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The role of echocardiography in the evaluation of cardiac
re-modelling and differentiation between physiological and
pathological hypertrophy in teenagers engaged in competitive
amateur sports
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Abstract Aims: “Athlete’s heart” is a cardiac adaptation to long-term intensive training. The aims of this study
were to show the prevalence of left ventricular hypertrophy in teenagers who participate in sports, to define the
different types of cardiac re-modelling, and to differentiate between physiological and pathological hypertrophy.
Method: Echocardiographic measurements were obtained by M-mode, two dimensional, and Doppler techniques
of participants from sports and control groups. Results: The echocardiographic examinations included 100 healthy
teenagers taking part in dynamic sports such as football and basketball and 100 healthy teenagers taking part in
static sports such as karate and judo. The control group (n= 100) included healthy, sedentary teenagers. Sports
participants had significantly higher left ventricular mass when compared with the control group, (p< 0.001). In
the dynamic sports group, 29% of the respondents had left ventricular mass above the 95th percentile, whereas
71% had left ventricular mass below the 95th percentile (p< 0.001). The cardiac re-modelling was eccentric
(79.4 versus 20.6%, p< 0.001). In the group of static sports participants, 37% had left ventricular mass above
the 95th percentile, whereas 63% had left ventricular mass below the 95th percentile (z score 0.74± 0.82,
p< 0.001). The prevalence of concentric and eccentric types of re-modelling was equally manifested (54.05
versus 45.95%, p> 0.05). Respondents from both groups had E/A ratios (transmitral flow velocity ratio)> 1,
preserved diastolic function, and statistically they did not differ from the control group. Conclusion: Echo-
cardiographic parameters show that physiological hypertrophy and cardiac re-modelling are present in teenagers
who play sports. Unexpectedly, the prevalence of concentric and eccentric types of re-modelling is equally
possible in the group of static sports participants.
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“ATHLETE’S HEART” ENCOMPASSES SETS OF

morphological and functional character-
istics of the heart, which develop over

time under the influence of training.1 The increase in

mass is a universal response of tissues that are exposed
to increased exertion. It is interesting that these
adaptive changes, which are typical for athlete’s
heart, can be seen at an early age.2,3 Thus, such
alterations were observed in 5-year-old children.
Genetic factors have an impact on the increases in left
ventricular mass under the influence of athletic
training;4 however, in physiological hypertrophy,
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there is no fibrosis or apoptosis, the structural
integrity of myocytes is preserved, ATPase activity
of myosin is increased, and myocardial contractility is
improved.5–7 Physiological hypertrophy, which is
induced by physical exertion, in a functional sense
leads to more efficient systolic and diastolic function
of the heart, together with improved coronary
circulation, and therefore it seems important to
maintain regular physical activity in youth.8

Echocardiographic assessment of cardiac pumping
function and its morphology is essential from the
standpoint of estimating adaptive cardiological
mechanisms in terms of hypertrophy in individuals
exposed to increased physical activity.8,9 Differential
diagnosis between athlete’s heart and hypertrophic
cardiomyopathy is a crucial clinical dilemma.10,11 As
the syndrome of “athlete’s heart” encompasses enlar-
gement and thickening of cardiac muscles, we set the
following objectives:

∙ To determine the prevalence of left ventricular
hypertrophy in children who are athletes.

∙ To illustrate the types of cardiac re-modelling –
eccentric and concentric hypertrophy – in individuals
with left ventricular hypertrophy.

∙ To differentiate between physiological and patho-
logical hypertrophy as seen in many cardiac and
non-cardiac diseases.

∙ To examine the time required for the development
of athlete’s heart and the type and intensity of
sports activities that induce such changes.

Material and methods

This prospective study was conducted in children’s
sports clubs participating in amateur competitions in
northern Kosovo (Kosovska Mitrovica, Gracanica)
and Novi Pazar. Testing was conducted from February
to June 2013 in the echocardiographic cabinet at the
Children’s Clinic of the Medical Faculty in Kosovska
Mitrovica.
Written informed consent was obtained from the

parents of all patients, and the study was approved by
the Institutional Ethics Committee. Our examina-
tions of the patients conformed to good medical and
laboratory practices and the recommendations of the
Declaration of Helsinki on Biomedical Research
Involving Human Subjects.
Criteria for inclusion to the study were as follows:

male sex, aged between 12 and 18 years, active
participation in sports for at least 2 years 5–7 times
a week with no symptoms when under strain, a
negative family medical history of sudden death
before the age of 40, and normal results for
clinical and laboratory blood tests. As the number of
girls who play football, karate, or judo is small,

females were not included in the present study
because we thought that the sample size would
not be adequate. Testing was conducted at the Chil-
dren’s Clinic of the Medical Faculty in Kosovska
Mitrovica.
The following basic anthropometric parameters

were determined for all respondents: body height,
weight, and body surface area. Body mass index was
calculated according to the following formula:12

Bodymass index=Bodyweight kgð Þ=
Body height2 m2ð Þ

Blood pressure was measured using a mercury
sphygmomanometer immediately before the echo-
cardiographic examination. The normal value was
taken as the mean value for blood pressure, determined
in three consecutive measurements at 10-minute
intervals.
Hypertension was defined as blood pressure above

the 95th percentile with respect to age, sex, and
height.13,14

Echocardiographic parameters
All respondents underwent the standard echocardio-
graphic measurements according to the recommenda-
tions of the American Society of Echocardiography.13

The mean value was obtained for three to five con-
secutive cardiac cycles using Philips HD7 (Bothell,
Washington, DC, United States of America, 2008)
and Siemens Acuson Sequoia C512 ultrasound
transducers (4–6Mhz). Left ventricular mass was
measured by two-dimensional, M-mode technique,
according to criteria of the American Society of
Echocardiography. Calculation of left ventricular
mass in M-mode required the following measure-
ments: diastolic diameter of the left ventricle,
posterior wall thickness, and interventricular septum
thickness.
For calculating left ventricular mass, we used

Devereux and Reicheck’s formula, in line with the
American Society of Echocardiography convention:13,14

Lef t ventricularmass: 0:8 ð1:04 ð½LVIDD+PWTD

+ IVSTD�3�½LVIDD� 3ÞÞ+ 0:6g
LVIDD is the left ventricular internal diameter in

diastole; PWTD the posterior wall thickness in dia-
stole; IVSTD the interventricular septum thickness
in diastole.
Left ventricular hypertrophy is defined as a value of

left ventricular mass above the 95th percentile in
relation to age, sex, and height, for which we used the
Muscatine Study.9

For assessment of left ventricular geometry, we
calculated the relative posterior wall thickness
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(relative wall thickness) according to the following
formula:

Relativewall thickness= ðIVSTD+PWTDÞ=LVDD
Relative wall thickness <0.45 is normal.13,14

Respondents who had increased values for left
ventricular mass and relative posterior wall thickness
were defined as having concentric hypertrophy.
Those who had increased values of left ventricular
mass and normal relative posterior wall thickness
were defined as having asymmetric hypertrophic
cardiomyopathy.
For the assessment of systolic function, we measured

the ejection fraction, according to the following formula:

Ejection f raction= ½ðLVDDÞ3�ðLVSDÞ 3=
ðLVDDÞ 3� ´ 100%

Normal values are in the range from 54 to 64%.
Diastolic flow of the mitral valve was determined

using the conventional pulse Doppler on cross-
sections of four cardiac cavities, where maximum
speeds during the phase of rapid diastolic filling
(E wave) and during atrial contraction (A wave) were
measured. The E/A ratio was calculated for each
respondent as a key parameter for the assessment of
diastolic chamber function.13,15

Statistical analysis
All obtained data were systematised and analysed on
a personal computer, using standard statistical pro-
cedures and specialised programmes. During the
analysis, relevant parameters and characteristics
were considered and defined through the research
objectives and the assumed hypotheses. The follow-
ing statistical methods were applied: Student’s
t-test, χ2-test, correlation analysis, and regression/
multi-variate analysis (stepwise).

The level of probability, p< 0.05, which is
necessary and sufficient for making relevant conclu-
sions, was considered statistically significant.

Results

The present study included 100 teenagers taking part
in dynamic sports such as football and basketball and
100 teenagers taking part in different static sports
such as karate and judo. The control group (n= 100)
included healthy teenagers examined during regular
systematic check-ups. They were not participating in
any amateur competitive sports and had similar
characteristics (sex, age, and body surface) as the other
two groups. Average values for anthropometric para-
meters of each group are shown in Table 1. The mean
age of the dynamic sports group was 15±1.5 years, of
the static sports group 15.4±1.6 years, and the control
group 15.2±1.6 years. Parameters such as age, height,
and weight did not differ significantly either between
the sports groups or in comparison with the control
group. Body mass index was lower in the dynamic
sports group compared with the static sports and
control groups (Student’s t-test, p< 0.05).
Heart rate was much higher in the control group

compared with respondents in the dynamic and static
sports groups (Student’s t-test, p< 0.001), where the
average values were similar.
The group of children engaged in static sports had

significantly higher average systolic blood pressure
and diastolic blood pressure when compared with the
dynamic sports and control groups, respectively
(Student’s t-test, p< 0.05), but blood pressure –
systolic and diastolic – did not exceed the 90th–95th
percentile for age, sex, and height.
Table 2 shows the average values of the echo-

cardiographic parameters for each group. The mean
diameter of the left atrium (mm) was significantly
higher in the dynamic sports group than in the static

Table 1. General and anthropometric characteristics of the studied groups.

Parameters
Dynamic sports
(mean± SD)

Static sports
(mean± SD)

Control group
(mean± SD) p1 p2 p3

Length of training 4.1± 1.2 3.9± 1.0 – 0.435 – –

Age 15.0± 1.5 15.4± 1.6 15.2± 1.6 0.098 0.408 0.408
Height (cm) 169.5± 7.8 167.1± 10.0 166.8± 13.0 0.063 0.079 0.079
weight (kg) 59.7± 7.6 60.9± 10.5 59.2± 10.2 0.365 0.698 0.698
Body surface area (m2) 1.7± 0.1 1.7± 0.2 1.7± 0.2 0.910 0.381 0.381
BMI 20.4± 1.8 21.6± 2.0 21.2± 1.4 0.001* 0.002* 0.002*
HR 55.58± 5.88 54.54± 6.69 73.37± 6.83 0.244 0.001* 0.001*
SBP 115.8± 7.4 119.1± 7.6 117.1± 7.0 0.002* 0.213 0.213
DBP 69.9± 5.9 72.4± 9.0 68.4± 0.024* 0.112 0.112

BMI= body mass index; DBP= diastolic blood pressure; HR= heart rate; SBP= systolic blood pressure
1Significant differences, dynamic versus static sports
2Significant differences, dynamic sports versus control group
3Significant differences, static sports versus control group
*Significant difference (p< 0.05)
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sports and control groups (p< 0.05). The average
diameter of the left ventricle in diastole (mm) was
larger in the dynamic group when compared with
the static group and the control group (p< 0.05).
Similarly, between-group differences were observed
for left ventricular systolic diameter (mm), with the
highest value in the dynamic sports group and the
lowest in the control group.
Average values of interventricular septum

thickness (mm) and left ventricular posterior wall
thickness (mm) did not differ significantly between
respondents in the dynamic and static sports groups,
but were significantly higher compared with the
control group (Student’s t-test, p< 0.001).
Left ventricular mass (g) was increased among the

athletes and differed significantly from values of the
control group. Although left ventricular mass was
the highest in the dynamic sports group, the mean
value did not differ significantly from that of the
static sports group. As participants were teenagers
of diverse height and age, left ventricular mass
was indexed according to sex and height by m2,7.
The average value of the left ventricular mass index
(g/m2,7) was significantly higher among respondents
in the static sports group compared with the dynamic
sports and control groups, p< 0.001.
Relying on the defined physiological limits pro-

posed by Sharma et al,7 we compared the dimensions
of the walls and cavity of the left ventricle during
diastole in our respondents. In the dynamic sports
group, two teenagers (2%) had interventricular
septum or posterior wall thickness >11 (max value of
the interventricular Septum 11.4, posterior wall
thickness 11.2mm), whereas 6% of the respondents

had left ventricular diameter in diastole >52mm
(55mm max value). In the static sports group, 3% of
the respondents had interventricular septum and
posterior wall thickness >11 (max value of the
interventricular septum 11.8, posterior wall thick-
ness 11.6), whereas 2% had left ventricular diameter
in diastole >52mm (53mm maximum value). There
were no respondents with wall thicknesses exceeding
12 or 14mm, which Sharma et al7 consider to be the
limit of physiological hypertrophy. None of the
patients in the control group had left ventricular wall
thickness >11mm.
The average relative posterior wall thickness was

significantly higher in the static sports group in
comparison with the dynamic and control groups,
respectively (p< 0.001).
Ejection fraction was within the normal range in

all the studied groups. The average value for ejection
fraction was considerably higher in the dynamic
sports group and differed significantly from those of
the static sports group (p< 0.001) and the control
group (p< 0.001).
Diastolic flow analysis gave mean values for E

wave, A wave, and E/A ratio. Both parameters had
significantly higher average values in the dynamic
sports group compared with the static sports and
control groups (p< 0.001). Respondents in the static
sports group had the lowest average values for E wave
and A wave, which differed significantly from control
group data. The E/A ratios for both sports groups did
not differ significantly from the mean value of the
control group.
We also calculated the number of patients who had

left ventricular mass values above the 95th percentile

Table 2. Descriptive analysis of the echocardiographic parameters.

Parameters
Dynamic sports
(mean± SD)

Static sports
(mean± SD)

Control group
(mean± SD) p1 p2 p3

EF (%) 80.1± 7.2 74.2± 3.9 75.6± 5.2 0.001* 0.036 0.001*
LA (mm) 30.5± 2.4 29.4± 4.1 29.8± 3.0 0.022* 0.062 0.453
LVDD (mm) 49.8± 3.3 46.3± 5.4 45.0± 2.8 0.001* 0.001* 0.044*
LVSD (mm) 31.6± 3.0 26.6± 3.4 28.0± 2.9 0.001* 0.001* 0.001*
IVSD (mm) 9.0± 1.2 9.1± 1.7 7.3± 1.1 0.882 0.001* 0.001*
PWT (mm) 8.6± 1.0 8.9± 1.6 7.0± 1.1 0.118 0.001* 0.001*
LVM (g) 154.6± 35.2 148.1± 57.0 99.7± 28.4 0.331 0.001* 0.001*
LVMI (g/m2,7) 36.9± 7.3 41.6± 11.7 24.8± 5.0 0.001* 0.001* 0.001*
RWT (mm) 0.35± 0.01 0.43± 0.01 0.30± 0.01 0.001* 0.001* 0.001*
E wave (cm/s) 1.25± 0.10 1.17± 0.13 1.23± 0.10 0.001* 0.146 0.001*
A wave (cm/s) 0.93± 0.09 0.90± 0.09 0.95± 0.07 0.004* 0.101 0.001*
E/A ratio 1.35± 0.11 1.33± 0.13 1.34± 0.10 0.127 0.345 0.461

EF= ejection fraction; IVSD= interventricular septum in diastole; LA= left atrium; LVDD= left ventricular diameter in diastole; LVM= left ven-
tricular mass; LVMI= left ventricular mass index; PWT= posterior wall thickness; RWT= relative wall thickness; E wave= E-peak early-diastolic
velocity; A wave=A-peak late-diastolic velocity; LVSD= left ventricular in systolic diameter
1Significant differences, dynamic versus static sports
2Significant differences, dynamic sports versus control group
3Significant differences, static sports versus control group
*Significant difference (p< 0.05)
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for age, sex, and height. In the dynamic sports group,
29% of the respondents had left ventricular mass
index values above the 95th percentile, whereas 37%
of the teenagers engaged in static sports had left
ventricular mass above the 95th percentile. In the
control group, only 2% of the respondents had left
ventricular mass above the 95 percentile (χ2-test,
p= 0.009< 0.05).
When there was left ventricular hypertrophy, in

the dynamic sports group, cardiac re-modelling was
eccentric with a very high probability (79.4% of
cases, χ2-test, p< 0.0001). In the static sports group,
the incidence of both concentric and eccentric types
of re-modelling was equally manifest (45.95 versus
54.05% of the cases, χ2-test, p< 0.257> 0.05)
(Table 3).
In further analyses, we compared the average

values of the anamnestic–anthropometric parameters
of the sports groups with mean values for left
ventricular mass hypertrophy (Table 4). Significant
differences were found in terms of age and length of
training in both sports groups. All other parameters
were similar, regardless of the phenomenon of
hypertrophy. It was concluded that an average age of
14.5 to 14.8 years and average length of training
from 3.7 to 3.9 years are threshold values, indicating
that there is a significant probability for the onset of

left ventricular mass hypertrophy for those engaged
in both dynamic and static sports. Using receiver
operating characteristic (ROC) analysis, it was con-
firmed that the cut-off value for left ventricular mass
hypertrophy in our sample of teenagers was 3.8 years
of training and an average age of 14.6 years, regard-
less of the type of sport.

Discussion

Data on echocardiographic characteristics that define
athlete’s heart are limited mainly to adults, with
little information related to teenagers, who have the
highest risk of sudden death due to hypertrophic
cardiomyopathy.8,16,17 Reference values for the
dimensions of walls and hollow chambers were
determined on the basis of findings in adult athletes
and should not be explicitly applied to younger ath-
letes who are less physically mature and exposed to a
shorter period of intense training.2,8,9,16

By studying equivalent groups of teenagers, we
found that left ventricular mass >95th percentile
occurred in 29% of those engaged in dynamic sports
and in 37% of those engaged in static sports such as
judo and wrestling. The left ventricular mass index
was significantly higher in patients engaged in static
sports than in those participating in dynamic sports,

Table 3. Distribution of types of cardiac re-modelling by groups with left ventricular mass >95th percentile.

Dynamic sports Static sports Control group

Types of cardiac re-modelling n % n % n %

Concentric LVH 8 27.6 20 54.05 1 50.0
Eccentric LVH 21 79.4% 17 45.95 1 50.0
Total 29 100.0 37 100.0 2 100.0

LVH= left ventricular hypertrophy

Table 4. Comparison of the anamnestic–anthropometric parameters of basic sports groups in relation to the occurrence of hypertrophy of the
left ventricular mass.

Dynamic sports Static sports

LVM> 95th LVM⩽ 95th LVM> 95th LVM⩽ 95th

Parameters Mean SD Mean SD p Mean SD Mean SD p

Age 14.8 1.6 16.3 1.0 0.001* 14.5 1.2 16.3 1.2 0.001*
Years of training 3.7 0.9 4.3 1.0 0.007* 3.9 1.1 4.6 1.2 0.007*
SBP 118.9 8.1 119.4 6.7 0.335 116.3 7.0 114.7 8.2 0.751
DBP 72.6 8.7 71.9 9.5 0.547 70.2 5.5 69.4 6.8 0.713
Height (cm) 166.2 11.2 168.6 7.3 0.312 168.9 6.7 170.7 10.0 0.232
Weight (kg) 60.5 11.3 61.5 9.1 0.401 59.3 7.0 60.7 9.1 0.655
Body mass index (kg/m2) 21.7 2.0 21.5 2.1 0.600 20.5 1.7 20.3 2.0 0.707

LVM= left ventricular mass; DBP= diastolic blood pressure; SBP= systolic blood pressure
*Significant difference (p< 0.05)
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although the mean value for left ventricular mass was
the highest in the dynamic sports group. This might
be explained by the lower body mass index of
respondents from the dynamic sports group, because
the basketball players were generally taller than the
wrestlers and judokas – that is, judo practitioners.
An unexpected observation in our study was that

the frequency of eccentric and concentric left ven-
tricular re-modelling was equal (54.05 versus
45.95%) in the static sports group of respondents
who had left ventricular mass >95th percentile. This
differs from other studies where the incidence of
concentric hypertrophy was significantly higher in
athletes engaged in static sports. It is well known that
the characteristic morphological adaptive changes for
athlete’s heart differ according to different types of
physical exercises. For continuous dynamic exercise
characterised by rhythmic isotonic contractions of
large muscle groups leading to visible movements in
space, the muscles act as a pump returning blood to
the heart. This burdens it greatly by the enhanced
blood flow, and thus the most striking finding is
increased cardiac volume with consequent augmen-
tation in wall thickness. Unlike dynamic sports, sta-
tic sports are characterised by extended isometric
muscle contractions of high intensity, which results
in significant elevation of mean arterial pressure, due
to the pressure of contracted muscles on blood vessel
walls. This burdens the heart by pressure within the
circulatory system, with subsequent increased thick-
ness of the heart walls, but is not accompanied by
greater diameter of the heart chambers.10,11,15

Ajabakan et al17 examined 22 young swimmers
aged 11.01± 09 years, whose average length of
training was 3.9 years, and found concentric left
ventricular hypertrophy. This differs from the data
for adult swimmers. The authors suggested that car-
diac adaptation of young athletes may be different
from that of adults.17

Manolas et al18 monitored the echocardiographic
parameters of 23 athletes aged 9–20 years and
a control group of their peers and observed that
they altered depending on age. The increase in left
ventricular mass was the highest among 11- to
12-year-old children, whereas augmentation of
the left ventricular wall was prominent in those aged
13–14 years, and the greatest increase in left ventri-
cular diameter occurred at 15–16 years of age.18

Our results can be partly explained by the afore-
mentioned studies, and also because games such as
basketball and football are highly dynamic and
moderately static team sports, whereas judo and
wrestling are moderately static and dynamically low.
Relative wall thickness is one of the most impor-

tant parameters in sports cardiology for distinguish-
ing between concentric and eccentric re-modelling.

In our respondents, the relative wall thickness
(in all groups) was within normal limits, which is
another important diagnostic parameter differentiat-
ing between adaptative changes to physical exertion
and hypertrophic cardiomyopathy as a pathological
condition.19–22

Many authors have studied ejection fraction in
various kinds of sports. They found that the high
values of ejection fraction were explained by left
ventricular hypertrophy in power focussed-type ath-
letes, whereas in the case of endurance-type athletes
this was explained by the Frank–Starling law (23.7).
In our study, we found that ejection fraction
was preserved in all groups and was significantly
improved in the dynamic sports group.
Diastolic function and the ability of the heart to be

filled with blood generally remains unchanged in
athletes when compared with the sedentary popula-
tion. This is very important in distinguishing
athlete’s heart from different pathological conditions,
which are almost always manifested through dis-
orders of these functions. The speed ratio of early and
late filling of the left ventricle must be greater than
unity (E/A ratio), and this has been proved to be the
strongest independent predictor of overall functional
capacity of the heart.23–25

Analysis of diastolic flow is given through the
mean values for E wave, A wave, and E/A ratio.
Through echocardiography, Devereux13 detected left
ventricular diastolic dysfunction in patients with
primary hypertrophic cardiomyopathy, but not in
athletes. In our investigation, the mean values for E/A
ratio were similar in the tested and control groups.
Tissue Doppler can be used for the assessment of
diastolic function and is certainly a superior method
to Pulse Doppler. We suggest that examination with
tissue Doppler and other modern imaging techniques
such as strain rate test and MRI should be performed
once there is proven left ventricular mass hypertrophy
exceeding the physiological limits, whereas assess-
ment of diastolic dysfunction with Tissue Doppler
can be crucial for the diagnosis of hypertrophy.26–28

Conclusion

Echocardiographic parameters show that hyper-
trophy and cardiac re-modelling are present in
teenagers who take part in sports. In this regard,
our results indicate that left ventricular eccentric
hypertrophy develops in response to both overload
regimens. It is very important that health disorders in
young athletes are detected at the beginning of their
sports activities, because a large number of them may
be exacerbated by the activity – some guarantee very
poor sports results and some may lead to sudden
death. There is no doubt that echocardiography is
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of great importance in differentiating between phy-
siological and pathological hypertrophy, and thus
may prevent sudden cardiac death in athletes. On the
other hand, there are many limitations to its routine
use, primarily because of the large number of athletes,
the relatively low prevalence of sudden cardiac death,
and the resulting cost–benefit ratio.
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