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PHYSIOLOGICAL CHANGES IN THE HEART IN 
ATHLETES OF DIFFERENT SPORTS

Yoldasheva Roila Jumaevna
Senior Lecturer, Department of Physiology, Karshi State University
ORCID: 0009-0001-0638-5250 
Email: rohila_yoldosheva69@mail.ru 

Annotatsiya. This article analyzes the physiological changes occurring in the heart of athletes engaged in various types 
of sports activities. Depending on the nature, intensity, and duration of physical load, structural and functional adaptations 
in the cardiovascular system are observed. The paper discusses the concept of the “athlete’s heart,” types of cardiac 
remodeling in endurance and strength sports, and the mechanisms of adaptation at the cellular and systemic levels. 
Special attention is paid to the morphological differences in the myocardium, cardiac output, stroke volume, and heart 
rate in athletes of aerobic and anaerobic disciplines. The study highlights the importance of distinguishing physiological 
cardiac hypertrophy from pathological changes and underscores the role of regular medical monitoring in maintaining 
athletes’ cardiovascular health.

Kalit so‘zlar: athlete’s heart, cardiac hypertrophy, endurance sports, strength sports, cardiovascular adaptation, stroke 
volume, cardiac output.
Abstract. Ushbu maqolada turli xil sport turlari bilan shug‘ullanadigan sportchilarda yuzaga keladigan fiziologik 
o‘zgarishlar tahlil qilinadi. Jismoniy yuklamaning tabiati, intensivligi va davomiyligiga qarab, yurak-qon tomir tizimida 
strukturaviy va funksional moslashuvlar kuzatiladi. Maqolada “sportchining yuragi” tushunchasi, chidamlilik va kuch 
sporti bilan shug‘ullanish jarayonida yurakning qayta qurilishi hamda uyali va tizimli darajadagi moslashish mexanizmlari 
yoritiladi. Aerob va anaerob yo‘nalishlarda faoliyat yurituvchi sportchilarda miyokard holati, yurak chiqishi, insult hajmi va 
yurak urish tezligidagi morfologik farqlarga alohida e’tibor qaratiladi. Tadqiqot fiziologik yurak gipertrofiyasini patologik 
o‘zgarishlardan ajratish zarurligini ko‘rsatadi va sportchilarning yurak-qon tomir sog‘lig‘ini saqlashda muntazam tibbiy 
kuzatuvning ahamiyatini ta’kidlaydi.

Keywords: sportchining yuragi, yurak gipertrofiyasi, chidamlilik sporti, kuch sporti, yurak-qon tomir moslashuvi, insult 
hajmi, yurak chiqishi.
Аннотация. В данной статье анализируются физиологические изменения, происходящие в сердце спортсменов, 
занимающихся различными видами спорта. В зависимости от характера, интенсивности и продолжительности 
физической нагрузки наблюдаются структурные и функциональные изменения в сердечно-сосудистой системе. 
В статье обсуждается понятие “сердце спортсмена”, типы ремоделирования сердца в видах спорта на 
выносливость и силовых видах спорта, а также механизмы адаптации на клеточном и системном уровнях. Особое 
внимание уделяется морфологическим различиям в миокарде, сердечному выбросу, ударному объему и частоте 
сердечных сокращений у спортсменов аэробных и анаэробных дисциплин. Исследование подчеркивает важность 
отличения физиологической гипертрофии сердца от патологических изменений и подчеркивает роль регулярного 
медицинского мониторинга в поддержании здоровья сердечно-сосудистой системы спортсменов.

Ключевые слова: сердце спортсмена, гипертрофия сердца, виды спорта на выносливость, силовые виды спорта, 
адаптация сердечно-сосудистой системы, ударный объем, сердечный выброс.

I N T R O D U C T I O N
Physical activity, especially when performed regularly and intensively, produces profound effects on the 

human cardiovascular system. Among all body organs, the heart demonstrates the most remarkable adaptability 
to exercise. These adaptive responses are collectively known as physiological cardiac remodeling or the 
athlete’s heart. They include changes in heart size, wall thickness, chamber volume, and functional capacity.

The degree and type of these changes largely depend on the nature of the sport, the intensity and duration 
of training, and the specific physiological demands placed on the body. For example, endurance athletes such 
as long-distance runners or swimmers develop different cardiac characteristics compared to strength athletes 
like weightlifters or wrestlers.



M U H A N D I S L I K  VA  I Q T I S O D I Y O T

187

2025-yil, oktyabr.

Understanding the physiological changes in the heart among athletes of different sports is essential for 
several reasons. Firstly, it helps distinguish normal adaptive remodeling from pathological conditions such as 
cardiomyopathy. Secondly, it allows coaches and sports physicians to design training programs that optimize 
performance while maintaining cardiac health. Lastly, this knowledge plays a vital role in sports medicine by 
aiding early detection of potential cardiovascular abnormalities.

This article aims to analyze the physiological mechanisms of cardiac adaptation in athletes, compare the 
structural and functional changes observed across various types of sports, and highlight the clinical importance 
of differentiating physiological from pathological cardiac hypertrophy.

R E V I E W  O F  L I T E R A T U R E  O N  T H E  S U B J E C T
Physiological cardiac adaptations in athletes have been extensively examined within sports cardiology, 

particularly through the foundational work of B.J. Morganroth, who introduced the classification of sport-
specific cardiac remodeling. His findings show that endurance athletes typically develop eccentric hypertrophy 
characterized by increased left ventricular cavity size, while strength athletes demonstrate concentric 
hypertrophy with thicker ventricular walls but without chamber dilation. This distinction later became a central 
model for interpreting sport-dependent cardiac changes.

S. Pelliccia expanded these insights through large-scale echocardiographic studies of elite athletes, 
demonstrating that endurance sports lead to significant increases in left ventricular end-diastolic volume and 
stroke volume, representing a highly efficient cardiovascular adaptation. His analyses confirm that these 
changes remain physiological and reversible, differentiating them from pathological hypertrophy.

Research by A. Sharma further refined diagnostic criteria for the “athlete’s heart,” emphasizing the 
importance of differentiating physiological remodeling from early cardiomyopathy. Sharma’s work highlights 
that long-term endurance training elevates vagal tone, reduces resting heart rate, and increases diastolic filling 
capacity, allowing athletes to sustain higher workloads with reduced myocardial oxygen consumption.

Studies by P. George and colleagues provided additional evidence that strength-trained athletes display 
increased ventricular wall thickness without a proportional rise in chamber volume, reflecting pressure-overload 
physiology. These adaptations enhance the heart’s ability to generate maximal force during short-duration, 
high-intensity exertion.

Contemporary insights from A. La Gerche reveal that prolonged endurance exercise may acutely increase 
right ventricular wall stress, leading to transient reductions in right ventricular function. His work underscores 
that endurance exercise places disproportionate stress on the right heart, offering an updated perspective on 
chamber-specific cardiac responses.

Further contributions by H. Heinzel demonstrate that sport-specific training modifies myocardial calcium 
handling and enhances diastolic relaxation, improving global cardiac efficiency. These molecular adaptations 
reinforce the distinction between physiological and pathological hypertrophy in athlete populations.

Collectively, existing literature confirms that cardiac remodeling in athletes is highly sport-dependent, 
reflecting the interplay between volume-load and pressure-load stimuli, while remaining functionally 
advantageous and typically reversible with detraining.

A N A LY S I S  A N D  R E S U LT S
The term “athlete’s heart” refers to the group of structural and functional adaptations that occur in the 

heart as a response to long-term and intensive physical training. These changes are considered physiological, 
meaning they are normal, beneficial, and reversible when training intensity decreases. The main purpose of 
these adaptations is to enhance the heart’s ability to supply oxygenated blood efficiently to working muscles 
during exercise.

In athletes, the heart gradually adapts to the increased demands of training by undergoing hypertrophy (an 
increase in muscle mass) and dilatation (enlargement of the chambers). This results in a higher stroke volume 
and cardiac output, allowing the cardiovascular system to maintain oxygen delivery with less effort. As a result, 
athletes typically have a lower resting heart rate (bradycardia) and greater cardiac efficiency than non-athletes.

Two main forms of cardiac remodeling are recognized in sports physiology:
Eccentric Hypertrophy: Observed mainly in endurance athletes such as runners, cyclists, and swimmers. 

In this form, both the heart walls and the internal cavity of the left ventricle enlarge. The volume of blood 
pumped per beat increases, improving the body’s capacity for sustained aerobic activity.

Common in strength or power athletes such as weightlifters, wrestlers, or sprinters. Here, the heart walls 
become thicker without significant enlargement of the cavity. This adaptation helps the heart generate high 
pressure to overcome resistance during intense, short-term effort.
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These remodeling processes are adaptive rather than harmful. Unlike pathological hypertrophy caused 
by conditions such as hypertension or heart disease, the athlete’s heart maintains normal diastolic function, 
symmetrical wall thickening, and no fibrosis or arrhythmia. Furthermore, when the athlete reduces training load 
or stops exercising, the heart gradually returns to its original size and function, demonstrating the reversible 
nature of these changes.

In summary, the athlete’s heart represents a natural and healthy response of the cardiovascular system 
to repeated physical stress. It reflects the remarkable ability of the human body to adapt to different forms of 
physical activity, ensuring improved efficiency, endurance, and performance.

The human heart adapts differently depending on the type, intensity, and duration of physical training. 
These adaptations—collectively called cardiac remodeling—represent structural and functional changes that 
allow the heart to meet the specific energy demands of different sports. The pattern of remodeling primarily 
depends on whether the sport involves dynamic (endurance) or static (strength) exercise, or a combination of 
both.

Cardiac remodeling can be classified into three main types according to the dominant form of physical load:
Athletes involved in endurance sports perform prolonged aerobic exercise that places a volume load on 

the heart. During such activities, the heart must pump large amounts of blood over extended periods to deliver 
oxygen to active muscles.

Type of remodeling: Eccentric hypertrophy. Structural features: Enlargement of the left ventricular cavity 
with a proportional increase in wall thickness.

Functional effects. Increased stroke volume (amount of blood pumped per beat). Enhanced cardiac output 
during exercise. Lower resting heart rate (bradycardia) due to increased vagal tone. Improved diastolic filling 
and oxygen transport efficiency.

This type of remodeling enables the heart to sustain prolonged workloads efficiently without compromising 
diastolic function.

In strength and power disciplines, athletes perform short-duration, high-intensity exercises that create 
pressure overload on the heart. This occurs because isometric muscle contractions elevate blood pressure, 
requiring the heart to pump against higher resistance.

Unlike pathological hypertrophy seen in hypertension, this adaptation preserves normal cardiac function 
and is fully reversible after the cessation of intense training.

These sports combine both aerobic and anaerobic demands—periods of sustained activity interspersed 
with bursts of high intensity. As a result, athletes in mixed sports exhibit a combination of both eccentric and 
concentric remodeling (Table 1).

Table 1. Summary of Cardiac Remodeling Patterns

Type of Sport Dominant Load Remodeling Type Main Structural 
Change

Key Functional 
Adaptation

Endurance (e.g., 
running, cycling)

Volume load 
(aerobic)

Eccentric 
hypertrophy

Enlarged chambers, 
proportional wall 
thickening

Increased stroke 
volume, reduced 
heart rate

Strength (e.g., 
weightlifting)

Pressure load 
(anaerobic)

Concentric 
hypertrophy

Thickened ventricular 
walls

Enhanced pressure 
tolerance

Mixed (e.g., football, 
basketball) Combined load Balanced 

remodeling
Moderate enlargement 
and thickening

Improved overall 
cardiac efficiency

The type of cardiac remodeling in athletes depends on the nature of their training. Endurance sports lead to 
eccentric adaptations for high-volume output, strength sports result in concentric adaptations for high-pressure 
resistance, and mixed sports produce intermediate changes combining both mechanisms. Recognizing these 
distinctions is crucial for sports medicine specialists and cardiologists to assess an athlete’s heart health 
accurately and distinguish physiological adaptations from potential pathologies.

The physiological remodeling of the athlete’s heart is not limited to structural changes; it also involves 
a range of functional adaptations that enhance the heart’s efficiency and performance. These adaptations 
enable the cardiovascular system to meet the increased metabolic demands of training and competition while 
maintaining normal physiological balance. The functional improvements reflect the body’s ability to optimize 
oxygen delivery, cardiac output, and circulatory stability during both rest and exercise.

One of the most prominent functional adaptations in athletes is the increase in stroke volume, which is 
the amount of blood ejected by the left ventricle with each heartbeat. Due to the enlargement of the ventricular 
chamber (particularly in endurance athletes) and enhanced myocardial contractility, the heart can pump more 
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blood per beat. This adaptation allows the athlete to maintain adequate cardiac output with fewer heartbeats, 
improving cardiovascular efficiency and endurance capacity.

Athletes typically exhibit resting bradycardia, with heart rates often ranging between 40–60 beats per 
minute or even lower in elite endurance performers. 

As a result, the heart requires fewer contractions to deliver sufficient oxygen and nutrients to tissues at 
rest, conserving energy and prolonging cardiac health.

During physical exertion, an athlete’s heart can significantly increase its cardiac output—the total volume of 
blood pumped by the heart per minute. In trained individuals, cardiac output can reach 25–40 liters per minute, 
compared to 15–20 liters per minute in untrained individuals. This improvement results from the combined 
effects of a higher stroke volume and the heart’s ability to increase rate effectively during exercise.

Regular training leads to better diastolic function, meaning the ventricles fill more efficiently during the 
relaxation phase. The myocardial walls become more compliant, and venous return increases due to stronger 
skeletal muscle and respiratory pumps. This adaptation supports a higher end-diastolic volume, contributing to 
the increased stroke volume and endurance capacity.

Athletic training improves myocardial metabolism by increasing the number and efficiency of mitochondria 
within cardiac cells. The myocardium uses oxygen more effectively and produces energy (ATP) at a higher 
rate. Additionally, improved coronary circulation ensures that the heart muscle receives sufficient oxygen even 
during intense workloads.

Chronic exercise stimulates angiogenesis—the formation of new capillaries in the myocardium and skeletal 
muscles. This increases capillary density, enhancing oxygen and nutrient delivery while improving the removal 
of metabolic waste products. The heart also develops greater coronary reserve capacity, allowing for rapid 
adjustments in blood flow when physical demand increases.

The balance between the sympathetic and parasympathetic nervous systems shifts toward parasympathetic 
dominance in trained athletes. This change not only contributes to bradycardia but also enhances heart rate 
variability (HRV)—a marker of cardiovascular resilience and recovery. The improved autonomic regulation 
provides more stable blood pressure control and efficient circulatory response during exercise and rest.

Due to enhanced contractile efficiency, the athlete’s heart requires less oxygen at rest to maintain normal 
cardiac function. The combination of a reduced heart rate and increased stroke volume minimizes myocardial 
workload, contributing to long-term cardiovascular protection.

On a cellular level, the athlete’s heart shows an increase in cardiomyocyte size, improved mitochondrial 
density, and enhanced oxidative enzyme activity. The balance between anabolic and catabolic processes 
favors tissue growth and repair. Additionally, the upregulation of nitric oxide and endothelial function contributes 
to improved vascular compliance and oxygen delivery.

The physiological adaptations observed in the athlete’s heart are underpinned by complex molecular 
and cellular mechanisms that enable the myocardium to function more efficiently under increased workloads. 
These mechanisms involve structural remodeling of cardiac cells, enhanced energy metabolism, improved 
vascularization, and fine-tuned gene expression. Together, they ensure that the heart adapts safely and 
reversibly to the demands of long-term training without progressing toward pathological hypertrophy.

At the cellular level, one of the most significant changes in the athlete’s heart is the hypertrophy of 
cardiomyocytes—the muscle cells of the heart.

•	 In endurance athletes, cardiomyocytes elongate, leading to eccentric hypertrophy, which increases 
chamber size and volume capacity.

•	 In strength-trained athletes, cardiomyocytes thicken, resulting in concentric hypertrophy, which 
strengthens the ventricular walls to withstand high pressures.

These changes occur symmetrically and are accompanied by normal cell organization, preserved 
mitochondrial function, and balanced collagen synthesis—unlike in pathological hypertrophy, where fibrosis 
and disarray often occur.

Regular aerobic training stimulates mitochondrial biogenesis in cardiac cells, driven by activation of 
signaling pathways such as PGC-1α (Peroxisome proliferator-activated receptor gamma coactivator 1-alpha) 
and AMPK (AMP-activated protein kinase).

•	 This results in a higher number and size of mitochondria within cardiomyocytes.
•	 Mitochondria enhance oxidative phosphorylation, allowing more efficient ATP production from oxygen 

and fatty acids.
•	 The improved energy supply supports sustained contractions and rapid recovery between heartbeats.
As a result, the athlete’s heart demonstrates greater aerobic efficiency and resistance to fatigue during 

prolonged exercise.
Chronic physical training promotes angiogenesis, or the formation of new blood vessels, within the 

myocardium. This process is mediated by molecules such as VEGF (Vascular Endothelial Growth Factor) and 
NO (Nitric Oxide).
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•	 Increased capillary density ensures better oxygen delivery and nutrient exchange between blood and 
heart tissue.

•	 Enhanced coronary blood flow improves myocardial perfusion, even during maximal effort.
These vascular adaptations protect the myocardium from ischemia (oxygen deficiency) and enhance its 

endurance during sustained workloads.
Nitric oxide (NO) plays a crucial role in regulating vascular tone and cardiac performance. Training increases 

the activity of endothelial nitric oxide synthase (eNOS), leading to greater NO production.
•	 NO causes vasodilation, improving blood flow through coronary and peripheral vessels.
•	 It also reduces vascular resistance and contributes to lower resting blood pressure in trained individuals.
•	 Furthermore, NO exhibits antioxidant and anti-inflammatory effects, helping to maintain healthy 

endothelium and prevent vascular disease.
Exercise influences the expression of genes responsible for cardiac growth, metabolism, and stress 

response.
•	 Genes regulating contractile proteins (such as α-myosin heavy chain) are upregulated, improving 

myocardial contractility.
•	 Anti-apoptotic and cell survival pathways (e.g., Akt, mTOR, and IGF-1 signaling) become more active, 

supporting healthy cardiac growth.
•	 Stress-related genes (such as ANP and BNP) remain at normal levels in physiological hypertrophy, 

distinguishing it from pathological states where they are overexpressed.
Thus, exercise-induced hypertrophy represents a controlled and beneficial form of cellular growth guided 

by balanced genetic regulation.
One of the challenges in sports cardiology is differentiating between normal adaptations and early signs 

of cardiovascular disease. Physiological hypertrophy is symmetric, with preserved diastolic function and 
normal fibrosis levels. In contrast, pathological hypertrophy (as seen in hypertension or cardiomyopathy) is 
often asymmetric and accompanied by diastolic dysfunction or arrhythmias. Echocardiography, MRI, and ECG 
testing are essential for accurate diagnosis and monitoring.

One of the most important challenges in sports cardiology is differentiating physiological (athlete’s) 
cardiac hypertrophy from pathological hypertrophy, which occurs as a result of cardiovascular diseases such 
as hypertension or hypertrophic cardiomyopathy. Although both conditions involve an increase in the size or 
thickness of the heart muscle, their causes, characteristics, and health outcomes are fundamentally different. 
Understanding these distinctions is essential to ensure athletes’ safety and to prevent the misinterpretation of 
adaptive cardiac changes as disease.

Studies indicate that endurance athletes tend to have larger left ventricular end-diastolic volumes and 
higher compliance, while strength athletes display increased wall thickness and mass. The duration and 
intensity of training directly influence the degree of remodeling. Overtraining or excessive load without proper 
recovery can lead to maladaptive changes and increased cardiac risk.

The nature of the sport and the intensity, duration, and frequency of training play a decisive role in shaping 
the type and extent of cardiovascular adaptations in athletes. Each sport places unique demands on the heart 
and circulatory system—some emphasizing endurance and sustained oxygen delivery, others focusing on 
strength, speed, or short bursts of power. Consequently, the type of sport determines whether the athlete’s 
heart develops eccentric or concentric hypertrophy, while training intensity governs the degree of remodeling 
and overall cardiac performance.

Different sports require specific physiological capacities, leading to characteristic patterns of cardiac 
adaptation.

The intensity and volume of training significantly affect the extent of cardiac remodeling and function.
Regular cardiovascular screening is crucial for athletes to ensure their adaptations remain within healthy 

physiological limits. Medical examinations should include ECG, echocardiography, and stress testing to identify 
potential abnormalities. Early detection of pathological changes allows timely intervention, preventing severe 
cardiac complications.

Understanding the physiological adaptations of the athlete’s heart and their clinical implications is essential 
for ensuring the safety, health, and performance of athletes. While the structural and functional changes in the 
athlete’s heart are generally beneficial and reversible, distinguishing them from pathological conditions requires 
careful medical evaluation and continuous monitoring. Proper assessment helps prevent misdiagnosis, reduces 
the risk of cardiac complications, and guides appropriate training and recovery strategies.

Regular cardiovascular monitoring allows early detection of abnormalities and ensures that the athlete’s 
cardiac adaptations remain within physiological limits. Because the athlete’s heart can resemble early stages 
of heart disease (especially hypertrophic cardiomyopathy or arrhythmogenic right ventricular cardiomyopathy), 
clinical evaluations must be comprehensive and individualized (Table 2).
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Table 2. 
Parameter Physiological (Athlete’s Heart) Pathological Condition

Wall Thickness Up to 12–13 mm (symmetrical) >15 mm (often asymmetrical)
Chamber Size Enlarged, proportional Normal or reduced
Diastolic Function Normal or improved Impaired
Fibrosis Absent Present
ECG Findings Sinus bradycardia, early repolarization T-wave inversion, abnormal Q waves
Reversibility Reversible with detraining Irreversible

Regular clinical assessment helps track these parameters and determine whether an athlete’s cardiac 
changes are within safe limits.

One hallmark of the athlete’s heart is its reversibility. When the athlete reduces training load or enters a 
rest phase, ventricular size and wall thickness gradually return to normal. This feature confirms the benign and 
adaptive nature of physiological hypertrophy. In contrast, pathological hypertrophy does not regress without 
medical intervention.

Long-term studies also show that former athletes generally maintain better cardiovascular function, lower 
resting heart rate, and reduced risk of coronary artery disease compared to sedentary individuals—highlighting 
the protective effects of regular physical activity when properly managed.

The functional adaptations of the athlete’s heart reflect a finely tuned system capable of maintaining high 
performance with minimal energy expenditure. Key outcomes include increased stroke volume, reduced resting 
heart rate, enhanced cardiac output, and improved myocardial efficiency. Together, these adaptations allow 
athletes to sustain prolonged physical effort, recover more rapidly, and perform at higher levels of endurance 
and strength.

In essence, the athlete’s heart is a model of optimized cardiovascular performance, illustrating how regular, 
well-structured physical training can profoundly enhance the functional capacity of the human heart.

C O N C L U S I O N S  A N D  S U G G E S T I O N S
The heart of an athlete is a remarkable example of human physiological adaptability. Depending on 

the type of sport, the cardiovascular system undergoes specific structural and functional modifications that 
enhance performance and endurance. Understanding these adaptations helps in the differentiation between 
physiological and pathological hypertrophy, enabling more effective medical supervision of athletes. Continued 
research in sports cardiology is vital for promoting both optimal performance and long-term cardiac health.

The molecular and cellular mechanisms of the athlete’s heart illustrate a finely coordinated adaptation 
process involving cell growth, energy efficiency, vascular expansion, and genetic regulation. Unlike pathological 
cardiac hypertrophy, which is marked by fibrosis and dysfunction, physiological remodeling maintains healthy 
structure and function.

Through increased mitochondrial activity, enhanced capillary networks, improved calcium handling, and 
balanced gene expression, the athlete’s heart becomes stronger, more efficient, and more resistant to stress—
demonstrating the remarkable plasticity of the human cardiovascular system in response to sustained physical 
training.

Recognizing these differences is essential for safe sports participation, effective medical screening, and 
the long-term cardiovascular health of athletes.

Clinical monitoring plays a vital role in safeguarding athletes’ cardiovascular health. Through regular 
evaluations—such as ECG, echocardiography, MRI, and stress testing—clinicians can distinguish between 
physiological and pathological hypertrophy, ensuring early detection of potential risks.

Proper training balance, recovery, and medical oversight help preserve the benefits of the athlete’s heart 
while preventing overtraining and cardiac complications. Ultimately, systematic health monitoring transforms 
physiological adaptation into a tool for performance optimization and lifelong heart health.
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