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Abstract

Aim: Mexico is currently ranked first in childhood obesity. Measurement of carotid intima-media thickness (cIMT) is an 
important diagnostic method to identify patients at risk of or already having frank atherosclerosis. The aim of this study was 
to determine if there was a correlation between cIMT and anthropometric and clinical variables in pediatric patients with 
obesity. Methods: Anthropometric and clinical variables were collected from 28 pediatric patients with obesity between 10 
and 18  years old who underwent measurement of cIMT. cIMT was measured using a Doppler ultrasound with a 7 MHz 
transducer. All measurements were made with the same Philips HD (Mode B) ultrasound by the same pediatric cardiologist. 
Statistical analysis was performed using the Spearman correlation coefficient and linear regression. Results: There was a 
significant correlation between the cIMT and both body mass index (BMI) and triceps skinfold thickness, but not with leptin, 
fasting glucose, or cholesterol levels. cIMT was ≥ 0.40 mm in 24  (85%) patients. Pre-hypertension was found in 16  (57%) 
and hypertension in 4  (14%). Cholesterol levels > 200  mg/dL were found in 6  (21%). cIMT was positively correlated with 
weight (rs = 0.412, p = 0.030), BMI (coefficient rs of 0.452 and p = 0.016), and triceps skinfold (coefficient rs of 0.396 and 
p= 0.037). Conclusions: Anthropometric measurements, including BMI and triceps skinfold thickness, should be used in the 
evaluation of the cardiovascular risk of the pediatric population with obesity.
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initials in Spanish), the prevalence of obesity among 
children in Mexico aged 5-11 was 33.2%. Among girls, 
20.6% were overweight and 12.2% were obese. Among 
boys, 15.4% were overweight and 18.6% were obese. 
The incidence, particularly of obesity, is slightly higher 
in males than that in females4.

Coronary heart disease was initially considered to 
occur exclusively in adulthood. However, evidence of 
early vascular changes associated with it has been 
found in obese children, including increased right atrial 

Introduction

Obesity is a significant public health problem world-
wide. Its incidence has increased exponentially along 
with many of the complications associated with it, in-
cluding diabetes mellitus, arterial hypertension, and 
dyslipidemias1. Recent statistics show that Mexico ranks 
second in the prevalence of worldwide obesity in adults 
and first in childhood obesity2,3. According to a national 
survey on health and nutrition in 2016 (ENSANUT, 
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diameter, arterial stiffness, and thickening of the carotid 
artery intima and media5,6. Measurement of the thick-
ness of these layers of the carotid arterial wall is per-
formed with a B-mode ultrasound. As the term carotid 
intima-media thickness (cIMT) implies, this measure 
takes into account the thickness of the tunica intima and 
tunica media of the artery. Pathological thickening may 
indicate hypertrophy of the smooth muscle of the artery 
(tunica media) or accumulation of lipid products in the 
subintima area. It is not possible to identify precisely 
which of these areas is thickened in any particular case. 
Early changes occur predominantly in the tunica media 
and later in the intima. Either way, an increased cIMT 
reflects increased cardiovascular risk7-9.

Coronary angiography is the gold standard for the 
diagnosis of coronary heart disease but is an expensive 
and invasive procedure. A strong correlation has been 
demonstrated between coronary and carotid athero-
sclerosis, which explains why cIMT is a good predictor 
of coronary heart disease10. Ultrasound measurement 
of cIMT is widely performed, as it is economical, widely 
available, and noninvasive, although it requires trained 
personnel to perform it. The average cIMT in both sex-
es at the age of 6 is 0.37, and by the age of 18, it in-
creases to 0.39 in women and 0.41 in men11.

There is a growing interest in the use of cIMT to 
identify early evidence of atherosclerosis, and there-
fore, to make an early assessment of the risk of car-
diovascular disease in children. Studies in children with 
obesity have yielded findings similar to those in adults. 
This study of obese children aimed to evaluate the an-
thropometric and clinical parameters that might cor-
relate with an increased cIMT.

Patients and methods

This was an observational, cross-sectional study 
conducted from July to October 2014. It was approved 
by the Ethics Committee of the Escuela de Medicina y 
Ciencias de la Salud del Tecnológico de Monterrey.

Patients were recruited from those seen at the obesity 
clinic in the Centro de Atención Médica Santos y De La 
Garza Evia, in the city of Santa Catarina, Nuevo León. 
Inclusion criteria were ages 10-18 and the diagnosis of 
obesity made by a physician based on a body mass 
index (BMI) above the > 95th percentile for age and sex, 
according to the Centers for Disease Control and Pre-
vention (CDC) guidelines. Children meeting the criteria 
were invited to participate in the study protocol. Parents 
signed a consent form, and the minors were asked to 
sign an assent form. Exclusion criteria included a history 

of diabetes, hypothyroidism, Cushing’s syndrome, or 
other endocrinological diseases, as well as the use of 
antihypertensive or hypoglycemic medications or ste-
roids. Participants were suspended from the study if any 
of the exclusion criteria were detected after entry or if 
the parents or patients decided not to continue.

Anthropometric variables included the following. 
Height was measured in meters using a retractable tape 
measure. Patients were measured standing upright and 
facing forward without shoes. Weight was measured in 
kilograms using a Tanita BC 689 scale. Obesity was 
defined as a BMI ≥ 95th percentile for age according to 
the CDC guidelines. BMI was calculated as weight in 
kilograms divided by the square of height in meters. The 
triceps skinfold was measured with a Seca plicometer. 
The adipose tissue was palpated with the examiner’s 
left thumb and forefinger, excluding the muscle and was 
measured with the plicometer in the right hand. Results 
were classified according to percentiles proposed by a 
committee of the World Health Organization12.

Arterial blood pressure was measured according to 
the guidelines of the American Academy of Pediatrics 
(AAP) (child sitting quietly for 5 min, and seated with 
his or her back supported, feet on the floor and right 
arm supported, cubital fossa at heart level) by aus-
cultation with a wall-mounted sphygmomanometer 
using a pediatric cuff and a pediatric stethoscope. 
The pressure was classified as normal if below the 
90th  percentile, pre-hypertension if between the 
90th  and 95th  percentiles, and hypertension if above 
the 95th percentile13.

cIMT was measured using a Doppler ultrasound with 
a 7 MHz transducer. cIMT was measured in both the right 
and left carotid arteries, and the mean of the two mea-
surements was recorded. All measurements were made 
with the same Philips HD (Mode B) ultrasound by the 
same pediatric cardiologist. It should be mentioned that 
the cardiologist who made the measurements was not 
blinded. Values were reported in mm, with a thickness of 
≤ 0.39  mm considered normal and those > 0.39  mm 
abnormal, having 0.40 mm as the cutoff value7 (Fig. 1).

Biochemical tests included leptin, glucose, and cho-
lesterol levels. Plasma leptin was measured using an 
enzyme-linked immunosorbent assay (ELISA) kit (An-
ti-Leptin RD systems, Cat No. DLP00), standardized 
with inner control and cohort values established by the 
manufacturer. The mean value of three tests was re-
corded. Normal levels were 4.73 ± 0.69 ng/mL14. Serum 
glucose was measured by enzymatic assay, and values 
between 60 and 100  mg/dL were considered normal 
according to the AAP15. Cholesterol was measured 
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Figure 1. Carotid intima-media thickness (cIMT) 
measured using Doppler ultrasound with a 7 MHz 
transducer. cIMT was measured in both the right and 
left carotid arteries, and the mean of the two 
measurements was recorded. All measurements were 
made with the same Philips HD (Mode B) ultrasound.

Table 1. Anthropometric and clinical variables of children 
with obesity

Variables n = 28

Age, years 11 (1)

Gender, M:F 17:11

Height, m 1.52 ± 0.09

Weight, kg 59.9 (19.7)

BMI, kg/m2 27.75 (5.7)

BMI, percentiles 97 (2)

Body fat, % 37.6 (6.2)

Waist circumference, cm 91.5 (11.5)

Waist‑to‑height ratio 0.60 ± 0.06

Triceps skinfold, cm 27.5 (12)

cIMT, mm 0.43 (0.05)

Systolic blood pressure, mm Hg 110 (20)

Diastolic blood pressure, mm Hg 68.6 ± 11.3

Systolic blood pressure percentile 50 (40)

Diastolic blood pressure percentile 50 (40)

Triglycerides, mg/dL 128 (73)

Glucose, mg/dL 86 ± 9.2

Total cholesterol, mg/dL 174.04 ± 40.6

HDL, mg/dL 43.88 ± 10.1

LDL, mg/dL 102.5 ± 36.7

Leptin, ng/dL 15.8 ± 0.6

BMI: body mass index; cIMT: carotid intima‑media thickness; HDL; high‑density 
lipoprotein; LDL: low‑density lipoprotein. Data are expressed as a mean ± standard 
deviation or median (interquartile range).

using serum enzymatic assay, and values of total cho-
lesterol < 170  mg/dL were considered normal, values 
of 170-199 mg/dL borderline and values ≥ 200 mg/dL 
elevated according to the AAP guidelines16. Laboratory 
analysis was performed in the Cardiology Department 
of the Centro Médico Zambrano Hellion and in the Lab-
oratory of Biotechnology of the Instituto Tecnológico y 
de Estudios Superiores de Monterrey.

Data were recorded in an Excel 2010 database and 
analyzed with IBM SPSS Statistics 21. Traditional de-
scriptive statistics (central tendency, dispersion, and 
position) were reported for quantitative values, and fre-
quencies were used for qualitative values. Correlations 
and associations were made using the Spearman test.

Results

A total of 28 patients were recruited, 17 boys and 11 
girls (Table  1). cIMT was ≥ 0.40  mm in 24  (85%) pa-
tients. Pre-hypertension was found in 16  (57%), and 
hypertension in 4 (14%). Cholesterol levels > 200 mg/dL 
were found in 6 (21%).

Spearman rank correlation analysis was performed 
comparing cIMT with each variable (Table 2). cIMT was 
positively correlated with weight (rs = 0.412, p = 0.030), 
BMI (coefficient rs of 0.452 and p = 0.016), and triceps 
skinfold (coefficient rs of 0.396 and p = 0.037).

On linear regression, the dependent variable was cIMT, 
and the independent variables were BMI, waist-to-height 
ratio, triceps skinfold, and body fat percentage. The 
executed linear regression model was statistically signifi-
cant with a value of p = 0.027, accounting for 37% of the 
variance (R2 = 0.37). We observed in our model that the 

factors most predictive of cIMT were BMI and the triceps 
skinfold, with p values of 0.03 and 0.37, respectively.

Discussion

We investigated a possible correlation between cIMT 
and anthropometric and clinical variables in children 
with obesity. The median cIMT in our sample, 0.42 mm, 
was similar to values previously described in the litera-
ture5,6. As we only studied patients with obesity, we 
expected that most would have a cIMT ≥ 0.4 mm, and 
found this indeed to be true in 24 (85%) of our patients. 
This is of paramount clinical importance since cIMT is 
an early marker of cardiovascular disease6-8. Given that 
the thickening of the arterial wall can be identified during 
the initial phases of atherosclerosis before the arterial 
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lumen becomes markedly compromised, the evaluation 
of cIMT by ultrasound represents a suitable measure 
that depicts a direct incidence of atherosclerosis in all 
its clinical forms17, even from the subclinical stages18. 
After our study, the patients with abnormally high cIMT 
were followed by pediatric consultants and underwent 
echocardiography. In this pediatric sample, therefore, 
obesity was associated with a high risk of abnormal 
cIMT. There were also substantial numbers of patients 
with pre-hypertension, hypertension, and high choles-
terol levels. Furthermore, the association between 
hypertensive states (represented by a percentile > 90 
according to age, height, and gender) and its relation 
with an increased cIMT, as well as arterial stiffness in 
patients with cardiovascular risk factors such as obesity 
or metabolic syndrome, is supported by similar studies 
among the young19,20. However, such features are not 
universal criteria present among all pediatric popula-
tions with obesity. Thus, clinical assessment should 
focus on a wide range of physical parameters.

We found a significant relationship between the tri-
ceps skinfold and cIMT on both correlation and linear 
regression analyses. The study, therefore, suggests 
that the anthropometric parameters of BMI and plicom-
etry should be used to assess cardiovascular risk in 
school-aged children. Further study of these variables 
in even younger children is advisable. On the other 
hand, we found no correlation between cIMT and sys-
tolic and diastolic blood pressure, waist circumference, 
or waist-to-height ratio. The correlation between obesi-
ty and cIMT has been demonstrated previously by 
Gazolla et al.18,19 It is important that patients with obe-
sity have appropriate clinical and laboratory follow-up.

As we studied patients with obesity, we expected to find 
elevated serum leptin levels. The values in our sample 
were similar to those previously described in the literature, 
suggesting that our patients resembled those in other 
populations15. However, a significant relationship between 
leptin levels and cIMT could not be demonstrated in our 
sample, whereas Beauloye et al. found an inverse cor-
relation between cIMT and adiponectin levels20.

The study did not demonstrate any correlation between 
cIMT and leptin or the other laboratory parameters we 
studied. Our findings suggest that evaluating anthropo-
metric variables, rather than biochemical data are import-
ant for detecting elevated cardiovascular risk in children.

The population we studied tends to certain eating 
habits that condition an altered metabolic behavior as 
seen in more extensive studies, resulting in a reason-
ably homogeneous population to parameterize the 
present study. While recognizing that the study is based 
on a small sample, with the reserves of the case, we 
present the mentioned conclusions.

Nevertheless, we can determine a paramount perspec-
tive of the metabolic behavior that encompasses this 
study, given that the evaluation of cIMT represents a reli-
able and noninvasive measure of subclinical atherosclero-
sis and an optimal indicator of cardiovascular risk21. More-
over, the results found correlate a positive and promising 
resolution aimed at further analysis toward a true index of 
clinical variables altered in pediatric patients with obesity 
and cardiovascular subclinical or clinical disease.

The strength of this study is expressed by showing 
increased cIMT values in the majority of the patients 
with obesity and also correlating this with outcome pa-
rameters such as an increased triceps skinfold. We can 
further discuss whether the population without in-
creased cIMT values account for a group with less 
metabolic risk factors or have less chronicity with the 
metabolic disease.

Table 2. Spearman correlation coefficients between 
anthropometric and clinical variables and cIMT in 
children with obesity

Variables Spearman correlation 
coefficient

p value

Age 0.162 0.412

Weight 0.412 0.030*

BMI 0.452 0.016*

BMI percentiles 0.174 0.375

Systolic blood pressure 
percentile

0.003 0.990

Diastolic blood pressure 
percentile

0.116 0.555

Waist 0.125 0.525

Waist‑to‑height ratio −0.152 0.439

Body fat percentage 0.072 0.716

Triceps skinfold 0.396 0.037*

Triglycerides −0.101 0.611

Glucose −0.322 0.094

HDL 0.275 0.157

LDL 0.03 0.881

Total cholesterol −0.021 0.912

Leptin 0.315 0.103

BMI: body mass index; cIMT: carotid intima‑media thickness; HDL: high‑density 
lipoprotein; LDL: low‑density lipoprotein. *Statistically significant values (p < 0.05).
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Conclusions

The anthropometric parameters: BMI, and plicometry 
should continue to be used in the evaluation of cardio-
vascular risk of the pediatric population with obesity.

Ethical standards

All blood samples from patients were obtained and 
managed according to the corresponding ethical stan-
dards. Every aspect of the doctor–patient assessment 
was managed with the corresponding ethical standards.

Keynotes:
–	cIMT is a good and early predictor of cardiovascu-

lar disease that explains a strong correlation be-
tween coronary and carotid atherosclerosis

–	Obesity is associated with a high risk of abnormal 
cIMT. The findings in our study, therefore, suggest 
that the anthropometric parameters of BMI and 
plicometry should be used to assess cardiovascu-
lar risk in school-aged children and reinforced with 
a cIMT evaluation by ultrasound

–	A substantial number of patients with abnormal 
cIMT might also present pre-hypertension, hyper-
tension, and high cholesterol levels.
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