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CLINICAL STUDY

Left ventricular systolic and diastolic function in children

with overweight and obesity
Schusterova I', Jurko A2, Minarik M?
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Abstract: Objectives: Several studies have found an association between obesity and heart failure. The pur-
pose of our study was to identify the influence of the severity of obesity in children on structural and functional
changes of the left ventricle and parameters of the systolic and diastolic function.

Methods: This was a prospective controlled study carried out between February 1 and October 31, 2010, in-
volving 21 children with overweight and obesity and 23 healthy controls. Following parameters were evalu-
ated: nutritional status, intermittent and continuous ambulatory blood pressure monitoring, echocardiographic
examination including aortal root diameter, left atrial diameter, interventricular septum thickness, left ventricular
end-diastolic diameter, left ventricular end-systolic diameter, left ventricular posterior wall thickness, left ventricle
mass, relative wall thickness, left ventricular mass/height index and ejection fraction.

Results: In overweight and obese children, systolic blood pressure, diastolic blood pressure, average day-time
SBP were higher than in controls. Also, left ventricular size was increased and diastolic dysfunction with pre-
served systolic function was present in overweight children.

Conclusions: In our study we have found that in obese and overweight children signs of early myocardial dam-
age, both structural and functional, are detectable mainly as the alteration of the left ventricular diastolic func-
tion, despite preserved global systolic function. These changes seem to be intensified by the severity of obesity

(Tab. 3, Ref. 39). Full Text in PDF www.elis.sk.
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Recently, extreme increase of obesity has been reported not
only in adults, but also in children. In the European Union similar
trends have been observed for the last 20 years, with more signifi-
cant increase of obesity in recent 10 years (1). Many studies have
proven the relation between obesity and heart failure (2). In obese
individuals, a wide spectrum of cardiovascular changes can be ob-
served, starting from hyperdynamic circulation up to the changes
ofthe myocardial structure (3). Similarly to adult patients, changes
in left ventricular diastolic function indexes occur also in obese
children and adolescents (4).

The purpose of our study was to identify the influence of the
severity of obesity in children on structural and functional changes
of the left ventricle and parameters of the systolic and diastolic
function in pediatric patients with obesity and overweight.

Methods
The study was done at the Department of Pediatrics, Children’s

Faculty Hospital in Kosice, Slovakia between February 1 and Oc-
tober 31, 2010. Study population consisted of two groups, the first
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group included 21 children with overweight and obesity (13 with
overweight and 8 with obesity), with average age of 13.5+1.2 years.
The second control group included 23 healthy children of similar
age. The study was approved by the institutional ethics committee.

Nutritional status was evaluated by using body mass index
(BMI), calculated as weight divided by square of height in meters.
BMI percentile was identified from standard population charts for
age and gender. BMI <85th percentile was considered as normal
body mass, BMI between 85th and 95th percentile as overweight
and BMI above 95th percentile as obesity (5).

Blood pressure was measured during clinic visit using a mer-
cury pressure gauge following recommendations of the American
Cardiologic Association (6). Mean systolic and diastolic blood pres-
sures were used for statistical analysis. Ambulatory 24-blood pres-
sure hours monitoring (AMBP) was carried out by using the oscil-
lometric device Ergoscan with appropriate cuff size in accordance
with the nondominant upper limb shoulder circumference. Only
examinations with at least 5 successful night measurements and at
least 15 measurements during the day were statistically processed.
Blood pressure was measured each 15 minutes in the day-time
(8.00-22.00 hours) and once an hour at night (22.00-8.00 hours).
When processing AMBP data, the following parameters have been
used: average day-time, night-time and 24-hour systolic and dias-
tolic blood pressure. Belt diameter was measured at umbilical level.

Echocardiographic examination was done with Vivid 5 echo-
cardiograph, using the 3.5 MHz probe S611, always by the same
cardiologist. The echocardiographic examination included a com-
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prehensive 2-D examination, colour and spectral Doppler exami-
nation and complete examination in M-mode acquired from 2-D
projection. The techniques used to measure the left ventricle (LV)
inner diameter, interventricular septal thickness and LV posterior
wall thickness measured in diastole comply with the recommenda-
tions of the American Society of Echocardiography (7). The fol-
lowing parameters have been evaluated: aortal root diameter (Ao),
left atrial diameter (LAD), interventricular septum thickness (IVS),
left ventricular end-diastolic diameter (LVEDD), left ventricular
end-systolic diameter (LVESD) and left ventricular posterior wall
thickness (PWTh), left ventricle mass (LVM), calculated according
to the Devereux’s formula and the Penn convention (LVM (g) =
1.04 [(LVEDD + IVST + LVPWT)? - LVEDD?] — 13.6 g), relative
wall thickness (RWTh), calculated from equation: RWTh=IVST +
LVPWT/LVEDD, left ventricular mass/height index was calculated
as: LVMIV =LVM (g)/height (m>7) (8, 9, 10). Ejection fraction (EF)
was calculated according to the formula: EF (%)=LVEDV- LVESV/
LVEDV x 100 %, where LVEDV is the left ventricular end-diastolic
volume and LVESV is the left ventricular end-systolic volume [13].
Stroke volume (SV) was calculated as a difference between the
LVEDV and the LVESV. The recommendations of the American
Society of Echocardiography were used to determine the diastolic
function and its individual indexes (11). The pulse Doppler ex-
amination of flow through the mitral valve was used to obtain and
evaluate the following parameters: E-wave (peak velocity of early
diastolic filling), A-wave (peak velocity of late diastolic filling),
E/A wave ratio, deceleration time of early diastolic filling (DT)
and isovolumic relaxation time (IVRT).

Obtained data were processed by using the methods of descrip-
tive and inductive statistics depending on the type and number of
variables. For the purpose of the inductive statistics we assumed,
that our data represent a random sample of the relevant population.
The significance level was set to 5 %. The first step was a one-

Tab. 1. Blood pressure and left ventricular dimensions.

dimensional analysis — the tabulation of all monitored variables
using frequency tables. All identified problems were checked and
corrected. The second step was a two-dimensional analysis — the
assessment of pairs of monitored variables. The nonparametric
Kendall correlation coefficient (and the test of its significance),
which measures the monotone statistical dependence (not only
linear), was used for two numeric variables. It has been chosen
due to the fact, that some variables had significantly abnormal
distribution often with extreme values, which could eventually
disvalue the traditionally used Pearson correlation coefficient. In
order to compare numerical and categorical variables, descrip-
tion tables and the “eta” coefficient were used. ANOVA was used
to determine the statistical significance of the mean difference.
The distribution of variables was about normal. The last step was
a multi-dimensional analysis — a multiple regression, where the
relation between several numerical variables was examined si-
multaneously. All calculations were performed using a freeware
version of SPSS.

Results

Systolic and diastolic blood pressure taken during clinic visit
and average daily systolic blood pressure have been significantly
higher in obese and overweight children. In children with obesity,
there was also significantly higher average day-time systolic blood
pressure. Interventricular septum, LV end diastolic diameter, LV
end systolic diameter and also LV posterior wall thickness have
been significantly larger in obese and overweight children. Left
ventricular mass and also LV mass-to-height index have been sig-
nificantly higher in overweight children (Tab. 1).

Parameters of left ventricular function, as LV end diastolic
volume, LV end systolic volume, LV stroke volume have been
significantly increased in overweight children except for LV ejec-

Normal body weight Overweight Obesity

Mean SD Mean SD Mean SD
Age (years) 13.5 1.1 13.5 1.3 13.5 1.3
Body weight (kg) 443 12.2 71.7* 15.1 77.4% 14.1
Height (cm) 151.9 232 165.3 10.0 166.0 9.1
SBP (mm Hg) 106.2 11.2 116.1%** 10.3 120.0%* 8.5
DBP (mm Hg) 65.6 5.9 71.6%* 8.0 73.0%** 8.6
Average 24-hours SBP 108.7 6.1 112.7 6.3 115.0* 6.4
Average day-time SBP 113.06 6.0 119.4%** 8.1 122.8%%* 8.6
Average 24-hours DBP 59.8 5.1 61.7 4.1 62.4 5.7
Average day-time DBP 64.0 6.6 67.5 6.6 68.6 8.1
Average night-time SBP 100.8 9.3 105.7 11.4 108.9 11.5
Average night-time DBP 51.6 6.5 52.3 6.3 533 7.0
IVS (mm) 7.42 1.32 8.53% 1.37 8.84* 1.53
LVEDD (mm) 42.47 4.44 46.61%** 4.0 47 45% %% 3.30
LVESD (mm) 28.21 3.43 31.32%** 3.32 31.83%** 3.51
PWTh (mm) 6.79 1.14 8.04*H* 1.27 8.06%*** 1.36
RWTh 0.33 0.04 0.35 0.04 0.35 0.03
LVM (g) 104.14 36.88 149.55%*** 46.1 152.59%**x* 43.65
LVMIV (g/m2.7) 30.08 9.2 37.13%* 9.24 38.38%* 10.79

SD — standard deviation, SBP — systolic blood pressure, DBP — diastolic blood pressure, IVS — interventricular septum thickness, LVEDD - left ventricular end-diastolic
diameter, LVESD — left ventricular end-systolic diameter, PWTh — posterior wall thickness, RWTh — relative wall thickness, LVM — left ventricular mass, LVMIV — left

ventricular mass index to height2,7
*p<0.01, ¥* p <0.001, *** p <0.005, **** p <0.001
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Tab. 2. Parameters of left ventricular systolic and diastolic function.

Normal body weight Overweight Obesity

Mean SD Mean SD Mean SD
LVEDV (ml) 75.08 19.08 95.05* 20.1 100.03%%** 17.46
LVESV (ml) 28.66 8.81 37.33%* 10..46 37.71%* 10.43
SV (ml) 46.2 10.94 58.41%* 16.5 61.91%* 16.37
EF (%) 61.92 3.52 60.72 8.7 61.97 9.8
LAD (mm) 30.68 5.12 33.8* 3.69 34.38* 347
A0/LA ratio 1.29 0.18 1.33 0.12 1.34 0.11
A wave (m/s) 0.48 0.12 0.59* 0.14 0.63** 0.15
E wave (m/s) 1.00 0.13 1.01 0.12 1.01 0.11
E/A ratio 2.19 0.65 1.80* 0.45 1.68* 0.42
DT (ms) 150.45 40.36 169.0 4425 180.36* 41.47
IVRT (ms) 101.78 15.71 112.47 19.36 115.9* 19.27

SD — standard deviation, LVEDV — left ventricular end-diastolic volume, LVESV — left ventricular end-systolic volume, SV — stroke volume, EF — ejection fraction, LAD —
left atrium diameter, Ao — aortic root size, A wave — peak velocity of late diastolic filling, E wave — peak velocity of early diastolic filling, DT — deceleration time of early

transmitral blood flow velocity, IVRT — isovolumetric relaxation time
* p<0.01, ** p<0.001, *** p<0.005, **** p<0.0001

Tab. 3. Positive correlations between anthropometric data, blood pressure and LV paramters.

SBP DBP 24h SBP VS LVM LVEDD LVESD
BW Rk 1<0.544 *** 1<0.337 **1<0.334 HrRk 1<0.496 *H% 1<0.302 HHREE 1<0.576 *xx 1<0.477
BMI FaEE 1<0.441 *1<0.301 *1<0.334 *ax 1<0.351 FoHAAE 1<0.436 *HAE 1<0.399 *** 1<0.3601
RWTh LVEDV LVESV SV LAD
BW kK 1<0.465 HkEk r<0.611 *HE* 1<0.492 Rk 1<0.530 R 1<0.472
BMI **%1<0.370 *1<0.372 HHAE 1<0.374 *HAE 1<0.360

BW — body weight, BMI — body mass index, SBP — systolic blood pressure, DBP — diastolic blood pressure, 24h SBP — average 24 hours systolic blood pressure, IVS — in-
terventricular septum thickness, LVM — left ventricular mass, LVEDD — left ventricular diastolic diameter, LVESD — left ventricular systolic diameter, RWTh — relative wall
thickness, LVEDV - left ventricular end-diastolic volume, LVESV — left ventricular end-systolic volume, SV — stroke volume, LAD — left atrium diameter

#p<0.01, ** p<0.05, *** p<0.005, **** p<0.001, #**%% p<0.0001

tion fraction, which was not changed compared to controls. There
was no systolic dysfunction in any child. Significant differencies
have been also in parameters of left ventricular diastolic function.
Left atrial diameter and late diastolic filling peak flow velocity
(A-wave) were significantly increased. E/A ratio was significantly
lower. Isovolumetric relaxation time and early diastolic filling de-
celeration time were higher than in controls, but without statistical
significance. In children with obesity both, IVRT and DT, reached
statistical significance (Tab. 2).

There were significant positive correlations between body
mass, BMI and specific left ventricular parameters (Tab. 3).

Discussion

Recently, extreme increase of obesity has been reported not
only in adults, but also in children (12). Obesity, predominantly
in the upper body (android, visceral type) is more frequent, than
obesity of the lower body (gynoid, peripheral type). Android obe-
sity represents a strong and independent predictor of many con-
sequences, such as dislipidemia, insulin resistance, non-alcoholic
fatty liver disease and increase in mortality (13, 14). The waist
circumference, as an indicator of intraabdominal fat mass, corre-
lates with cardiovascular risks and aterogenous lipid profile even
more significantly than BMI (15).

Many studies have proved the relation between obesity and
heart failure (1). Impairment of myocardial function correlates with
BMI and obesity duration (3). Recently more and more attention
is paid to the so called “cardiomyopathy in obese individuals or
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cardiomyopathy related to obesity”, which represents a risk fac-
tor of heart failure (16, 17, 18, 19). In obesity, the chronic volume
overload (increased preload) leads to LV dilatation, increase in the
ventricular wall tension and finally eccentric compensational LV
hypertrophy (20). Several studies have showed the presence of di-
astolic dysfunction, related to this form of cardiomyopathy without
a simultaneous occurrence of systolic dysfunction (3, 21). Early
identification of these abnormalities is of the upmost importance,
because effective treatment can reverse these processes in early
stages of diseases.

In our study, children and adolescents with obesity and over-
weight had significant increase in IVST, LVEDD, LVESD as well
as left ventricular PWTh with positive correlation with body mass
and BMI. These changes seemed to be stronger in children with
more severe obesity, but the number of these children was too small
for the independent statistical evaluation. Also Dorbala et al (22),
pointed out the positive correlation between BMI and the LV size.
The LV dilatation was present even in the case of a mild form of
obesity. In our study we have confirmed the correlation between all
systolic pressures and IVS, PWTh but also LVEDD. The effect of
BP (a higher BP or already developed arterial hypertension) may
participate in these structural myocardial changes. Similarly to the
study of Di Bello et al. (16), in adult patients, in our sample of chil-
dren patients with obesity and overweight, the heart volume values
were significantly higher. Adult obese patients participating in the
above mentioned study showed a higher LVEDV resulting from
the increased LV preload. Based on the Frank-Starling mechanism,
a significant increase of the stroke volume and cardiac output in
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obese individuals occur, compared to individuals with normal body
mass. A direct consequence of this phenomenon, observed also in
our obese children, is the significant enlargement of the left atrium
(LA) in obese individuals. Moreover, we have confirmed also a
positive correlation between body mass and LV systolic function
parameters. There are several factors that cause LV dilatation due
to the increased BMI, including hyperdynamic volume overload
(increased blood volume and capillary flow), neurohumoral activa-
tion and increase of oxidative stress (1,23, 24). Based on the results
of our study, the global systolic function (LV ejection fraction) did
not vary in children with overweight, obesity and normal body mass
and the LV systolic dysfunction was not identified in any of our pa-
tients, similarly to the study of Dorbala et al (22), where there were
no changes even in the presence of severe obesity. There are also
many other studies focusing mainly on adult patients, which do not
confirm systolic dysfunction in obese patients [3]. Some authors
e.g. lacobellis et al. (4), reported changes of the LV systolic func-
tion in addition to structural changes. As the results suggest, even
in children the obesity is related to certain structural heart changes
and LV remodelling. However, despite the global LV systolic func-
tion still being preserved, altered parameters of the diastolic func-
tion and dilated left atrium can be observed, and the changes tend
to be more significant with the increase of the severity of obesity.
Pascual et al (3), were among the first to report cases of early myo-
cardial damage in isolated obesity, especially when using a con-
ventional Doppler echocardiographic examination of transmitral
flow and shoved a subclinical diastolic dysfunction of LV in spite
of the fact that LV systolic dysfunction has not been identified in
any patient. Harada et al (25), confirmed the reduction of LV early
diastolic filling in a sample of 21 asymptomatic obese children. The
increased IVRT and DT in obese individuals were reported also
by other authors (16, 26, 27, 28). Several other studies, evaluating
the diastolic function in obese children and adolescents have been
published, which correspond to our results (25, 29). Changes in LV
diastolic function indexes occur in obese children and adolescents.
The left atrium (LA) diameter in obese and overweight children in
our study was significantly higher compared to children with nor-
mal body mass, similarly to the results of Iacobellis et al study (4).
The study confirmed not only the correlation between LA, body
mass and BMI, but also with LV size and thickness. All these results
are in accordance with the findings of Yu et al (30), who came to
similar conclusions in the sample of 22 obese children. However,
so far it is not clear, whether the increased LA diameter in obese
children represents an independent risk factor of cardiovascular
diseases as it is in adults. Benjamin et al (31), confirmed that the
LA dilatation is associated with an increased risk of cerebral vas-
cular disease in males and with death in both genders. Average BP
values as well as all BP values in ABPM were higher in obese and
overweight children. Similar conclusions were reported also by Alp-
ert et al (20), in their study of hypertensive children and Daniels et
al (32), in a sample of 112 hypertensive children with average age
of 14.2 years and in addition to the effect of body mass and BMI
they also confirmed the effect of systolic BP on the LA diameter.

Overweight in children results in increased LV mass com-
pared with the expected LV mass in normal population (33).

Body mass demonstrates a strong, positive and independent ef-
fect on the LV mass (51). Our study has confirmed a positive,
statistically significant correlation between LVM and LV mass/
height index*” and body mass, height and BMI. Dekkers et al
(34), demonstrated, that obesity is a positive predictor of LVM.
In obese and overweight children included in our study, LV mass
and LV mass/height index*’ were significantly higher than in
children with normal body mass. Some studies prove that obesity
in children results in increased LVM in adulthood, and moreover,
it precedes the occurrence of other risk factors of the metabolic
syndrome (35, 36, 37). However, the reason of the diastolic dys-
function in obesity is not quite clear. Some authors suggest, that
the damage to the LV diastolic function may occur due to the
insulin resistance and hyperinsulinaemia or fasting hyperglycae-
mia (38, 39). There are several factors contributing to myocardial
damage. The increased stroke volume and cardiac output result
in dilatation of heart compartments with the LV eccentric hyper-
trophy. Insulin resistance results also in increased LVM in obese
patients (28). Our study points out the fact that the described
changes of the LV function in children and adolescents with
obesity and overweight were probably caused mainly by obesity,
because neither arterial hypertension nor severe dislipidemia has
been identified in any of them. All the described changes were
more significant in children with severe obesity, which can im-
ply that the described changes depend on the obesity level and
they are more severe in children with a higher BMI percentile
and more severe obesity.
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