients were evaluated in the supine
position with the neck slightly extended and inclined to 45º.
Longitudinal and transverse sections of the right and left common carotid arteries (CCA), bulbs, and internal and external
carotid arteries were obtained for combined ultrasound evaluations using B-mode.
The analysis was carried out focusing on the identification of
the intima-media layer and finding of focal atherosclerotic plaques.

The carotid intima-media thickness (CIMT) has become a
standard surrogate marker of early vascular changes, and has
been widely used in adults.1,2 In pediatric cohorts, it has been
also associated with cardiovascular risk factors, such as a family history of hypercholesterolemia, obesity, hypertension,
and diabetes.3-7
Evidence for incipient atherosclerosis was found at very
early ages suggesting that the pathophysiological basis of this
disease begins in childhood, and that cardiovascular disease
(CVD) could be prevented in some situations.8,9
Besides the adoption of a healthy lifestyle, considered
essential to reduce the impact of CVD on global morbidity
and mortality, other strategies could be developed to modify
the vascular profile after the identification of early cardiometabolic markers in clinical practice.10
It has been proposed that the measurement of CIMT should
be introduced as a tool for detection and monitoring of target-organ damage in children with cardiovascular risk factors.11,12
However, like other measurements of biological variables,
a clear definition between physiological and pathological conditions in the pediatric population is needed. There are few
reports in the literature focusing on the distribution and determinants of CIMT in healthy adolescents and doubts remain
on the factors that influence carotid thickening.13-15
The present study aims to contribute to the assessment of
normal parameters of the CIMT in healthy adolescents, using
high-resolution ultrasound (US).

METHOD
This cross-sectional study was approved by the Institutional
Review Board (ETIC 302/08) of the Universidade Federal de
Minas Gerais, Belo Horizonte, Brazil, and the consent of the
institutions involved was obtained. To be included, all adolescents and legal guardians signed a written Informed Consent
Form after receiving information concerning the study.
Healthy adolescents from both genders (10–20 years) were
randomly recruited among students of a public school located
in the central area of the city. The inclusion criteria consisted
of being in good health. A cohort of 80 adolescents was evaluated by the same pediatric endocrinologist at the University
Hospital (HC-UFMG). A complete physical examination was
conducted. The exclusion criteria were: presence or history of
any chronic disease; being obese or overweight according to
the World Health Organization (WHO) established criterion
(body mass index for age and gender above the 85th percentile);16
continuous use of medication; or presenting a febrile condition
or requiring medication within 48-hours prior to assessment.
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The examiner measured the maximum internal diameters and the
CIMT of the common carotid arteries. Themeasurements were
manually performed on the posterior wall, the farthest from the
transducer using the device calibrator. Three measurements of
IMT of the right and left common carotid arteries were obtained
in the 15-mm stretch below the bulb region, free from focal
plaques, in which the double-line pattern of IMT can be clearly
observed, to enable the analysis of the mean values of each artery.
Descriptive statistics were performed, and data are presented
as measurements of central tendency and dispersion (median
and mean±standard deviation) for continuous variables, and as
proportions for categorical and quantitative variables. Normal
distribution of the variables was tested using the Shapiro-Wilk
test for normality and Levene test for homoscedasticity (homogeneity among the variances).
Comparisons between the response variables and binary covariates were made using the Student’s t test. Comparisons of variables with more than two categories were made by means of the
F test (ANOVA). The Pearson correlation coefficients (r) between
the response variables and quantitative covariates were calculated.
Linear regression models were developed for the multivariate
analysis. In the first step, all covariates with p≤0.25 in the univariate analysis were included: age, gender, Tanner stage, height,
weight, BMI, and CCA diameter. The response variables were
right and left carotid IMT. Next, the variables were removed in a
stepwise process to the point that only the variables with statistical
(p≤0.05) and clinical significance were included in the final model.
The residue analysis was performed to verify adjustment adequacy.
At the beginning of the study, the inter-observer variability
was evaluated by comparing the results of five randomly selected
patients, who were examined by another experienced sonographer,
blinded to the characteristics of the adolescent sample, to test reliability of CIMT evaluations. A high correlation index (intra-class
correlation coefficient — ICC) between the researcher and the
experienced sonographer was observed in the ultrasound evaluation (ICC=0.98 for right mean IMT and 0.95 for left mean IMT).
The statistical packages R 2.7.1 and Epi Info 6.04 were
used for analysis. Rejection of the null hypothesis was set at
5% (p<0.05).

There were no smokers among the adolescents, and eight
(13.1%) reported social consumption of alcohol. The blood
pressure, blood glucose and lipid levels were within the normal
ranges for their ages. The clinical and laboratory characteristics
of the adolescents are shown in Table 1.
CIMT measurements and CCA maximum internal diameter
of the 61 healthy adolescents are shown on Table 2. An increase
in the diameter of CCA was associated with greater CIMT on
both sides (right side: r=0.400, p<0.003; left side: r=0.305,
p<0.025). A gender difference in CIMT measurements was
observed, with significantly higher values in males (p<0.004),
bilaterally (Table 2).
CIMT measurements were positively associated with the
progression of pubertal maturation in both genders (Figure 1),
and on both sides: r=0.561 for females and r=0.719 for males
(p<0.001) on the right side, and r=0.541 for females and
r=0.695 for males (p<0.001) on the left side.
CIMT measurements were also positively associated with
pubertal Tanner stages. Adolescents presenting Tanner 5 showed
the highest values in comparison to the others stages and to
the prepuberal ones (Table 3).
Table 1 Clinical and laboratory characteristics of the
61 healthy adolescents from the study.
Characteristics

Mean

SD

Age (years)

14.3

2.6

Z score height/age

-0.01

1.0

Z score weight/age

-0.32

0.9

Z score BMI

-0.40

0.9

Male (n)

Female (n)

1

4

0

2

2

6

3

3

8

4

5

11

5

9

13

Mean

SD

Glucose

83.8

5.7

Triglycerides

72.0

26.8

Total cholesterol

148.5

19.1

HDL-cholesterol

49.6

8.4

LDL-cholesterol

84.7

17.8

VLDL-cholesterol

14.0

5.4

Systolic blood pressure (mmHg)

110.1

8.5

Diastolic blood pressure (mmHg)

72.2

7.2

Tanner stages

Biochemical tests (mg/mL)

RESULTS
Sixty-one healthy adolescents aged 14±2.6 years old (10.1–19.3)
made up the reference sample group. There were 23 (37.7%)
males and 38 (62.3%) females; 19 (31%) at early puberty
(Tanner II and III), 38 (62%) at late puberty (Tanner IV and
V), and 4 prepubertal. The degree of sexual maturity was similar in both genders (p=0.108), and the data from males and
females were analyzed together.

BMI: body mass index; HDL: high density lipoprotein; LDL: low density
lipoprotein; VLDL: lipoprotein; SD: standard deviation.

3
Rev PaulRev
Pediatr.
Paul Pediatr.
201X;XX(X):1-7

CIMT and pubertal maturation in healthy adolescents

DISCUSSION

When comparing CIMT measurements according to age, there
was positive association on both sides (r=0.619, p<0.001 on the
right, and r=0.445, p<0.001 on the left side), and the highest values
were observed among the oldest adolescents, as shown in Figure 2.
No significant association was found between CIMT and
anthropometric parameters (height/age, weight/age or BMI/
age Z scores) on either side.
For both sides, three regression models for the multivariate
analysis were developed. For the left side, the first model included
gender, Tanner stage, and weight; the second one included gender, Tanner stage, and BMI; and the third one, only the CCA
diameter. According to the regression analysis, gender and pubertal stage, besides age, BMI, and CCA diameter influenced the
CIMT values. For the right side, the first model included gender, and Tanner stage; the second one included age and weight;
and the third one, age and the CCA diameter. According to the
regression analysis, gender and pubertal stage, besides age, weight,
and CCA diameter influenced the CIMT values. A summary of
multivariate regression analysis is presented in Table 4.

We observed increase in CIMT according to age and progression of puberty. The diameter of the CCA was also significantly
associated with intima-media layer thickness in the present
study. This finding in healthy adolescents of both genders most
likely reflects normal physiological growth.
Table 3 Distribution of carotid intima-media thickness
according to Tanner stages in 61 healthy adolescents
(mean±standard deviation).
Tanner stages

Left

IMT (mm)

0.51±0.05

0.51±0.04

IMT female (mm)*

0.49±0.04

0.50±0.03

IMT male (mm)*

0.53±0.05

0.53±0.04

Diameter (mm)**

5.42±0.53

5.32±0.42

Left

M1 or G1*

0.46±0.04

0.48±0.02

M2 or G2

0.49±0.05

0.50±0.04

M3 or G3

0.48±0.03

0.50±0.04

M4 or G4

0.49±0.03

0.51±0.04

M5 or G5*

0.55±0.04

0.53±0.04

CIMT: carotid intima-media thickness; SD: standard deviation; *F test
(ANOVA): right side p<0.001; left side p=0.016.

Table 2 Intima-media thickness and maximum internal
diameter measurements (mean±standard deviation) of
the carotid artery in the 61 healthy adolescents from
the study.
Right

A

0.65

Rimtm

0.60
0.55
0.50
0.45

IMT: Intima-media thickness; SD: standard deviation; *p<0.004;
**
measurements at end of the diastole.

0.40

0.65

10 11 12 13 14 15 16 17 18 19
Age

B 0.625

0.60

0.600
0.575
Limtm

0.55
CIMT

CIMT
Right

0.50

0.550
0.525
0.500
0.475

0.45

0.450
0.40
1

2

3
TANNER

4

10 11 12 13 14 15 16 17 18 19
Age

5

Rimtm: right intima media thickness;
Limtm: left intima media thickness.

CIMT: carotid intima-media thickness; Tanner 1: prepubescent;
Tanner 2 and 3: early puberty; Tanner 4 and 5: late puberty.

Figure 2 Association between age and carotid intimamedia thickness in the 61 healthy adolescents from
the study.

Figure 1 Association between pubertal development and
carotid intima-media thickness (mm) in the 61 healthy
adolescents from the study.
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The evaluation of the CIMT and of the intraluminal diameter of the CCA in children aged 5 to 14 years old suggested that
progressive thickening of the intima-media layer could partly
reflect normal physiological growth.20 It was suggested that greater
CIMT would be a consequence of the increased diameter of the
artery and should be interpreted in relation to this diameter.21
Likewise, the increase in IMT observed in both CCA according to increasing age has been associated with normal somatic
growth and is related, mainly, to the physiological rise in blood
pressure.20 It was also observed that this finding would be more
significant during adolescence, suggesting a relation with pubertal development.13,22 Up to now, we found no reported data of a
healthy adolescent group that assessed IMT increment using a strict
protocol in relation to pubertal development. A continuous
and significant increase of IMT was reported in girls who were
at the beginning of their puberty, while in boys from the onset
of puberty IMT stagnation was observed. The increase of IMT
in those pubertal girls was associated with the increase in body
fat and could be related to the effect of estrogens. Tanner scores
were not obtained in the study, a limitation that was considered
by the authors.23 It was not taken into account the differences
existing between boys and girls in the pubertal development,
as girls present the early physical signs of puberty approximately
two years before boys. Our findings suggest there is a continuous

and significant increase of IMT in both, boys and girls, probably
related to the physiological rise in sex hormones, acting from the
onset of puberty.
In the largest published series, a cohort of children from 6 to
18 years old, it was suggested children might be assessed more accurately by height-normalized reference values.15 The body size differences during puberty are observed not only between boys and girls,
but also among individuals of the same gender, being fast or slow
maturers. Therefore, it seems CIMT should be assessed not only by
height-normalized values, but also by the Tanner stage of puberty.
There is little information in the literature regarding the distribution of CIMT in each gender. Higher values of CIMT in
male adolescents found in this study has already been reported.15,23
Differences in IMT of the carotid artery between the right
and left sides of the body are observed in adults, and reference
values were established for each side.24 Although higher values
of CIMT are found on the left side in adults, this difference has
not been observed in adolescents, who presented with similar
values in both, the right and left sides, in agreement with the
findings of the present study.
Pediatric markers of CVD risk are being reporting,25 and
numerous studies are consistent when stating that CIMT evaluation contributes to the early identification of adolescents who
are at higher cardiovascular risk. CIMT may be increased in

Table 4 Summary of multivariate regression analysis of carotid intima-media thickness and associated variables in
the 61 healthy adolescents from the study.
Right

Left

I

II

III

Gender (male)

0.05 (0.03–0.07)

-

-

0.04 (0.03–0.06) 0.04 (0.03–0.06)

I

II

III
-

Tanner stage

0.06 (0.02–0.10)

-

-

0.05 (0.01–0.09) 0.05 (0.01–0.10)

-

M2 or G2

0.05 (0.02–0.09)

-

-

0.04 (0.01–0.08) 0.05 (0.01–0.09)

-

M3 or G3

0.06 (0.03–0.10)

-

-

0.05 (0.02–0.09) 0.06 (0.02–0.10)

-

M4 or G4

0.11 (0.08–0.15)

-

-

0.08 (0.04–0.11) 0.08 (0.04–0.12)

-

M5 or G5

-

0.001
0.001
(0.0001–0.001) (0.0005–0.0011)

-

-

-

Age (months)

-

0.002
(0.001–0.003)

-

-

-

-

Weight (kg)

-

-

-

0.01
(0.005–0.02)

-

-

Z score weight
/age

-

-

-

-

0.01
(0.002–0.02)

-

Z score BMI

-

-

0.25 (0.07–0.43)

-

-

0.29 (0.04–0.53)

CCA diameter
(mm)
Data are expressed in OR (95% confidence interval); BMI: body mass index; -: not included; CCA: common carotid arteries.
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children with chronic diseases, suggesting early vascular damage with greater cardiovascular risk in the future.26 The hemodynamic damage is considered the first and most important
event that triggers the pathologic remodeling of the arterial
wall, causing IMT.27 Large observational longitudinal studies,
such as the Muscatine Study and the Bogalusa Heart Study,
demonstrated the presence of hypercholesterolemia and diabetes
during childhood, and adolescence is closely related to higher
values of CIMT and cardiovascular events in adult life.28,29
It was reported ideal cardiovascular health metrics was inversely
associated with CIMT, suggesting that ideal cardiovascular health
reflects vascular health at the population level.3 A drawback to
the wider use of CIMT measurements in adolescents has been
the lack of standardized CIMT values in this age group. There
are few reports in the literature focusing on the distribution and
determinants of CIMT in healthy children and adolescents.
Besides, a variety of criteria for normal children had been used
in the reports and, in most of them, the clinical and metabolic
characteristics of the patients were not fully described.
In a published series, 20% of the adolescents had the lipid
and glycemic profiles evaluated.13 In a cohort of subjects, 6 to
17 years old, to determine the CIMT percentile curves specific for age and gender, besides personal questionnaires for
evaluating whether subjects were free from illnesses, the blood
pressure was measured.23 For normative data based on 135
healthy children and adolescents, the authors performed cardiac evaluation, and defined low risk by exclusion of cardiovascular anomalies through interview, clinical examination,
and echocardiography.14
The environmental and behavioral changes observed in
recent years have been resulted in an increased incidence of
cardiometabolic risks such as obesity, and dyslipidemia in children and adolescent population, all over the world.30 It would
be desirable to exclude these conditions prior to establishing
reference values, a strength of the present study.
According to gender and age range, the CIMT values evaluated through B-mode in other report (CIMT=0.53±0.03 mm)23

were similar to those ones presented here, but lower values
were reported for adolescents in another studies (CIMT=0.38
to 0.41 mm).13-15 However, the direction of effect on CIMT
in the studies was the same in all cohorts.
The carotid ultrasound was well tolerated and easy to perform in the adolescents, and there is an excellent resolution of
the images in the pediatric population. These characteristics
and the standardization of the test technique with high reproducibility in obtaining the CIMT measurements point to a
good quality of data in this study.
To the best of our knowledge, this is the first study that analyzed CIMT according to the well-established Tanner criteria
for pubertal development. It is the largest sample reported in
which all healthy adolescents underwent an extensive clinical
and laboratory workup, and the first study that describes IMT
of the carotid arteries in Brazilian adolescents.
A major limitation of this study was the sample size, that is
not suitable for preparing reference curves. Nevertheless, it was
possible to detect significant associations between CIMT and
the variables studied, and the observed increase according to
puberty progression. The CIMT parameters presented here can
be useful to help establishing the role of this tool as a screening
test in adolescents to identify risk factors for CVD.
In conclusion, CIMT measurements increased according to
CCA diameter, age and progression of puberty in healthy adolescents. CIMT values are higher in male adolescents as compared to females. These findings should be considered when
adolescents are evaluated for diagnostic procedures.
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