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Comparison of echocardiographic findings with laboratory
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Abstract Aim: The purpose of our study was to evaluate the association between insulin resistance and left
ventricular size and function in obese children. Material and methods: A total of 79 cases aged 10–16 years and
diagnosed with obesity and 79 healthy and non-obese cases as controls were included in the study. Patient and
control groups were divided into three groups in terms of age as group 1 (10–12 years), group 2 (12–14 years),
and group 3 (14–16 years). Fasting blood glucose, lipid profile, and fasting insulin levels of the cases were
assessed. Mitral valve E and A waves, left ventricular ejection fraction, fractional shortening, end-diastolic and
end-systolic diameters, left atrium diameter, and septal wall thickness were measured using echocardiography.
Results: Measurements of septal diastolic thicknesses, left atrium diameter, and left ventricular end-systolic
diameter of all the three groups obtained by echocardiography were statistically higher compared with the
controls. In all the patient groups, the mitral valve E/A ratio was >1. In groups 2 and 3, there was a positive
correlation between fasting insulin levels and HOMA-IR and left ventricular end-systolic diameter, end-diastolic
diameter, and septal systolic and diastolic wall thicknesses. Conclusion: In paediatric obesity, identification of early
cardiac changes will be significant in allowing early diagnosis and treatment of cardiovascular diseases.
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OBESITY IS DEFINED AS ACCUMULATION OF ABNORMAL

or excessive amounts of fat in body adipose
tissues due to imbalance in energy metabolism.

Many studies have shown that prevalence of childhood
obesity is increasing, particularly in the last 30 years.1,2

Similarly, in our country, incidence of childhood
obesity has increased from 6–7% to 15–16% in the
last 20 years.3 It is known that cardiovascular disease
risk increases in obese children.4,5 body mass index,
hypertension, dyslipidaemia, insulin resistance, and
type 2 diabetes mellitus have been identified as risk
factors for cardiovascular diseases in children.6

Although there are studies showing that obesity
unfavourably affects systolic and diastolic functions of
the heart, in some studies, cardiac functions have been

found to be normal in obese patients.7,8 The purpose of
our study was to determine the systolic and diastolic
functions of the heart in obese children and evaluate
the association of obesity and insulin resistance with
left ventricular size and function.

Material and methods

Study population
Cases in puberty and aged 10–16 years presenting to
our Paediatric Endocrinology Outpatient clinic
between March, 2013 and August, 2013 and
diagnosed with obesity were included in the study.
Cases with syndromic obesity and also with accom-
panying type 2 diabetes mellitus and thyroid disease,
hypertensive cases, and those with a known chronic
disease were excluded from the study; 79 cases
(47 girls, 32 boys) meeting these criteria were
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selected. The control group comprised 79 (38 girls,
41 boys) healthy and non-obese cases of similar gender
and age and with no known history of drug use
presenting at our Paediatric Cardiology outpatient
clinic and diagnosed with non-specific chest pain or
innocent murmur. As there would be differences
regarding normal echocardiographic values according to
age group, the patients were evaluated within their own
groups after dividing them into age groups. Accord-
ingly, patient and control groups were divided into
three groups in terms of age as group 1 (10–12 years),
group 2 (12–14 years), and group 3 (14–16 years).

Auxological examination
All the cases underwent detailed clinical examination
by the same researcher and their age, gender, height,
and weight were recorded, and their pubertal
development was assessed with Tanner staging. Body
weight was measured using the “Seca (Ulmer)”
weighing balance, and height was measured using
the “BUSSE Design Engineering ulmer stadiometer”
height measurement device. Standard deviation
scores of weight and height and body mass index
and body mass index standard deviation scores were
calculated with the auxology program using the
standards determined for Turkish children. Those
with body mass index percentiles above the
95th percentile adjusted for age and gender or
those above +2 standard deviation according to
standardised measurements adjusted for age and
gender were evaluated as obese. Blood pressure was
measured twice using a calibrated and suitable-sized
manometer from the right arm after the patient res-
ted for 10 minutes and their average was taken.
Arterial systolic and diastolic pressures of the patients
were evaluated according to the blood pressure per-
centile chart based on age and height, and those at
the 95th percentile and above were evaluated as
hypertensive. All the patients and control groups
were normotensive.

Laboratory parameters
Blood glucose levels after at least 10 hours of fasting
(fasting blood glucose), lipid profiles – triglyceride,
total cholesterol, HDL, and LDL levels – and fasting
insulin levels of the cases included in the study were
analysed. Homoeostasis Model of Assessment of
insulin resistance (HOMA-IR) assessment was
performed using the following formula: fasting blood
glucose (mmol/l)× fasting insulin (mcU/ml)/22.5.9

HOMA-IR >3.16 was accepted as insulin resistance.
Cases with triglyceride levels >150 mg/dl, HDL
cholesterol levels <40 mg/dl, and LDL choles-
terol levels >110 mg/dl were considered as having
dyslipidaemia.10,11

Echocardiography
Echocardiography was carried out at the left decubitus
position using the (2-dimension,M-mode) Vivid 5S (GE
Vingmed Ultrasound AS, Horten, Norway) device and
3-MHz transducer. Each participant underwent
echocardiography in accordance with the standard ima-
ges and techniques presented in the American and
European Echocardiography Society guidelines.12 Using
the Pulse wave Doppler, the cursor of the echocardio-
graphy (ECHO) device was placed on the apex of the
mitral valve leaflets, and the early diastolic E-wave on
the mitral valve flow velocity curve and the late diastolic
A-wave showing atrial contraction were measured. Left
ventricular ejection fraction, fractional shortening,
end-diastolic (LVEDD) and end-systolic (LVESD) dia-
meters, left atrium diameter, interventricular septum
(IVS) wall thickness were measured using the M-Mode
ECHO in the parasternal long-axis position, and aortic
valve opening was measured using the two-dimensional
ECHO. All the echocardiographic parameters were
indexed to age and body surface area.

Statistical evaluation
Study data were analysed using SPSS for Windows
14.0 package program. As parametric test hypotheses
were met during data evaluation, significance test of
the difference between two mean values and Pearson’s
correlation analysis were used in independent groups.
Our data were expressed as arithmetic mean±
standard deviation in the tables, and error level was
taken as 0.05; p<0.05 was considered to be statisti-
cally significant. Inter-observer variability (82%) was
assessed by analysing all the echocardiographic para-
meters by two different researchers. For intra-
observer variability (94%), all the echocardiographic
parameters were analysed by one researcher at two
different times.

Results

When body weight, body weight standard deviation
scores, body mass index, and body mass index
standard deviation scores of all the groups were
compared with the control groups, the differences
were statistically significant (p<0.05; Table 1).
When fasting blood glucose, fasting insulin,

HOMA-IR, TG, Cholesterol, HDL, and LDL levels
of the cases in groups 1, 2, and 3 were compared
with the control group, differences were statistically
significant (p<0.05; Table 2).
In the ECHO evaluation of the cases, valve open-

ings, left atrium diameters, IVS diastolic thickness
(IVSd), and LVESD measurements of all the three
groups were statistically significantly higher when
compared with their respective control groups
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(p<0.05). In group 2, the difference in IVS systolic
wall thickness (IVSs) compared with the control
group was statistically significant but at a low level.
There was no statistical difference when LVEDD,
ejection fraction, and fractional shortening of all three
groups were compared with the control groups
(p>0.05). In all patient groups, mitral valve E/A
was found to be >1 (Table 3).
Although a positive correlation was found between

body mass index and body mass index standard
deviation scores and only IVSd measurements in
group 1, a positive correlation was found between
body weight, body weight standard deviation scores,
body mass index, and body mass index standard
deviation scores and IVSd, IVSs, and mitral E
measurements in group 3. A negative correlation was
found between body mass index and E/A ratio in all
the groups. The difference in E/A between obese and
controls was statistically significant in group 2.
In groups 2 and 3, a positive correlation was found

between fasting insulin and HOMA-IR and LVESD,
LVEDD, IVSd, IVSs, and left atrium. In cases with
insulin resistance, a significant positive correlation
was found between insulin resistance and LVEDD,
LVESD, IVSd, and IVSs (Table 4). A positive
correlation was found between cholesterol levels and
LVESD and LVEDD in group 3. A positive correla-
tion was found between HDL levels and LVEDD in

group 1. In all the three patient groups, there was a
positive correlation between TG and LDL levels and
LVESD, LVEDD, and valve openings (Table 4).

Discussion

Obesity prevalence has a tendency to increase
worldwide. Childhood obesity is an important risk
factor for the development of cardiovascular diseases
later in life.4,5 Left ventricular size has been shown to
be associated with hypertension, obesity, insulin
resistance, and early stage cardiovascular diseases
in young adults;13 however, few studies have been
carried out on this subject in childhood.
Obesity induces left ventricular dilation by

increasing left ventricular filling pressure and
volume. Dilated chamber volume increases unpro-
portionately with stress in the left ventricular wall.
Consequently, the myocardium adapts itself by
increasing its contractile elements and therefore
the myocardial mass; the end product of this
process is ventricular hypertrophy. Left ventricular
hypertrophy has been defined as the determinant
risk factor for various cardiovascular diseases in obese
children.14,15 Left ventricular hypertrophy causes
decrease in left ventricular compliance and impair-
ment of diastolic relaxation pattern. Interventricular
septum thickness and LVEDD are important

Table 1. Comparison of auxologic parameters between obese and control groups.

Group 1 (n= 21)
Control
(n= 20) p Group 2 (n= 30)

Control
(n= 21) p Group 3 (n= 28)

Control
(n= 38) p

BW 66.4± 8.3 37.3± 6.16 0.001 80.7± 12.2 49.6± 6.57 0.001 84.7± 11.9 57.7± 5.17 0.001
BWSDS 3.75± 1.22 −0.15± 0.74 0.001 4.10± 1.80 0.19± 0.74 0.001 4.16± 1.85 0.22± 0.63 0.001
Height 151± 6.5 150.8± 6.68 0.110 159.1± 6.4 155.7± 7.73 0.094 161.7± 6.3 164.2± 6.93 0.133
HeightSDS 0.84± 1.07 0.53± 0.74 0.146 0.50± 1.09 −0.01± 0.99 0.096 0.05± 0.89 0.20± 0.80 0.505
BMI 29.0± 2.46 18.7± 1.74 0.001 31.8± 4.09 20.4± 1.96 0.001 32.3± 3.87 21.4± 1.73 0.001
BMISDS 2.89± 0.35 0.81± 0.64 0.001 2.97± 0.44 0.74± 0.62 0.001 2.81± 0.48 0.57± 0.52 0.001

BMI= body mass index; BW= body weight; BWSDS= body weight standard deviation scores

Table 2. Comparison of laboratory parameters between obese and control groups.

Group 1
(n= 21)

Control
(n= 20) p

Group 2
(n= 30)

Control
(n= 21) p

Group 3
(n= 28)

Control
(n= 38) p

FBG 85.4± 5.42 78.6± 7.23 0.001 84.3± 7.25 75.0± 7.58 0.001 86.7± 6.20 76.2± 6.01 0.001
F. Insulin 21.0± 9.66 7.90± 2.52 0.001 25.1± 13.8 6.23± 2.56 0.001 24.6± 9.58 7.43± 2.16 0.001
HOMA-IR 4.49± 2.22 1.55± 0.57 0.001 5.34± 3.27 1.18± 0.56 0.001 5.35± 2.35 1.40± 0.44 0.001
TG 115.5± 36.2 93.1± 21.9 0.022 148.5± 64.3 91.1± 22.3 0.001 136.0± 61.3 92.2± 23.7 0.001
Cholesterol 165.7± 23.5 107.5± 16.5 0.001 156.8± 30.7 105.0± 17.3 0.001 172.8± 38.6 104.4± 14.0 0.001
HDL 45.4± 10.2 36.8± 5.03 0.002 42.8± 7.12 37.2± 4.50 0.003 45.2± 7.71 38.0± 5.53 0.001
LDL 117.7± 26.9 80.5± 11.3 0.001 106.7± 31.0 78.7± 12.0 0.001 117.1± 40.7 78.1± 8.41 0.001

F. Insulin= fasting insulin; FBG= fasting blood glucose; HDL= high-density lipoprotein; HOMA-IR=Homoeostasis Model of Assessment-insulin
resistance; LDL= low-density lipoprotein; TG= triglyceride
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parameters for the determinantion of left ventricular
function.16 In the 20-case study by Berkalp et al17

and the 341-case study by Kono et al,18 IVSd and
LVPWd values were significantly increased in obese
patients. In our study, obese and control groups were
compared, and in accordance with literature data,
although there was a significant difference in IVSd
values, there was no significant difference in IVSs
values. This was interpreted as obesity causing first an
increase in diastolic wall thickness morphologically.
Significant changes secondary to volume load in

morphological findings such as left atrium, LVESD,
LVEDD, left ventricular mass, and preserved left
ventricular systolic function have been reported in
obese children in the literature.19,20 Some studies
have reported significantly high LVEDD in obese
cases. This condition has been shown as an early
determinant of left ventricular function, and a strong
relationship has been established between left atrium

volume index and duration and severity of diastolic
dysfunction.21,22 In another study, left atrium
diameter was significantly higher in obese groups
compared with the control group;7 however,
although there was a significant difference in left
atrium and LVESD between the obese and control
groups in our study, there was no difference regard-
ing LVEDD. As in our study, left atrial enlargement
was also found in obese cases without an increase
in LVEDD in some studies. This condition was
considered to be a physiological adaptation of the
heart.23 Again in our study, there was no statistically
significant difference in ejection fraction and fractional
shortening between obese cases and controls, in
accordance with the literature. Left ventricular systolic
functions were noted to be preserved in obese cases.
Some studies have defined early diastolic functional

impairment without left ventricular systolic dysfunc-
tion.24,25 Obesity is an independent determinant of
diastolic dysfunction but its pathophysiology is
still not clear.26,27 Endothelial dysfunction, caused by
various pro-inflammatory cytokines, free fatty
acids, nitric oxide, and insulin resistance, causes
cardiovascular diseases in obese children.28 Adipo-
nectin deficiency, angiotensin 2, and leptin in obesity
lead to abnormal cardiac relaxation and consequently
diastolic dysfunction.29

The early diastolic E and late diastolic A waves on
the mitral valve velocity curve and E/A ratio were
used for measuring diastolic dysfunction. E/A should
be 1.5 or greater in normal diastolic filling pattern. In
the presence of diastolic dysfunction, E/A can be
measured as <1. Diastolic dysfunction could not be
shown in a study comparing mitral E/A of obese and
non-obese groups.30 In a study by Gian et al,31 obese
patients had decreased peak E velocities, mildly
increased A velocities, and decreased E/A ratios
compared with the controls. In a study by Erturk
et al,32 carried out in obese children, the obese group
had increased A velocity and decreased E/A ratio
compared with the controls. In a study by Chakko
et al,33 E/A ratio was significantly decreased in the

Table 4. Correlation between indexed parameters.

LVEDD LVESD IVSd IVSs

Group 1
BMI k 0.415

p 0.045
Triglyceride k 0.629 0.425

p 0.002 0.049
Group 2
HOMA-IR k 0.416 0.378 0.461 0.471

p 0.022 0.039 0.010 0.019
Triglyceride k 0.495 0.416

p 0.005 0.022
Group 3
HOMA-IR k 0.415 0.394 0.594 0.545

p 0.039 0.042 0.001 0.003
Triglyceride k 0.490 0.458

p 0.019 0.042

BMI= body mass index; HOMA-IR=Homoeostasis Model of Assess-
ment of insulin resistance; IVSd= interventricular septum diastolic wall
thickness; IVSs= interventricular septum systolic wall thickness;
k= Pearson’s correlation; LVEDD= left ventricle end-diastolic dia-
meter; LVESD= left ventricle end-systolic diameter

Table 3. Comparison of indexed echocardiographic parameters between obese and control groups.

Group 1
(n= 21)

Control
(n= 20) p

Group 2
(n= 30)

Control
(n= 21) p

Group 3
(n= 28)

Control
(n= 38) p

VO 17.7± 1.95 16.6± 1.46 0.046 19.6± 1.72 17.9± 1.49 0.001 19.6± 1.44 18.5± 2.06 0.014
LVESD 9.62± 1.96 8.40± 1.04 0.018 10.7± 1.72 9.05± 1.16 0.001 11.8± 2.20 9.6± 1.47 0.001
LA 43.9± 4.15 38.2± 4.61 0.001 47.3± 4.13 40.7± 2.41 0.001 48.5± 5.37 42.7± 3.18 0.001
IVSd 9.95± 1.65 7.80± 1.00 0.001 11.0± 1.48 8.00± 1.18 0.001 10.7± 1.89 9.18± 1.13 0.001
IVSs 13.0± 2.13 12.2± 1.94 0.219 14.3± 2.73 12.9± 1.39 0.043 13.8± 2.23 13.6± 1.82 0.603
Mitral E/A 1.67± 0.42 1.70± 0.32 0.680 1.46± 0.29 1.83± 0.42 0.001 1.55± 0.32 1.60± 0.30 0.563

IVSd= interventricular septum diastolic wall thickness; IVSs= interventricular septum systolic wall thickness; LA= left atrium; LVESD= left ventricle
end-systolic diameters; VO= valve opening
Bold values significant at p < 0.05
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obese group compared with the control group.
Similarly, in our study, mitral E/A of all patient
groups was >1 and the obese group had decreased
E/A ratio compared with the control group in accor-
dance with the literature. It can be defined as an
abnormality of ventricular filling with normal cardiac
function and compensatory increased atrial pressure.
In this condition, the A wave upraises. Although
there are studies finding a negative correlation
between body mass index and E/A, there are also
studies that have found no difference.34 We
also found a negative correlation between body mass
index and E/A ratio in our study. Owing to the
positive correlation between body mass index increase
and IVSd, IVSs, and mitral E values, group 3, which
has the highest body mass index and body weight
values, has also been considered as having such
positive correlation in terms of those parameters.
Insulin resistance can lead to structural and

functional changes in the left ventricle. There are
studies reporting a statistical correlation between left
ventricle size and body mass index and HOMA-IR in
obese children.14,15 Although one study reported a
significant correlation between insulin resistance
(HOMA-IR) and left atrium and left ventricular
end-diastolic volume, it has not shown a similar
correlation between insulin resistance and body mass
index.7 In our study, a positive correlation was found
between fasting insulin and HOMA-IR and LVESD,
LVEDD, left atrium, IVSd, and IVSs in groups 2 and
3. Furthermore, a significant positive correlation was
found between insulin resistance and LVEDD,
LVESD, IVSd, and IVSs in cases with insulin
resistance. Therefore, it was seen that increase in
insulin resistance caused an increase in left ventricular
size and wall thicknesses by increasing sympathetic
autonomous activity.
Increased triglyceride and cholesterol levels in

childhood are considered to be among the cardiovas-
cular risk factors.35,36 Similarly, in our study, a
positive correlation was found between TG and LDL
levels and LVESD, LVEDD, and valve opening in all
three patient groups; however, a positive correlation
was found between cholesterol levels and LVESD and
LVEDD only in group 3. It was thought that this
condition could be due to long-term exposure to
hyperlipidaemia because of higher mean cholesterol
levels and age.

Summary

It was shown in our study that left ventricular
hypertrophy and diastolic dysfunction developed but
systolic functions were preserved, and an increase in
insulin resistance caused an increase in left ventri-
cular size and wall thickness in childhood obesity.

In conclusion, determination of these early cardiac
changes will be important in allowing early diagnosis
and treatment of cardiovascular diseases that may
develop later.
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