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present study was to compare structural and functional characteristics of the LV in
adolescent male soccer players (SP) and healthy non-athletes after puberty using
echocardiography (echo).

Methods: The present study was a “causal-comparative” study. Forty-six adolescent
male SP from the Khorramabad city junior soccer league in the 2025-2026 season
and 20 healthy non-athletic adolescent boys participated in the study, who were
selected through simple random sampling. The variables were measured using
echocardiography at rest. The data were analyzed using an independent t-test
(P<0.05).

Results: The results showed that in the experimental group (EG) than in the control
group CG, resting heart rate (RTr) (P=0.001) and absolute and relative wall thickness
(RWT) (P=0.001, P=0.001, respectively) were significantly lower. In the EG
compared to the CG, absolute and relative, left ventricular mass (LVM) (P = 0.000,
P =0.000, respectively), left ventricular end-diastolic diameter (LVEDd) (P=0.001,
P =0.001, respectively), left ventricular end-diastolic volume (LVEDV) (P = 0.001,
P =0.001, respectively), left ventricular end-systolic volume (LVESV) (P=0.013,
P=0.001, respectively) and stroke volume (SV) (P =0.001, P =0.001, respectively)
and absolute left ventricular end-systolic diameter (LVESd) (P =0.006) and
shortening fraction (SF) (P =0.017) were significantly higher.

Conclusion: In conclusion, the findings of the present study showed that LV changes

Soccer player, in adolescent male SP are more aerobic in nature than in healthy non-athletic
Adolescent, adolescent boys, and these adaptations in the LV of adolescent male SP may depend
Echocardiography. on the type, volume, and intensity of training.
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Extended Abstract

Introduction

Adolescence is a critical developmental period during which the cardiovascular system undergoes significant structural
and functional changes. Regular physical training, particularly endurance-based and intermittent sports such as soccer,
has been shown to induce physiological cardiac adaptations commonly referred to as the “athlete’s heart.” These
adaptations include changes in left ventricular (LV) size, wall thickness, and functional performance, which reflect the
heart’s response to chronic exercise-induced hemodynamic stress. The left ventricle plays a central role in cardiac
performance, as it is responsible for pumping oxygenated blood to the systemic circulation. Structural parameters such as
left ventricular mass (LVM), end-diastolic diameter (LVEDd), end-systolic diameter (LVESd), and wall thickness, along
with functional indices such as stroke volume (SV), ejection-related indices, and fractional shortening, are commonly
used to evaluate cardiac remodeling. Echocardiography provides a non-invasive and reliable method for assessing these
parameters in both athletic and non-athletic populations. Previous research has reported conflicting findings regarding the
extent and nature of left ventricular adaptations in adolescent athletes. Some studies suggest that intensive endurance
training leads to physiological hypertrophy characterized by increased chamber dimensions and preserved or enhanced
systolic function, whereas other studies have reported minimal or no significant structural differences compared to non-
athletes. These inconsistencies may be due to differences in age, maturation status, training load, sport type, and
methodological variations across studies. Soccer is a complex sport that combines aerobic and anaerobic demands,
repeated sprint activity, and dynamic changes in intensity. Therefore, it is considered a mixed-modality sport that can
induce both volume and pressure overload on the heart. However, limited research has specifically examined cardiac
adaptations in post-pubertal adolescent male soccer players compared with healthy non-athletes using standardized
echocardiographic assessment. Given the importance of understanding physiological cardiac remodeling during
adolescence, the present study aimed to compare structural and functional characteristics of the left ventricle in post-
pubertal adolescent male soccer players and healthy non-athletic peers. The study also sought to clarify whether long-
term soccer training is associated with specific patterns of cardiac adaptation and to contribute to the ongoing debate
regarding physiological versus pathological cardiac remodeling in young athletes.

Methods

The present study was a “causal-comparative” study. Forty-six adolescent male SP from the Khorramabad city junior
soccer league in the 2025-2026 season and 20 healthy non-athletic adolescent boys participated in the study, who were
selected through simple random sampling. The variables were measured using echocardiography at rest. The data were
analyzed using an independent t-test (P<0.05).

Results

The results showed that in the experimental group (EG) than in the control group CG, resting heart rate (RTr) (P=0.001)
and absolute and relative wall thickness (RWT) (P=0.001, P=0.001, respectively) were significantly lower. In the EG
compared to the CG, absolute and relative, left ventricular mass (LVM) (P = 0.000, P = 0.000, respectively), left
ventricular end-diastolic diameter (LVEDd) (P=0.001, P =0.001, respectively), left ventricular end-diastolic volume
(LVEDV) (P = 0.001, P = 0.001, respectively), left ventricular end-systolic volume (LVESV) (P=0.013, P=0.001,
respectively) and stroke volume (SV) (P =0.001, P =0.001, respectively) and absolute left ventricular end-systolic
diameter (LVESd) (P =0.006) and shortening fraction (SF) (P =0.017) were significantly higher.

Conclusion

The present study demonstrated significant differences in left ventricular structure and function between post-pubertal
adolescent male soccer players and healthy non-athletes. The findings revealed that soccer players exhibited lower resting
heart rate and relative wall thickness, alongside increased left ventricular mass, chamber dimensions, and stroke volume.
These results indicate that regular soccer training during adolescence is associated with distinct cardiac adaptations. The
observed changes in left ventricular morphology and function suggest a pattern of physiological cardiac remodeling
consistent with the concept of the “athlete’s heart.” In particular, the increase in ventricular dimensions and stroke volume,
combined with preserved functional indices such as fractional shortening, reflects enhanced cardiac efficiency and
improved hemodynamic performance in response to chronic training stimuli. The results of this study support the notion
that the cardiovascular adaptations in adolescent soccer players are predominantly aerobic in nature. This may be
attributed to the repeated endurance demands of soccer training and competition, which impose sustained volume
overload on the left ventricle. Such adaptations are generally considered beneficial and represent normal physiological
responses to regular intensive exercise rather than pathological alterations. However, the degree of cardiac remodeling
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may vary depending on several factors, including training intensity, frequency, duration, and individual biological
variability. Therefore, the findings of this study highlight the importance of considering sport-specific and developmental
factors when interpreting echocardiographic differences in young athletes. From a practical perspective, these results may
be useful for sports physicians, cardiologists, and trainers in distinguishing physiological cardiac adaptation from potential
pathological conditions. Early and accurate identification of normal athletic remodeling is essential to avoid misdiagnosis
and unnecessary restrictions in young athletes. In conclusion, post-pubertal adolescent male soccer players demonstrate
favorable structural and functional adaptations of the left ventricle compared with non-athletic peers. These adaptations
reflect the impact of long-term soccer training on cardiovascular development and underscore the importance of regular
physical activity during adolescence for promoting cardiac health.
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