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Abstract

Background: Childhood obesity is a global epidemic and its preva-
lence has increased from the early 1970s to the 1990s. The objec-
tive of the study was to compare the echocardiographic parameters 
of left ventricular (LV) geometry between obese and non-obese 
children. 

Methods: A prospective cross-sectional study with 71 individuals 
aged 7 - 11 years, from Ribeirao Preto metropolitan region, was 
conducted. Personal data (sex and date of birth) were obtained for 
each subject, as well as anthropometric measurements (weight, 
height and abdominal circumference), arterial pressure and an 
echocardiogram. The individuals were classified according to their 
nutritional status in “obese” and “non-obese” groups.

Results: There was no difference in gender (P = 0.81), with 48.6% 
boys in obese group and 52.9% in non-obese group. Similarly, there 
was no difference in age (P = 0.72), with a mean of 106.97 ± 19.59 
months in obese group and a mean of 105.50 ± 13.61 months in 
non-obese group. Systolic and diastolic pressure values were higher 
in obese group. The study showed LV mass, LV 3 index, systolic 
arterial pressure and diastolic arterial pressure when the two groups 
were compared. LV 1 index, LV 2 index and relative LV wall thick-
ness did not differ between groups.

Conclusion: The study contributes to demonstrate the importance 
of transthoracic echocardiography as a marker of cardiovascular 
risk in obese children and adolescents.

Keywords: Obesity; Child obesity; Echocardiography; Left ven-
tricular hypertrophy

Introduction

Childhood obesity is a global epidemic. Over the last de-
cades, its prevalence has increased from the early 1970s to 
the end of the 1990s [1]. In Brazil, according to the 2011 - 
2022 plan of strategic actions for coping with chronic diseas-
es of the Ministry of Health, the prevalence of excess weight 
among children aged 5 - 9 years has reached 33.5% and the 
prevalence of obesity has reached 14.3% [2]. Excess weight 
has been diagnosed in 20% of children and adolescents aged 
10 - 19 years, and obesity has been diagnosed in 9.9% with a 
4% rate among girls and 5.9% rate among boys [2].

Studies conducted in the 1990 decade already showed 
risk factors for cardiovascular diseases and evidence that 
atherosclerosis starts early among obese children and ado-
lescents [3]. A study published in the city of Belo Horizonte, 
Brazil, has demonstrated that overweight or obese students 
had a 3.6 times higher risk to develop high systolic arteri-
al pressure and a 2.7 higher risk to develop high diastolic 
arterial pressure compared to normal-weight students [4], 
with a combination of risk factors for the development of 
metabolic syndrome being identified. One of each five par-
ticipants (19.3%) presented four risk factors: elevated total 
cholesterol (> 200 mg/dL), body mass index (BMI) > 85th 
percentile, systolic arterial pressure > 90th percentile, and 
diastolic arterial pressure > 90th percentile. The participants 
were considered children and adolescents. The study also 
showed that students with low levels of physical activity or 
with a sedentary life style had higher arterial pressure levels 
and a lipid profile indicative of increased risk to develop ath-
erosclerosis.

Thus, in view of the fact that obesity may course with 
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cardiovascular changes such as concentric left ventricular 
(LV) hypertrophy in obese children with arterial hyperten-
sion and concentric remodeling in normotensive children, as 
well as the fact that hypertension and concentric LV hyper-
trophy are independent predictors of diastolic LV function, 
there is an evident need for early detection of these changes 
[5].

Dhuper et al [6] studied 213 children and adolescents 
with BMI > 95 and 130 normal-weight ones with BMI < 85 
and no structural disease, and investigated the association of 
obesity with hypertension by echocardiography. The authors 
detected a more prevalent geometric pattern of concentric 
LV remodeling in obese subjects, and a more prevalent pat-
tern of concentric hypertrophy in obese subjects with hyper-
tension. Obesity, hypertension and concentric hypertrophy 
were independent predictors of diastolic dysfunction. The 
authors pointed out that various changes in cardiac function 
and morphology can be seen early in life.

In view of the fact that echocardiography is an important 
diagnostic method for the assessment of changes in cardiac 
structure and function and the epidemic of childhood obe-
sity, the objective of the present study was to assess the pres-
ent or not of early changes in LV structure in obese children 
and adolescents.

 
Subjects and Methods

   
A cross-sectional study was conducted in 71 individuals 
from the population of Ribeirao Preto city and the metro-
politan region seen at basic health units and examined at the 
Faculty of Health Technology (FATESA/EURP) located in 
Ribeirao Preto, State of Sao Paulo, Brazil.

The health units of the city of Ribeirao Preto and its met-
ropolitan region were informed about the project by ample 
dissemination and the managers of the units were invited to 
refer volunteer children who fulfilled the following inclusion 
criteria: age between 7 years completed and 11 years uncom-
pleted and consent form signed by their parents or persons 
legally responsible. This age group was chosen to minimize 
the hormonal influence that exists in adolescence [7]. Exclu-
sion criteria were presence of diseases that might interfere 
with growth or anthropometry, presence of congenital and 
acquired heart diseases, medications that might influence the 
cardiovascular system, and BMI z-score ≤ 2. The partici-
pants in the study were evaluated by a semiologic approach 
and by an echocardiographic exam performed by a single 
examiner. Personal data (sex and date of birth) were obtained 
from each participant and anthropometric measurements 
(weight, height and abdominal circumference) were carried 
out; arterial pressure measure and echocardiogram were per-
formed once time. The anthropometric, arterial pressure and 
echocardiographic measurements were  obtained in a blind 
manner, i.e. the examiner did not know if she was a child do-

ing exams in the control group or the study group, since the 
anthropometric data were always evaluated after the comple-
tion of the examinations and after data collection and tabula-
tion, the children were stratified into two groups according 
to nutritional status, i.e., non-obese (BMI z-score between -2 
and +2) and obese (BMI z-score higher than +2 and abdomi-
nal circumference above the 90th percentile in the Freedman 
table [8]. A medical report was prepared and made available 
to the person legally responsible for the child. An initial sta-
tistical analysis was performed in order to determine whether 
the groups were homogeneous in age and sex distribution.

A calibrated Krato-Cas electronic scale, Portable Light 
Line model, Brazil (maximum load of 150 kg and preci-
sion of 50 g) was used to measure weight and a portable 
Kratos-Cas anodized aluminum anthropometer with a 2 m 
ruler and 1 mm divisions and a fixed marker was used to 
measure height. An inextensible metric tape with 0.1 cm pre-
cision was used to measure the waist circumference at the 
natural waistline, i.e., the midpoint between the anterosupe-
rior iliac crest and the last rib. Systolic arterial pressure was 
measured with a Tycos, an android device with a rubber bag 
whose dimensions followed the different arm circumference 
of children listed in the table of the VI Brazilian Directives 
of Arterial Pressure [9].

The parameters analyzed by the echocardiogram were 
LV mass and relative LV wall thickness. The LV mass indi-
ces were obtained with three types of evaluation (LV mass/
body surface, LV mass/height2 and LV mass/height2.7).

The values of all echocardiographic parameters were ob-
tained by calculating the mean of three consecutive cycles. 
LV mass was calculated using the M mode and the formula 
of Devereux [7], as recommended by the American Society 
of Echocardiography (ASE) [7, 10].

The LV mass indices were calculated in three different 
ways: for the LV 1 index, the LV mass was divided by the 
body surface (BSA) (expressed in meters)2 (g/m2) (formula 
of Haycock [11]); for the LV 2 index, the LV mass was di-
vided by height (expressed in meters)2.7 (g/m2.7), and for the 
LV 3 index, the LV mass was divided by height (expressed 
in meters)2 (g/m2). According to Lang et al [7], the use of 
left LV mass in children is hampered by the need to index 
the measurements in relation to the body size of the patient. 
Relative wall thickness (RWT) was calculated by multiply-
ing the thickness of the posterior LV wall by 2 and dividing 
it by the diastolic LV diameter, as recommended by ASE and 
by the European Society of Echocardiography [7]. The pos-
terior LV wall and the diastolic LV diameters were measured 
as described earlier.

The individuals were stratified as non-obese and obese 
on the basis of their anthropometric data and of the distribu-
tion of the echocardiographic parameters, as well as the ab-
dominal circumference and arterial pressure. The data were 
compared between groups by comparing the means and the 
P values were calculated by the unpaired t-test. Gender dis-
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tribution was tested by the Fisher exact test.
The study was approved by the Ethics Committee for 

Research on Human Beings of University of Ribeirao Preto 
(protocol no. 215.788) and the parents or persons legally re-
sponsible for the children gave written informed consent to 
participate.

 
Results

  
Table 1 presents the results of the variables studied. All indi-
viduals with a BMI z-score greater than +2 had an abdomi-
nal circumference above the 90th percentile of the Freed-
man table [8]. There was no difference in gender distribution 
between groups (P = 0.81), with 48.6% of males being ob-
served in the “obese” group and 52.9% in the “non-obese” 
group. Also, there was no difference in age (P = 0.72), with 
a mean of 106.97 ± 19.59 months in the “obese” children 
group and a mean of 105.50 ± 13.61 months in the “non-
obese” children group.

Systolic and diastolic pressure values were higher in the 
group of obese children. The study showed a significant dif-
ference for LV mass, LV 3 index, systolic arterial pressure 
and diastolic arterial pressure when the two groups were 
compared. LV 1 index, LV 2 index and relative LV wall 
thickness did not differ between groups.

Discussion
  
In this study significant differences in waist circumference, 
LV mass, LV 3 index, systolic blood pressure and diastolic 
blood pressure were found between the obese group and the 
group of non-obese children.

According to Daniels et al [12], LV hypertrophy was 
established as an independent for the development of car-
diovascular morbidity and mortality risk factor, and there-
fore understanding the determinants of LV mass in children 
and adolescents would be important. They comment that LV 
mass increases during childhood and adolescence to body 
growth but suggests that, among other factors, blood pres-
sure also affects the LV mass. Also, they refer that lean body 
mass also increases in childhood obesity and that the mecha-
nism of this increase associated with obesity is poorly un-
derstood, but should be responsible for some pathological 
effects of obesity, such as hypertension or LV hypertrophy. 
Further, they suggest that blood pressure is important in de-
termining LV mass and has the additional effect of obesity 
and conclude that longitudinal studies are needed to better 
understand these mechanisms.

In 1998 it was reported that the ability to measure LV 
mass by echocardiography played a relevant role regarding 
the pathogenesis of cardiovascular disease. This fact ac-
quired even greater importance according to the conclusions 
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of the Framingham Study, which indicated that an increase 
in LV mass represented a risk factor for cardiovascular mor-
bidity independently of conventional risk factors including 
obesity and hypertension [13].

A literature search using the keywords “left ventricle”, 
“left-ventricular hypertrophy”, “cardiac hypertrophy”, 
“obesity”, “hypertension” and “echocardiography” was 
performed and 22 studies including 5,486 obese individu-
als were considered and the prevalence of LV hypertrophy 
was 56% and data provided by 15 studies, with 4,999 obese 
individuals, and 6,623 non-obese controls showed that prob-
ability of having LV hypertrophy was much higher in obese 
individuals and among obese LV hypertrophy, eccentric hy-
pertrophy was more frequent that the concentric. The authors 
concluded that LV hypertrophy is present in a consistent 
fraction of the obese individuals and that eccentric hypertro-
phy prevails over the concentric. They related that obesity-
related LV hypertrophy results in LV dysfunction. Thus, the 
prevention and treatment of obesity may contribute to reduce 
morbidity, because the weight loss is associated with reduc-
tion of LV hypertrophy in obese individuals [14].

Kinik et al [15] investigated 30 obese children by a stan-
dard echocardiogram and by tissue Doppler and compared 
them to a control group. Blood glucose, lipid and insulin 
levels were determined in the obese children. Systolic and 
diastolic LV function was normal. The mass index (in which 
mass was indexed according to height2.7), the RWT and the 
final diastolic diameter of the LV were significantly greater 
in the obese children. The authors concluded that LV hyper-
trophy was present in obese children, as demonstrated by the 
increased LV mass, and that insulin, low density lipoprotein 
(LDL) and triglyceride levels were associated with LV hy-
pertrophy. Tissue Doppler of the right ventricle and of the 
interventricular septum revealed subclinical variations in 
diastolic function.

Other investigators consider obesity to be a risk factor 
for hypertension and LV hypertrophy, but the association 
between obesity, hypertension and LV hypertrophy has not 
been extensively studied in adolescents. According to these 
authors, obese adolescents have a significantly higher prev-
alence of hypertension and of LV hypertrophy and studies 
have suggested a direct negative effect of obesity on cardio-
vascular function starting before the age of adolescence [16].

Senatorova et al [17] investigated 141 adolescents, and 
114 of them obese and 27 overweight, using an echocardio-
gram with tissue Doppler in order to assess LV geometry and 
systolic and diastolic LV function. The authors established 
that, in adolescents, the process of cardiac remodeling starts 
with initial thickening of the interventricular septum and that 
obesity is associated with eccentric myocardial hypertrophy. 
Cardiac output increased significantly as the result of in-
creased final LV diastolic volume without causing significant 
variations in intracardiac kinetics, a fact that contributed to 
the preservation of ejection fraction within normal reference 

values.
Daniels et al [12] have proposed an allometric defini-

tion of excess mass (> 51 g/m2) and of hypertrophy pat-
terns (concentric, eccentric, and concentric remodeling) for 
a cohort of children under follow-up with essential arterial 
hypertension. In these children distribution of LV mass in-
stead of excessive hypertrophy was obtained, with a small 
but significant percentage of LV mass at pathological lev-
els and a significant percentage of a concentric hypertrophy 
pattern associated with increased mortality in adults. These 
findings were clinically significant, establishing the concept 
of the existence of a target organ of hypertension in children, 
so that the monitoring of LV mass would be important for the 
management of hypertension in childhood.

In the present study, the values detected for LV mass 
were significantly higher for obese children (79.49 ± 21.21, 
P < 0.01) than for non-obese children (56.74 ± 11.77). How-
ever, it should be kept in mind that this result may have a 
lower clinical meaning for obesity since it was not indexed 
according to height, i.e., it was not corrected as suggested 
above by Daniels et al [12].

The relations between LV mass and height or body sur-
face are not linear, but are regulated by allometric (growth) 
functions which are exponential [18]. Indexing permits to 
consider normal lean body mass growth in childhood. How-
ever, the pathological effects in overweight or obese indi-
viduals should not be overlooked, with the measurement of 
indexed LV mass at the beginning of childhood being di-
rectly comparable to a subsequent measurement during ado-
lescence and maturity [7].

Lang et al [7] refer to dividing LV mass by height (me-
ters) increased to a power of 2.7, in older children and ado-
lescents is generally used. Although, in younger children (8 
years old), the LV mass by height (meters) increased to a 
power of 2.0 appears to be the most appropriate.

In a study on 544 essential hypertensive, 173 men and 
371 women ages ringing from 13 to 84 years and 17 to 80 
years respectively, and 106 normotensive individuals, Rosa 
et al [19], using an M mode echocardiogram and LV mass 
indexed according to body surface (LV mass/body surface 
area) and to height squared (LV mass/height2), compared the 
two LV mass indices in the two populations stratified accord-
ing to BMI. However, indexing by body surface area did not 
show significant differences between subgroups, whereas 
indexing by height squared showed significantly greater dif-
ferences according to the increase in BMI in the hyperten-
sive and normotensive populations. The authors concluded 
that LV hypertrophy calculated by LV/body surface area has 
been underestimated in obese individuals, since this type of 
indexing considers obesity to be a physiological variable. In 
contrast, indexing by height squared reveals the difference 
existing in subgroups with different BMI and therefore is 
more appropriate for the determination of LV hypertrophy in 
obese populations.
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Hashimoto et al [20], in a study conducted in order to de-
termine the best method for the standardization of LV mass 
and to assess LV hypertrophy induced by obesity, observed 
that the application of height1.85 to men and height1.72 to wom-
en is an appropriate method for the indexing of LV mass in 
children and adolescents. Di Bonito et al [21] studied the 
influence of central obesity on LV mass and on LV function 
in obese children. They calculated LV mass according to the 
Penn convention and indexed according to height2.7 and de-
tected an increased left ventricular mass index (LVMI) and 
preserved LV function in obese children, concluding that 
central adiposity is the major determinant of LV mass.

A study compared the variations in LV mass index and 
LV mass between two generations of healthy children and 
adolescents aged 2 - 19 years who were submitted to an 
echocardiogram. BMI and LV mass index were significantly 
higher in the 2008 generation than in the generation from 
1986 to 1989. Thus, it was concluded that the children of the 
younger generation had higher BMI and LV mass index val-
ues and higher predictive factors of cardiovascular risk than 
the children of the previous generation [22].

Bostanci et al [23] investigated the relation between 
metabolic syndrome and LV mass index and concluded that 
LV hypertrophy commonly occurs in the pediatric metabolic 
syndrome and is associated with systolic hypertension and 
insulin resistance, and that the LV mass index should be rou-
tinely measured in order to predict the cardiovascular risks 
of these patients.

In the current study, when LV mass was indexed accord-
ing to body surface calculated by the formula of Haycock 
[11], there was no difference between obese and normal-
weight individuals. The same was observed for the LV 2 
mass index when LV mass was indexed by height2.7. Thus, 
when the LV 3 mass index was calculated according to 
height squared, a significant P value was obtained (P < 0.01), 
with higher values detected among obese (38.32 ± 9.84) than 
non-obese (32.56 ± 7.16) individuals.

Few studies present reference values for LVMI and 
RWT in children. In the journal Pediatrics in 2004, a col-
laborative study of the Pediatric Hypertension Association, a 
retrospective review with data from 1998 to 2001, from three 
different locations (University of Texas at Houston, Chil-
dren’s Hospital Medical Center of Cincinnati and Medical 
College of published Georgia), conducted with 129 patients 
with a mean age of 13.6 ± 3.6 years, with a range between 
4.2 and 22 years, in which the LVMI was calculated as LV 
mass divided the time raised to the power of 2.7. In this study 
we defined the criteria for LV hypertrophy in children and 
adults. The criteria for LV hypertrophy in adults was defined 
as LVMI > 51 g/m increased to 2.7 and pediatric criteria for 
LVH was LVMI > 38.6 g/m raised to 2.7. The RWT was 
considered abnormal if ≥ 0.41. LV geometry was classified 
as concentric, concentric remodeling, eccentric or normal. 
Thus, concentric when LVMI and RWT were increased; 

concentric remodeling when LVMI was normal, but the ERP 
was increased; eccentric, when LVMI was increased, but the 
ERP was normal; and normal, when LVMI and ERP were 
normal [24].

In the current study the relative LV wall thickness was 
not significantly different when comparing the values ob-
tained in groups of non-obese children and adolescents 
(30.74 ± 6.09) and obese (31.27 ± 5.11).

In addition to the echocardiographic parameters, also 
the systolic and diastolic blood pressure and waist circum-
ference in children and non-obese and in obese children and 
adolescents were evaluated, and we obtained higher values 
of systolic and diastolic blood pressure in obese children and 
adolescents, as well as larger waist circumference.

Paschoal et al [25] conducted a study with 91 students in 
public schools in the city of Campinas, SP, aged 7 - 8 years, 
when they were evaluated by anthropometric and clinical pro-
file and its relationship with the metabolic syndrome. These 
children were divided into three groups: normal-weight chil-
dren suffering from overweight and suffering from obesity. 
Forty-nine point four percent normal weight, 13.1% over-
weight and 37% obese were obtained. Weight, height, blood 
pressure and waist and arm circumferences were measured. 
Yielded lower values of systolic blood pressure in children 
eutrophic (value of 88.2 ± 4.0 mm Hg) compared with obese 
children (93.4 ± 7.2 mm Hg). Abdominal circumferences 
and brachial were statistically different in the three groups of 
children, higher in obese children and presented with lower 
values in eutrophic. It was found that systolic blood pressure 
and diastolic blood pressure correlated with waist circumfer-
ence in the three groups of children.

Still, Paschoal et al [25] report that the findings in their 
study are consistent with epidemiological studies that met 
three times greater risk of higher blood pressure levels in 
obese children compared with normal weight. They note that 
other studies showed a significant elevation of blood pres-
sure in obese children and stated that there is tendency to 
childhood obesity cause increase in blood pressure, espe-
cially the systolic.

According to Iampolsky et al [26] the pathophysiology 
of changes in blood pressure due to increased body weight 
in children is not well understood. However, in adults, three 
related mechanisms are known: insulin resistance and hyper-
insulinemia; increased sympathetic nervous system activity 
and changes in vascular structure and function. However, 
recently, central adiposity and insulin resistance were also 
indicated as determinants of elevated blood pressure in chil-
dren. Also, they note that excess abdominal fat is associated 
with increased risk of developing chronic diseases, especial-
ly cardiovascular. And, they say that abdominal circumfer-
ence has good relationship with visceral fat.

Finally, Iampolsky et al [26]  refer that is very important 
to include the measurement of blood pressure in the pediat-
ric clinical examination, enabling early intervention, since 
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elevated blood pressure in childhood is associated with the 
persistence of these in adulthood and thus increase the risk 
for cardiovascular diseases such as hypertension. And, they 
comment as the development of these diseases in adulthood 
increases risk as the number of measures changed during 
childhood and adolescence, there may be need to detect and 
intervene early.

In another study, De Moraes et al [27] involved 817 chil-
dren and adolescents aged 6 - 13 years enrolled in public 
schools in the municipality of Vila Velha, Espirito Santo, 
who were assessed for height, weight and blood pressure. 
Regarding the general characteristics of the sample, De 
Moraes et al [27] obtained homogeneity in relation to sex, 
being represented by 51% of boys and 49% girls. The mean 
age was 8.8 ± 1.6 years. The percentage of obese children 
ranged between 67% and 73%, and the percentage of people 
with overweight or obese children, between 21% and 27%. 
They comment that there was a strong correlation between 
the presence of overweight and the occurrence of elevated 
blood pressure, both systolic and diastolic. And it was dem-
onstrated that, regardless of nutritional status criterion lev-
els z score increase in blood pressure as low weight moves 
obesity.

Falkner et al [28] examined the relative effects of arte-
rial pressure and obesity on LV mass among Afro-American 
adolescents and observed that metabolic and inflammatory 
risk factors were associated with obesity, but not with LV 
mass index independently (LV mass/height2.7). The authors 
concluded that the prevalence of LV hypertrophy is higher 
among obese Afro-American adolescents with arterial pres-
sure ≥ 120/80 mm Hg, and that an independent association 
of LV mass with arterial hypertension starts in the 75th per-
centile of systolic arterial pressure.

De Almeida et al [29] conducted a study in which 624 
individuals of both sexes were evaluated aged 7 - 18 years 
obtained from two public schools, as the blood dosage, fast-
ing insulin, glucose, total cholesterol and leptin and who had 
also measured the weight, height and waist circumference. 
This study compared the evaluation of abdominal circum-
ference performed by two tables of references, and showed 
that despite the reference Taylor et al [30] to be more sensi-
tive to hyperlipidemia, the reference Freedman et al [7] had 
higher specificity, being more suitable for clinical use, and 
you can use it instead of blood dosages that often are not 
available. Thus, given the importance of obesity has been 
suggested that screening by reference Freedman et al [8] was 
always performed, emphasizing the measurement of waist 
circumference as a mandatory review in the examination of 
the child.

In conclusion, the present cross-sectional study showed 
that the group of obese children had higher arterial pressure 
levels and higher abdominal circumference values, in addi-
tion to differences in echocardiographic parameters such as 
LV mass index. Although, we have found a significant dif-

ference in LV mass indexed by height squared, as well as 
LV mass among the obese and non-obese, the breadth of sig-
nificance is uncertain, since the population was small and we 
could not stratify by age group. Further, because the mass 
was indexed by height to the 2.7 power and 2 regardless of 
the age group indicated as advocated by Lang et al [7].

Considering the present findings and the fact that the 
persistence of obesity in these healthy children until they 
reach adolescence can course with arterial hypertension and/
or LV hypertrophy, both considered to be independent risk 
factors for cardiovascular changes, as is the case for obesity, 
it can be clearly seen that transthoracic echocardiography is 
important as a marker of cardiovascular risk in children, es-
pecially because it is biologically safe, minimally invasive, 
and easily accessible.
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