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Abstract. This article examines the relationship between intensive aerobic exercise and 

Maximum Heart Rate (MHR) in athletes, focusing on cardiovascular adaptation and its 

implications for athletes' performance. Through the analysis of current research, this study 

shows the significant impact of intensive aerobic exercise on heart rate dynamics and 

cardiovascular efficiency in trained athletes. This study uses a systematic and 

comprehensive literature review method related to the relationship between intensive 

aerobic exercise and maximum heart rate in athletes. 
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1 Introduction 

Exercise is defined as any form of physical movement that is carried out with a certain 

pattern or technique to shape the body with intensity, time limits, and has a specific purpose. 

While exercise is a form of physical activity that is carried out regularly and repeatedly for a 

long period of time, with an increase in load that is carried out gradually according to the ability 

of each individual with the aim of improving and developing physiological and psychological 

functions. 

Physical fitness is the body's ability to operate efficiently during work or activity and 

still have sufficient energy reserves to deal with emergency situations that may occur. Aerobic 

exercise is an activity that relies on oxygen to help with the process of burning energy. Aerobic 

exercise requires optimal work from the body's organs such as the heart, lungs, and blood vessels 

to transport oxygen so that energy burning can run well. This exercise is a sport that is done 

with low to moderate intensity that can be done continuously for a long time, such as walking, 

cycling, and jogging.  
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Regular aerobic exercise has a significant influence on the cardiovascular system of 

athletes. When an athlete performs aerobic exercise consistently, the heart undergoes a 

physiological adaptation called "athletic heart syndrome" or athlete heart syndrome. This 

adaptation is characterized by structural and functional changes in the heart that result in better 

cardiac work efficiency 

Research conducted by Sharma et al. (2015) in "Exercise and the Heart: The Good, the 

Bad, and the Ugly" showed that athletes who were aerobically trained had a larger stroke volume 

and lower resting heart rate than non-athletes. This indicates that their hearts can pump blood 

more efficiently with minimal effort. 

Related to Maximum Heart Rate (MHR), research published in the Journal of Applied 

Physiology by Tanaka et al. (2018) found that the traditional "220 – age" formula for calculating 

MHR is not always accurate for trained athletes. Athletes with high levels of aerobic fitness 

often have different MHRs than the general population, and this correlates with their level of 

cardiovascular adaptation. 

Furthermore, a longitudinal study conducted by Wilson and Tanaka (2020) revealed that 

aerobically trained athletes had the ability to maintain a higher intensity of exercise at the same 

percentage of MHR than untrained individuals, there was a slower decrease in MHR with age 

in athletes who consistently performed aerobic exercise and post-workout heart rate recovery 

took place faster in trained athletes. Another interesting is the findings from Booth et al.'s (2019) 

research in "Cardiovascular Adaptations to Aerobic Training" which shows that regular aerobic 

exercise can improve the efficiency of myocardial oxygen use, meaning the heart can work at a 

higher intensity with lower oxygen consumption. 

 

2 Method 

This study applied a systematic literature review method to focus on cardiovascular 

adaptation to aerobic exercise, specifically examining the relationship between intensive aerobic 

exercise and maximum heart rate in athletes. The research was conducted by collecting several 

articles from various journal sources, including Research Gate, Google Scholar, and Science 

Direct by entering keywords written in full without abbreviations into the search. This analysis 

includes studies published between 2015 and 2024, with particular attention to longitudinal 

studies and meta-analyses. 

 

3 Results 

3.1 Cardiovascular Adaptation in Athletes 

 Cardiovascular adaptation in athletes is the result of regular and consistent aerobic 

exercise. This adaptation is known as "Athletic Heart Syndromeor athlete heart syndrome, which 

reflects the physiological changes of the heart in response to sustained exercise. 

The structural changes that occur in the athlete's heart are significant. The heart volume 

increases in adaptation to the demands of high exercise. This is characterized by a proportional 

enlargement of the heart's chambers, allowing the heart to hold and pump more blood in a single 

contraction. Simultaneously, the ventricular wall undergoes a balanced thickening, which 

increases the strength of the heart's contractions without interfering with its normal functioning.  
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Capillary density also increases as an adaptive response. The small blood vessels that 

supply the heart muscle and skeletal muscle increase in number as new blood vessels form 

(angiogenesis), creating more complex vascular tissue. This allows for a more efficient 

distribution of oxygen and nutrients throughout the tissues in need. The function of the 

endothelium, which is the inner lining of blood vessels, has also improved, improving the ability 

of blood vessels to regulate blood flow as needed. 

Based on the aspect of functional adaptation, the changes that occur are no less important. 

The volume of the stroke increases significantly, which means the heart can pump more blood 

in a single contraction. This increase is the result of greater heart volume and stronger 

contractility. As compensation for this increased efficiency, the athlete's resting heart rate 

becomes lower because the heart does not need to beat as fast as an untrained person to meet 

the needs of blood circulation. 

The efficiency of myocardial oxygen use has also improved. The heart muscle becomes 

better at extracting and using available oxygen, allowing the heart to work harder with relatively 

lower oxygen consumption. This is very important for athletes' performance because it allows 

them to maintain a higher intensity of training for a longer period of time. 

One of the most striking functional adaptations is the faster recovery of the heart rate 

after exercise. Trained athletes show a better ability to return the heart rate to normal levels after 

strenuous physical activity. It is an important indicator of cardiovascular fitness and the body's 

ability to recover from exercise stress. 

All of these adaptations work synergistically to improve the overall efficiency of the 

cardiovascular system. The athlete's heart becomes stronger, more efficient, and more 

responsive to the demands of training. These changes do not occur instantaneously, but are the 

result of consistent and progressive practice over a long period of time. 

3.2 Adaptation of the Nervous System in Athletes 

Intensive aerobic exercise over time not only provides changes for the body in terms of 

cardiovascular adaptation, but also the adaptation of the nervous system that compensates and 

increases with the intensive aerobic exercise undergone by the athlete.  

In the nervous system, adaptation begins with an increase in vagal tone which reflects 

the strengthening of the activity of the parasympathetic nervous system. This results in a 

decrease in resting heart rate and increased heart rate variability, signaling improved heart 

autonomic control. The sympathetic nervous system also undergoes modulation that allows for 

more efficient regulation in the fight-or-flight response  and optimization of catecholamine 

release. 

Baroflex, which plays a role in blood pressure regulation, is optimized through increased 

baroreceptor sensitivity. This results in more efficient blood pressure regulation and a faster 

response to changes in posture. Chemoreceptors also undergo increased sensitivity, allowing for 

better detection of changes in oxygen and carbon dioxide levels in the blood. 

All of these adaptations work synergistically to result in an overall improvement in 

cardiovascular efficiency. The result is a lower resting heart rate,  greater volume stroke, and  

more efficient cardiac output. The distribution of blood to various body tissues also becomes 

more optimal, supporting improved physical performance and faster recovery. 

3.3. Adaptation of Intensive Aerobic Exercise to Physiological Processes in Athletes 
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In the early stages of exercise (0-4 weeks), the body begins to adapt to new physical 

activity characterized by changes in neural stimuli that result in increased activity of the 

sympathetic nervous system responsible for the "fight or flight" response. The sympathetic 

nervous system releases nerve ketcholamines such as epinephrine and norepinephrine that help 

increase heart rate and blood flow to the working muscles. In addition, modulation of vagal 

control also occurs to maintain a balance between sympathetic and parasympathetic neural 

activity.  

When the exercise starts, the heart rate increases to pump blood faster throughout the 

body. An increase in cardiac output or the amount of blood pumped by the heart per minute also 

occurs. The blood vessels undergo vasodilation or dilation to increase blood flow to the active 

muscles.  

In the intermediate adaptation phase (4-12 weeks), the body begins to make structural 

and functional adaptations to improve efficiency and performance. The initiation of myocardial 

hypertrophy or enlargement of the heart muscle occurs to increase the heart's pumping capacity. 

The body also begins to form new capillaries in a process called angiogenesis, which increases 

the blood supply to the muscles. The increased density of mitochondria in cells results in more 

energy.  

The occurrence of functional adaptations in the form of strokes the volume or amount of 

blood pumped by the heart per beat increases. The efficiency of oxygen use by the muscles is 

also increased, allowing the muscles to work longer without getting tired quickly.  

In the advanced adaptation phase (>12 weeks), the body's adaptation has reached a more 

stable level. Myocardial hypertrophy reaches a stable level allowing the heart to pump blood 

much more efficiently. The capillary tissue that forms in the muscles matures so that it increases 

the supply of nutrients and oxygen to the muscles.  

In this advanced adaptation phase, there is also an increase in aerobic enzymes in the 

muscles, helping in a more efficient process of energy metabolism. The body becomes more 

efficient in using energy from carbohydrates and fats. The utilization of the energy substrate is 

optimized, so that the body can make better use of available energy sources. The body's 

oxidative capacity or ability to produce energy through oxidative processes increases, which 

allows high-intensity exercise to be performed for longer. 

 

4  Conclusion 

 Based on research with a comprehensive review, it can be concluded that the 

correlation between intensive aerobic exercise plays a major role in increasing the maximum 

heart rate (MHR) in athletes. Through instinctive aerobic exercise undertaken by athletes, it 

allows for the body's adaptation such as cardiovascular adaptation, structural changes, and 

physiological and nervous system adaptations. These adaptations allow athletes to perform 

training at higher intensity and longer durations, as well as improve their overall performance 

and endurance. 
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