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ABSTRACT 

Background. Long-distance running has surged in popularity among recreational athletes. 

While moderate exercise prevents cardiovascular disease, extreme endurance events by 

amateurs—often lacking professional medical monitoring—raise clinical concerns regarding 

myocardial overload. 

Aim. To systematize current knowledge on the physiological benefits and potential 

cardiovascular risks of recreational long-distance running in amateur athletes. 

Material and methods. A narrative review was conducted using PubMed, Web of Science, 

and Scopus. We analyzed 35 peer-reviewed English articles from the last two decades focusing 

on amateur runners. Data extraction targeted echocardiography, cardiac magnetic resonance, 

and biochemical markers of myocardial injury. 

Results. Regular running induces favorable cardiovascular adaptations ("athlete's heart"), 

improving metabolic profiles and reducing all-cause mortality. Conversely, acute extreme 

exertion (e.g., marathons) consistently triggers transient exercise-induced cardiac fatigue (EICF) 

and the release of cardiac biomarkers (troponins, BNP). The right ventricle is disproportionately 

affected by this acute strain, whereas half-marathons induce significantly less impairment. 

Long-term veteran amateurs exhibit a higher prevalence of atrial fibrillation and elevated 

coronary artery calcification (CAC) scores; however, these plaques are predominantly calcified 

and stable. 

Conclusions. Recreational running provides substantial, dose-dependent cardiovascular 

benefits, but extreme distances expose amateurs to acute cardiac fatigue and chronic structural 

remodeling. To safely maximize outcomes, amateurs should prioritize structured recovery, 

distance moderation, and routine cardiovascular screening before severe events. 

Keywords: recreational running, amateur marathon, athlete's heart, cardiac fatigue, 

cardiovascular risk 
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1. Introduction 

In recent years, there has been an unprecedented surge in the popularity of mass-participation 

endurance events, such as half-marathons, marathons, and ultramarathons. Long-distance 

running is no longer the exclusive domain of elite, professional athletes. Today, the vast 

majority of participants in these events are recreational runners—amateurs who engage in 

rigorous training regimens alongside their daily occupational and social responsibilities. While 

it is universally acknowledged that regular moderate physical activity is a cornerstone in the 

prevention and management of cardiovascular diseases [1], the physiological impact of extreme 

endurance exercise on the amateur cardiovascular system remains a subject of intense scientific 

debate, constantly raising the question of whether extreme running acts as a panacea or a poison 

for the heart [2]. 

Unlike professional athletes, who are subject to strict medical monitoring, optimized recovery 

protocols, and personalized training loads, amateur runners often push their physiological limits 

without adequate professional supervision. This raises critical questions regarding the "dose-

response" relationship of exercise. While moderate running promotes favorable cardiovascular 

adaptations, extreme volumes and intensities may trigger transient myocardial fatigue [3], 

elevated cardiac damage markers [4], and potentially chronic structural changes such as 

myocardial fibrosis or an increased susceptibility to arrhythmias like atrial fibrillation. 

 

Research objective:  

To systematize the current state of knowledge regarding both the physiological health benefits 

and the potential cardiovascular risks associated with long-distance running in amateur athletes, 

based on an analysis of 35 selected scientific studies.  

Research problems:  

1. What are the primary cardiovascular benefits and physiological adaptations resulting from 

long-distance running in amateur populations?  

2. Does long-term recreational distance running increase the risk of acute cardiac fatigue and 

chronic structural myocardial damage?  

Research hypotheses: 

1: The synthesized literature is expected to confirm that recreational long-distance running 

induces positive cardiovascular adaptations (the so-called "athlete's heart"), while 

simultaneously exposing amateurs to transient cardiac fatigue following acute bouts of 

extreme exertion.  
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2: The analysis anticipates finding evidence that prolonged endurance exercise in amateurs, 

especially without professional training control, correlates with elevated markers of cardiac 

damage and an increased risk of long-term adverse outcomes, such as myocardial fibrosis or 

arrhythmias. 

 

2. Research materials and methods  

2.1. Participants  

The population analyzed in this review consists of participants derived from the 35 selected 

source studies. The target group comprises healthy adult individuals classified as recreational 

or amateur long-distance runners (e.g., half-marathoners, marathoners, and ultramarathoners). 

Elite, professional athletes, individuals with pre-existing congenital heart defects, and non-

human (animal) models were strictly excluded from the scope of this analysis to ensure the 

findings are highly applicable to the general population engaging in amateur endurance sports. 

2.2. Procedure  

This study was designed as a comprehensive narrative review based on a systematic literature 

search strategy. The research procedure involved screening major electronic medical and sports 

science databases, primarily PubMed, Web of Science, and Scopus. The search strategy utilized 

a combination of the following Medical Subject Headings (MeSH) and keywords: 

("recreational runner" OR "amateur marathon" OR "amateur athletes") AND ("cardiovascular 

risk" OR "athlete's heart" OR "cardiac fatigue" OR "myocardial fibrosis"). The inclusion 

criteria were restricted to peer-reviewed articles published in English over the last two decades. 

Following the initial database search, duplicate records were removed. The remaining articles 

underwent a rigorous screening of titles and abstracts to ensure compliance with the predefined 

inclusion criteria. Ultimately, a precise set of 35 articles directly addressing the cardiovascular 

parameters in amateur runners was selected for full-text analysis, in-depth data extraction, and 

synthesis. 

2.3. Data collection and analysis  

Data extraction focused on both qualitative and quantitative cardiovascular outcomes reported 

in the literature. The analyzed variables included blood biomarkers (e.g., cardiac troponins, 

BNP), echocardiographic parameters (e.g., right and left ventricular structure and function), and 

cardiac magnetic resonance imaging (CMR) findings. The collected data were synthesized to 

contrast physiological adaptations with pathological risks. 
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2.3.1. Statistical software  

Due to the review design of this study, no specific statistical software was used for original data 

computation. However, reference management software was utilized to organize the extracted 

data and format the bibliography in accordance with the journal's requirements. 

2.3.2. AI statement  

Artificial intelligence tools were used solely as assistive instruments in the preparation of this 

manuscript. AI support was applied to improve academic language clarity, coherence, and 

stylistic consistency, as well as to assist in the organization of the narrative structure. All 

scientific content, interpretation of the literature, and final conclusions were determined by the 

authors. The use of AI did not replace human judgment at any stage of the research process. 

3. Physiological adaptation and health benefits in amateurs  

Regular endurance running is robustly associated with widespread cardiovascular and 

metabolic benefits. The primary physiological goal of these adaptations is to increase the 

efficiency of oxygen delivery, optimize thermoregulation, and improve energy substrate 

utilization during prolonged exertion [1]. When physically inactive adults transition into a 

routine of habitual endurance running, the systemic changes are profound. A comprehensive 

meta-analysis evaluating the effects of running on indices of health demonstrated significant 

reductions in resting heart rate and arterial blood pressure, accompanied by marked 

improvements in body composition, lipid profiles, and fasting insulin sensitivity [5]. Over time, 

these structural and functional modifications culminate in what is clinically recognized as the 

"athlete's heart". As highlighted in recent reviews detailing molecular and echocardiographic 

findings, the hallmark of this adaptation is eccentric remodeling of the left ventricle, which 

dilates to accommodate a larger stroke volume while maintaining normal or enhanced diastolic 

function [6]. This specific pattern of physiological hypertrophy is well-documented in amateur 

male marathon runners [7]. Importantly, the adaptive response to endurance exercise is not 

entirely uniform and may be influenced by sex, as recent investigations have revealed subtle 

morphological, functional, and biochemical differences in cardiac adaptation between male and 

female amateur runners [8]. 

 

Beyond steady-state running, the incorporation of varied training protocols yields additional 

benefits. For instance, integrating weekly high-intensity interval training (HIIT) significantly 

improves maximal oxygen uptake and submaximal running economy without overburdening 

the cardiovascular system [9]. Similarly, performance in recreational runners is heavily 

influenced by a combination of biomechanical, physiological, and anthropometrical predictors, 
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underscoring the need for a holistic approach to amateur training [10]. Consequently, experts 

strongly advocate for individualized endurance training programs that are carefully calibrated 

based on the runner's ongoing recovery and training status [11]. Furthermore, emerging 

nutritional interventions are showing promise; recent randomized double-blind trials indicate 

that novel supplements, such as nicotinamide mononucleotide, can safely enhance aerobic 

capacity in amateur runners by optimizing cellular energy metabolism [12]. 

 

4. Cardiac fatigue and markers of myocardial damage  

Despite the undisputed systemic benefits of moderate training, acute bouts of extreme 

endurance exercise expose amateurs to severe physiological and mechanical stress. Over the 

last decade, cardiological research has increasingly focused on a phenomenon known as 

exercise-induced cardiac fatigue (EICF). This condition is characterized by a transient, 

reversible reduction in both left and right ventricular systolic and diastolic function immediately 

following prolonged exertion [3]. The complex physiology and pathophysiology of marathon 

running reveal a massive upregulation of oxidative stress and altered calcium handling during 

the event [13]. A critical objective measure of this stress is the release of cardiac biomarkers. 

Robust systematic reviews and meta-analyses confirm a highly significant post-exercise 

elevation of cardiac damage markers, specifically cardiac troponins (cTn) and B-type 

natriuretic peptides (BNP), following medium- and long-distance events [4]. It is widely 

accepted that marathon running is a primary physiological cause of acute troponin elevation 

[14]. However, the prevailing consensus suggests that in healthy amateurs, this reflects a 

transient increase in myocyte membrane permeability rather than irreversible myocardial 

necrosis. 

Extreme endurance running does not only stress the heart but also heavily impacts the kidneys. 

Large cohort studies evaluating combined cardiac and renal function in amateur marathoners 

corroborate this systemic strain, noting temporary declines in the glomerular filtration rate [15]. 

Notably, significant elevations in both cardiac and renal biomarkers can be observed even after 

moderately long events, such as a 21 km treadmill run, proving that the physiological toll begins 

well before the marathon distance is reached [16]. Because acute physiological stress affects 

multiple organ systems simultaneously, developing and adhering to optimal renal and cardiac 

function recovery strategies is essential for amateur runners post-marathon [17]. While these 

biomarkers typically return to baseline within 48 hours, the recurrent mechanical stress raises 

valid concerns regarding the long-term effects of endurance exercise on cardiac morphology 

and the potential for chronic injury indicators [18]. 
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5. Structural changes, right ventricular remodeling, and fibrosis risk  

While the left ventricle adapts remarkably well to increased training volumes, the right ventricle 

(RV) appears disproportionately vulnerable during extreme endurance events. Because cardiac 

output increases up to fivefold during a marathon, pulmonary artery pressure rises significantly, 

placing a tremendous hemodynamic load on the thin-walled RV. This acute wall stress can lead 

to exercise-induced right ventricular dysfunction and structural remodeling [19]. Advanced 

cardiological imaging, such as three-dimensional speckle tracking echocardiography, confirms 

the presence of early structural alterations and reduced systolic RV function in amateur 

marathon runners immediately post-race [20]. Crucially, the magnitude of these right-sided 

changes is heavily distance-dependent. Studies comparing different events show that 

recreational half-marathon runners exhibit significantly less RV strain and functional 

impairment compared to amateurs completing full marathons or ultramarathons [21]. 

In a subset of inadequately prepared amateurs, recurrent micro-trauma, inflammation, and RV 

overload can lead to the accumulation of collagen in the extracellular matrix. The presence of 

focal myocardial fibrosis, often detected via late gadolinium enhancement at the right 

ventricular insertion points, remains a topic of intense debate regarding whether it serves as a 

pathological risk marker for future arrhythmias or merely a benign physiological adaptation to 

chronic stretching [22]. Alongside structural changes, the electrical stability of the amateur 

heart is also altered. The high prevalence of early repolarization patterns on the 

electrocardiograms of athletes requires careful clinical evaluation to distinguish normal high 

vagal tone from potentially arrhythmogenic substrates [23]. To effectively monitor this 

physiological strain, assessing the athlete's training history and monitoring cardiac autonomic 

recovery—such as heart rate variability following submaximal exercise—are highly 

recommended strategies to prevent overtraining and structural overload [24]. 

 

6. Cardiovascular risk profile and arrhythmias in long-term amateur runners 

The cardiovascular risk profile of experienced, long-term amateur runners presents a 

fascinating and complex clinical paradox. On one hand, regular recreational running effectively 

mitigates classic modifiable cardiovascular disease risk factors such as hypertension, obesity, 

and dyslipidemia [25]. However, the intersection of decades of endurance training with the 

natural aging process creates unique challenges for cardiac physiology [26]. In middle-aged 

recreational runners, maintaining optimal performance becomes physiologically taxing; 

research demonstrates that cardiac output often drops during the latter stages of a marathon due 

to dehydration and a decline in stroke volume [27]. Furthermore, standard heart rate monitoring 
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becomes highly unreliable late in the race. Due to a phenomenon known as cardiovascular drift, 

the heart rate does not accurately reflect the true percentage of maximal oxygen uptake 

(%VO2max) during the final kilometers, masking the severe physiological cost experienced by 

the runner [28]. Another acute manifestation of severe exertion is the alteration of vascular 

compliance, demonstrating an acute, transient spike in aortic stiffness immediately post-half-

marathon [29]. 

Most notably, long-term endurance running is strongly and independently associated with an 

increased prevalence of atrial fibrillation (AFib) [30]. The pathophysiology of AFib in 

endurance athletes is multifactorial, involving progressive left atrial dilation, heightened 

parasympathetic tone, and potential micro-fibrosis [31]. This well-documented association 

continuously fuels the clinical debate regarding "how much is too much" when prescribing 

endurance physical activity [32]. While acute events like myocardial infarction remain a rare 

but catastrophic concern—even in younger athletic cohorts—due to factors like anomalous 

coronary arteries or premature atherosclerosis [33], the spectrum of coronary artery disease in 

older, experienced endurance athletes is highly unique [34]. The widely discussed "athlete's 

paradox" reveals that highly active individuals often possess significantly elevated coronary 

artery calcification (CAC) scores compared to sedentary peers. However, advanced imaging 

shows that these exercise-induced plaques are predominantly calcified, dense, and stable. 

Consequently, despite the high calcium score, these plaques do not inherently increase the risk 

of acute rupture or all-cause mortality, highlighting the extraordinary resilience of the long-

term amateur runner's cardiovascular system [35]. 

 

7. Discussion  

The primary objective of this review was to systematize the physiological benefits and potential 

cardiovascular risks associated with long-distance running in amateur athletes. The synthesized 

literature highlights a distinct "dose-response" paradox. On one end of the spectrum, the 

evidence overwhelmingly supports the cardiovascular benefits of moderate running, driving 

positive left ventricular remodeling, improved metabolic efficiency, and reduced all-cause 

mortality [1, 5, 11]. Conversely, pushing the body through extreme distances consistently 

triggers transient exercise-induced cardiac fatigue (EICF) and the leakage of myocardial 

damage markers, such as troponins [3, 4, 14]. The right ventricle is particularly vulnerable to 

this acute hemodynamic overload, establishing the full marathon distance as a critical threshold 

where physiological strain significantly increases compared to the half-marathon [19, 21]. 
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Chronic exposure to such extreme stress in long-term amateurs raises critical questions 

concerning the development of myocardial fibrosis [22] and the well-documented elevated 

prevalence of atrial fibrillation [30, 31, 32]. A significant limitation of the current literature is 

the heterogeneous definition of "amateur" or "recreational" runners, with studies frequently 

pooling individuals with vastly different training histories, baseline fitness levels, and age 

profiles [7, 8, 25, 26]. Unlike elite professionals who undergo rigorous, continuous 

cardiological screening and monitoring [33, 34], amateurs frequently navigate extreme 

challenges relying on subjective feelings. This lack of professional oversight exacerbates the 

risk of cumulative myocardial micro-trauma, making baseline cardiovascular screening 

essential—especially in light of complex phenomena like elevated but stable coronary 

calcification in veteran runners [35]. 

7.1. Limitations of the study 

This review has several limitations that should be acknowledged. First, the methodological 

design as a narrative review implies that the literature search and selection process may be 

subject to inherent selection bias compared to a strictly formal systematic review. Second, the 

inclusion criteria were restricted to peer-reviewed articles published in English over the last two 

decades, which might exclude relevant findings published in other languages or older 

foundational studies. Finally, as noted previously, the heterogeneous definition of "amateur" or 

"recreational" runners across the included studies limits the ability to draw universally 

standardized conclusions, as the source participants varied significantly in their baseline fitness 

levels, age profiles, and training histories. 

 

8. Conclusions  

Based on the systematic review of the literature regarding the cardiovascular impact of 

recreational long-distance running, the following conclusions can be drawn: 

 

1. Dose-dependent benefits: Regular, moderate-intensity endurance running induces highly 

favorable cardiovascular adaptations in amateurs. The development of physiological 

eccentric hypertrophy, combined with an improved metabolic profile and enhanced 

vascular compliance, significantly reduces all-cause cardiovascular mortality. 

2. Acute cardiac fatigue: Extreme endurance events, particularly full marathons, subject the 

amateur myocardium to severe acute stress. This is evidenced by transient exercise-

induced cardiac fatigue (EICF) and the temporary leakage of cardiac biomarkers (cardiac 

troponins and BNP). 
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3. Right ventricular vulnerability: The right ventricle (RV) is disproportionately 

susceptible to acute dilation and hemodynamic strain during prolonged exertion. For 

amateur runners, distances such as the half-marathon appear to offer a safer physiological 

threshold. 

4. Long-term risks in experienced amateurs: Decades of high-volume endurance running 

without professional medical supervision can lead to chronic structural alterations, 

including an elevated prevalence of atrial fibrillation (AFib) and higher coronary artery 

calcification (CAC) scores. 

5. Clinical recommendations: To maximize the health benefits and minimize the risk of 

cumulative myocardial micro-trauma, recreational runners should prioritize structured 

recovery protocols and undergo routine baseline cardiovascular screening before engaging 

in extreme endurance events. 
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