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Abstract 

Background: Training on a professional level can lead to cardiac structural adaptations called 

the “athlete’s heart”. As marathon participation requires intense physical preparation, the 

question arises whether the features of “athlete’s heart” can also develop in recreational 

runners. 

Methods: The study included 34 males (mean age 40 ± 8 years) who underwent physical 

examination, a cardiopulmonary exercise test and echocardiographic examination (ECHO) 

before a marathon. ECHO results were compared with the sedentary control group, reference 
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values for an adult male population and those for highly-trained athletes. Runners with 

abnormalities revealed by ECHO were referred for cardiac magnetic resonance imaging 

(CMR). 

Results: The mean training distance was 56.5 ± 19.7 km/week, peak oxygen uptake was 53.7 

± 6.9 mL/kg/min and the marathon finishing time was 3.7 ± 0.4 h. Compared to sedentary 

controls, amateur athletes presented larger atria, increased left ventricular (LV) wall 

thickness, larger LV mass and basal right ventricular (RV) inflow diameter (p < 0.05). When 

compared with ranges for the general adult population, 56% of participants showed increased 

left atrial volume, indexed to body surface area (LAVI), 56% right atrial area and 

interventricular septum thickness, while 47% had enlarged RV proximal outflow tract 

diameter. In 50% of cases, LAVI exceeded values reported for highly-trained athletes. Due to 

ECHO abnormalities, CMR was performed in 6 participants, which revealed hypertrophic 

cardiomyopathy in 1 runner.  

Conclusions: “Athlete’s heart” features occur in amateur marathon runners. In this group, 

ECHO reference values for highly-trained elite athletes should be considered, rather than 

those for the general population and even then LAVI can exceed the upper normal value. 

Key words: echocardiography, cardiac magnetic resonance, athlete’s heart, marathon 

runners; sport cardiology, hypertrophic cardiomyopathy 

 

 

Introduction 

Regular and moderate physical activity has a positive effect in humans, however the 

“upper dose” of beneficial endurance exercise has not been determined [1, 2]. Participation in 

sport events like marathon runs has recently become very popular. The characteristics of 

marathon runners is evolving, with a growing percentage of non-elite amateur runners who 

are often middle-aged [3]. Long-term endurance training on a professional level can lead to 

multiple structural adaptations, called the “athlete’s heart” [4]. As marathon participation 

requires intense physical preparation, the question arises whether the features of “athlete’s 

heart” can be present in recreational runners. And if so, which echocardiographic criteria 



should be applied in this group: those for the general adult population or those for highly 

trained elite athletes.  

 

Methods  

Study participants and study protocol 

Male amateur marathon runners who planned to attend the 2nd PZU Marathon in 

Gdansk, Poland were recruited by invitation to local running clubs. Volunteers were informed 

about the purpose and plan of the study and gave written consent. All participants were 

questioned about medical history and those with chronic diseases, or at age < 20, or > 55 

years were not eligible. Two weeks before the marathon run, each of the participants 

underwent physical examination, treadmill cardiopulmonary exercise test (CPET) and 

echocardiographic examination (ECHO).  

Fifteen sedentary males matched with age, body mass index (BMI) and body surface 

area (BSA) with marathon runners constituted the control group for ECHO. They were 

healthy men without any history of practicing endurance exercise. In the next step, data 

obtained in marathon runners were compared with reference values for cardiac chambers in 

male adults, provided by the American Society of Echocardiography and European 

Association of Cardiovascular Imaging [5]. Subsequently, results were also compared with 

reference values for elite athletes: 1) right chamber’s dimensions with Normative Reference 

Values of Right Heart in Competitive Athletes [6], and 2) left chambers diameters with values 

reported in studies on populations of elite athletes [4, 6–8], as to our knowledge there is no 

single paper providing all normative reference values for the left heart in this group.  

The study protocol set up that participants with abnormalities revealed by ECHO were 

referred for cardiac magnetic resonance imaging (CMR). These included: increased 

interventricular septum diameter (≥ 13 mm), abnormal left ventricular (LV) contractility 

(ejection fraction < 52% or abnormal global longitudinal strain > –18.9%), abnormal right 

ventricular (RV) systolic function (tricuspid annular plane systolic excursion < 17 mm, RV 

strain of > –20% or spectral tissue Doppler derived tricuspid lateral annulus peak systolic 

velocity < 9.5 cm/s) [5, 9, 10]. The study protocol was accepted by Independent Bioethics 

Commission for Research of the Medical University of Gdansk (NKBBN/104/2016).  



 

Cardiopulmonary exercise test  

Cardiopulmonary exercise test was performed on the treadmill (H/P/Cosmos Saturn 

treadmill) using the Bruce protocol. First stage started at 2.7 km/h and at 10% gradient, then 

the speed and incline were increased in 3 min intervals. Jaeger OxyconPro equipment with 

Jlab Manager V5.32.0 software was used to measure the oxygen intake (VO2), carbon dioxide 

output (VCO2), minute ventilation (VE), expiratory gas concentrations throughout the 

respiratory cycle on a breath-by-breath basis. The peak oxygen intake (VO2peak) was 

calculated as the highest volume averaged over 10 s at maximal endurance. The anaerobic 

threshold (AT) was calculated with the V-slope method and was corrected by the ventilator 

equivalent method.  

 

Echocardiography  

Transthoracic ECHO was performed using Vivid E9 (General Electric Medical 

Health) in marathon runners and sedentary controls. ECHO measurements were carried out 

according to the recommendations of the American Society of Echocardiography and 

European Association of Cardiovascular Imaging [5]. Left ventricular measurements: LV end-

diastolic dimension (LV ED), LV end-systolic dimension (LV ES), diastolic interventricular 

septum (IVS) and posterior wall (LV PW) thickness, left atrial (LA) anteroposterior (AP) 

dimension and proximal RV outflow diameter (RVOT prox) were performed in the 

parasternal long-axis view. The LV end-diastolic (LV EDV) and LV end-systolic (LV ESV) 

volumes were measured with the biplane method of discs summation (the modified Simpson’s 

rule) and then LV ejection fraction (LV EF) was calculated. The 2-dimensional (2D) speckle-

tracking LV global longitudinal peak strain (LV GLS) measurements were obtained from 2-, 

3-, and 4-chamber apical views and were averaged. The LV mass was assessed by the area-

length method and was then indexed to BSA. In the end systole, the LA volume was indexed 

to BSA (LAVI) and was calculated by the area-length technique from apical 2- and 4-

chamber views, whereas the right atrial (RA) area was measured in the apical 4-chamber 

view. The basal RV inflow diameter (RVd) and the 2D speckle-tracking-derived RV strain 

were obtained in the RV-focused apical 4-chamber view. The RV systolic function was 

assessed by measuring the tricuspid annular plane systolic excursion (TAPSE) in the M-mode 



and spectral tissue Doppler-derived tricuspid lateral annulus systolic peak velocity (S’RV). 

The offline analyses of data were carried out using commercially available software — 

EchoPack 201 (General Electric). 

Cardiac magnetic resonance  

Cardiac magnetic resonance examinations were performed with a 1.5 Tesla scanner 

(Magnetom Aera, Siemens Healthcare) with an 18-channel phased-array receiver coil with 

repeated breath-holds, according to protocol [11]. Segmented steady-state free-precession 

sequence was used to acquire cine images of the heart in 2-, 3-, and 4-chamber views, as well 

as in short-axis views to obtain a stack of contiguous short-axis slices which include the entire 

LV and RV having a slice thickness of 8 mm with 2 mm gaps. In the majority of cases the 

parallel acquisition technique with acceleration factor of 2 was used. Late gadolinium 

enhancement (LGE) was assessed 7–15 min post administration of gadolinium-based contrast 

agent at a dose of 0.1 mmol/kg body mass, with an inversion recovery spoiled gradient echo 

sequence (single slice per breath hold). Inversion time was repeatedly optimized to null 

normal myocardium. A short-axis stack identical to that performed in cine steady-state free 

precession as well as 2-, 3-, and 4-chamber long axis images (slice thickness of 8 mm with in-

plane resolution typically ca 1.5 × 1.5 mm) were acquired in each individual. Data was 

analyzed using commercially available software by an experienced observer.  

 

Statistical analysis 

Continuous variables are presented as mean ± standard deviations (SD) or median and 

range. The Shapiro-Wilk test was used to estimate the distribution. A comparison of the 

amateur marathon runners and controls was performed by the Student t-test for independent 

samples or the Mann–Whitney U test where appropriate. A p value < 0.05 was considered 

statistically significant. The data were analyzed using Statistica 13 software (Statsoft Poland).  

 

Results 

Thirty-four amateur marathon runners were included in the study. Results of 

electrocardiographic examination in these subjects have recently been published [12]. Table 1 

shows data on training habits and CPET. Table 2 presents features of marathon runners in 



comparison with sedentary controls. There were no significant differences in age, weight, 

height, BSA and BMI between amateur runners and controls (p > 0.05). All participants were 

healthy men of Caucasian race. 

Data on ECHO parameters obtained in the amateur marathon runners studied and 

sedentary controls are presented in Table 2. Compared to controls, amateur athletes had larger 

atria, increased LV wall thickness, larger LV mass and RVd (p < 0.05). There were no 

differences regarding other ECHO parameters. A comparison of parameters obtained from 

amateur marathon runners with reference values for the general male adult population and for 

professional athletes is presented in Table 3. It shows the percentage of amateur athletes 

exceeding the upper reference value for the adult population (URP) and the upper value range 

for highly-trained athletes (URA). The IVS population norm of 10 mm was exceeded in 19 

(56%) runners and in 3 (9%) participants it was ≥ 13 mm (13 mm, 14.7 mm and 17 mm). The 

LV PW was ≥ 13 mm in 2 runners (13.6 mm and 14 mm). One subject was diagnosed with 

hypertrophic cardiomyopathy (HCM). All participants with LV enlargement (as indicated by 

LV EDV) showed IVS > 10 mm, but only 3 runners with IVS > 10 mm presented with an 

enlarged LV. One runner had mildly abnormal LV EF of 51%. The LV GLS was abnormal in 

4 (12%) runners (> –18.9%) whereas the RV strain was altered in 6 (18%) amateurs (> –

20%). The median S’RV was 14 cm/s (range 9–19 cm/s). In 1 participant the abnormal S’RV 

below 9.5 cm/s was found, whereas TAPSE was within normal ranges. 

There was a negative correlation between the achieved marathon times and training 

distance (r = –0.4, p < 0.05) or oxygen uptake at the anaerobic threshold (VO2AT) (r = –0.38, 

p < 0.05). The training distance [km/week] correlated with LAVI (r = 0.44, p < 0.05). The RA 

area correlated with LAVI (r = 0.46, p < 0.05) and RVd (r = 0.49, p < 0.05). 

The CMR was performed in 6 (18%) amateur marathon runners. The reasons for the 

CMR referral are presented in Table 4; all showed several abnormalities in ECHO and the 

most frequent was increased IVS. Results from CMR imaging are presented in Tables 4 and 5. 

The major abnormality was enlarged volume and depressed RV function. The RV ESV was 

increased in all runners and RV EDV in 1 individual. All those 6 participants presented 

reduced RV EF with a median of 46%. The LV was enlarged in 3 subjects (LV ESV was 

increased in all of them, while LV EDV in 1). In 3 participants LV EF was slightly below the 

lower reference limit. In 1 participant CMR imaging confirmed HCM with asymmetric 

hypertrophy (LVH) of LV segments: basal infero-septum and basal antero-septum with 



maximum wall thickness of 17 mm. In addition, the LGE revealed myocardial fibrosis within 

hypertrophic ventricular segments. LGE was present only in this participant. In addition, in 1 

individual CMR raised suspicion of atrial septum defect of 6 mm in diameter.  

Discussion  

The study group represented a non-elite runner population. However, the reported 

finishing times vary between studies, the average time of the marathon run among amateur 

participants oscillates around 3.5 h, similar to the present group [13]. Professional athletes 

cover this distance within 2.3 h [14]. Regarding training volumes, the weekly distance in 

highly-trained elite and national-class runners is 145.3 ± 25.6 km [14], whereas in the current 

group it was 56.5 ± 19.7 km, comparable to other studies on amateurs [15]. The mean 

VO2peak was similar to those previously reported among runners with comparable running 

performance [13]. The more time subjects spent on training the better marathon time they 

achieved. The VO2AT appeared to be prognostic for obtained outcome at the finishing-line. 

Training-induced changes in cardiac morphology, named the “athlete’s heart” are a 

common finding among professional athletes. Recurrent exercise-induced pressure or volume 

overload causes cardiac remodeling with increased chamber dimensions, LV mass and LV 

wall thickness [4, 7]. Physiological in elite athletes, these modifications in the general adult 

population are considered pathological. Type of exercise, its intensity, duration of training, 

age, sex, race, BSA and other unrecognized individual factors can influence the occurrence of 

“athlete’s heart” [4, 16]. It can appear even after 8 weeks of intense training and may 

disappear after sport termination [17, 18]. The question arises, whether the “athlete’s heart” 

features also develop in middle-aged recreational runners. In the present group of amateur 

marathon runners, the cardiac dimensions assessed by ECHO frequently exceeded those 

obtained in sedentary controls, as well as reference ranges for the general adult population. 

Atrial enlargement was one of the most common findings and both atria were significantly 

larger in comparison to sedentary controls. Due to significant hemodynamic overload and 

increased atrial pressure during intense exercise, larger LA in professional athletes were 

expected with volumes on average of 7.0 mL/m2 greater than those met in the general 

population [19, 20]. Noteworthy, in the present study was that LAVI in amateur runners 

exceeded not only upper value ranges for the general population, but in half of them upper 

ranges were also reported for highly trained athletes. The more time runners spent on training 

the more their LA was enlarged, which was demonstrated by positive correlation between 



LAVI and weekly training distance. More than half of the current group had an enlarged RA 

area and changes in RA correlated with those of LA. Possibly, atria of amateur runners are 

especially prone to enlargement and this magnification may not happen without consequences 

— as we know that exercise-induced atrial remodeling increases the risk of atrial fibrillation 

[21]. The next important finding in the amateur runners studied was the LV thickening, which 

was significant in comparison with sedentary controls. The measurement of the wall thickness 

is especially important in differential diagnosis between physiological exercise-induced LVH 

and HCM. HCM remains one of the most common causes of sudden cardiac death in elite 

athletes and individuals with this diagnosis are advised to discontinue competitive sport 

activity [22, 23]. The LV wall of 13–14 mm is the grey zone in differential diagnosis among 

athletes and HCM patients, whereas ≥ 15 mm or evident asymmetric hypertrophy suggests 

pathology [16, 23]. The prevalence of LV wall thickness ≥ 13 mm was reported as 1.7% 

among athletes, however training-related IVS can (rarely) reach even 16 mm [7]. In the group 

studied the IVS of ≥ 13 mm was more frequent. Two cases raised suspicion of HCM, and was 

later confirmed in one individual. The recognition of HCM never relies on a single ECHO 

parameter and the assessment of diastolic function may also be helpful [16, 23]. The exercise-

related LV thickening usually corresponds with LV enlargement, whereas in HCM patients 

the LV diastolic volume is rather small [16]. In the current study, LV dilation was rarely 

encountered and IVS thickening was not observed parallel to LV enlargement. What can be 

used to differentiate “athlete’s heart” with cardiomyopathies is the speckle tracking-derived 

LV GLS assessment, which enables detection of systolic abnormalities much earlier than the 

LV EF deteriorates [23, 24]. The sedentary population norms of LV GLS vary between 

studies, according to meta-analysis it should not be > –18.9%. Nevertheless, one should take 

into account the software that was used — in EchoPAC from GE the lower limit of normal 

range for LV GLS is –18% [5, 9]. Noteworthy, LV GLS normal values for athletes resemble 

those for the general population and abnormal LV GLS (especially when > –15%) in athletes 

should not be regarded as cardiac training adaptation, but rather as pathological and should 

prompt further diagnostics [24].  

As RV remodeling is one of the most characteristic features of “athlete’s heart” it is 

necessary to apply special normative reference values for RV evaluation in elite athletes [6]. 

In healthy sportsmen, the size of RV is increased but its function is preserved, although 

according to recent meta-analysis athletes present lower RV EF in CMR than the general 

population (with mean of 52%) [25]. The RV enlargement is also typical for arrhythmogenic 



RV cardiomyopathy (ARVC), which should be ruled out in differential diagnosis [26]. In the 

present study nearly half of the amateur runners showed enlarged RV (RVOT prox). Standard 

2D echocardiographic evaluation of RV remains challenging, because of its complicated 

structure and lack of a single parameter that would precisely describe RV systolic function 

[27]. The assessment of RV is very important, as RV, may be “the Achilles heel” of the 

competing heart. In the current study 6 participants presented with slightly reduced RV 

systolic function, as indicated by abnormal RV strain and also decreased S’RV in one subject. 

It has also been shown previously in elite athletes, that adaptation for training means better 

RV deformation and that there is a correlation between training experience and RV strain; the 

more years of training — the more negative the RV strain values can be [28].  

ECHO remains the main tool in the recognition of the “athlete’s heart” and in 

differential diagnosis with cardiomyopathies. Nevertheless, CMR provides the most accurate 

estimation of both ventricles including the prevalence of myocardial fibrosis [29]. The 

presence of LGE in hypertrophic segments may suggest HCM, but it does not always mean a 

certain diagnosis [23, 30]. Generally, in elite athletes, CMR mainly demonstrates the 

biventricular enlargement of volumes: EDV and ESV [29, 31]. Usually these changes are 

symmetrical and those in the RV reflect those in the LV [25, 32]. In the present study nearly 

half of participants presented enlarged RV but it was not accompanied by an increase in LV 

diameters or volumes. These observations were previously explained as RV sensitiveness and 

an expected response to increased overload [25]. Nevertheless, current results concerning the 

RV and LV systolic function suggest difficulties of RV for amateur marathon runners to adapt 

to exercise and can support a thesis that RV as an “Achilles heel” of the competing heart. Not 

only RV but also RA may limit the heart function, as in the present group, both right heart 

chambers were dilated and the RA area and RVd correlated positively. Probably, the right 

heart of predisposed individuals, when exposed to repetitive episodes of overload, may be 

prone to irreversible damage. The recurrent extreme effort can lead to so-called Phidippides 

cardiomyopathy, in which the focal areas of cardiac fibrosis develop and become the substrate 

for ventricular arrhythmias and a reason for sudden death [33]. 

 

Conclusions  

The results of the present study demonstrate that “athlete’s heart” features do develop 

in amateur marathon runners. One of the most important findings was increased LAVI, which 

exceeded even the upper reference limit for highly-trained athletes in half of the study 



participants. It may reflect abnormal atrial response to pressure overload in recreational 

marathon runners not sufficiently adapted to endurance exercise. Another important issue was 

the high prevalence of IVS thickening among amateur athletes and a confirmed diagnosis of 

HCM in one participant. Echocardiography should play a pivotal role in the medical 

assessment of this population. In individuals with the history of marathon attendance ECHO 

reference values for highly trained elite athletes may be more helpful than those applied for 

the general adult population. CMR imaging is indicated when it is difficult to differentiate 

between physiological “athlete’s heart” remodeling and conditions like HCM.  

 

Conflict of interest: None declared 

 

References 

1. Predel HG. Marathon run: cardiovascular adaptation and cardiovascular risk. Eur 

Heart J. 2014; 35(44): 3091–3098, doi: 10.1093/eurheartj/eht502, indexed in Pubmed: 

24408890. 

2. Kaleta AM, Lewicka E, Dąbrowska-Kugacka A, et al. Intensive exercise and its effect 

on the heart: Is more always better? Cardiol J. 2017; 24(2): 111–116, doi: 

10.5603/CJ.2017.0039, indexed in Pubmed: 28421587. 

3. Leyk D, Erley O, Gorges W, et al. Performance, training and lifestyle parameters of 

marathon runners aged 20-80 years: results of the PACE-study. Int J Sports Med. 

2009; 30(5): 360–365, doi: 10.1055/s-0028-1105935, indexed in Pubmed: 19277939. 

4. Prior D, La Gerche A. The athlete's heart. Heart. 2012; 98(12): 947–955, doi: 

10.1136/heartjnl-2011-301329. 

5. Lang R, Badano L, Mor-Avi V, et al. Recommendations for Cardiac Chamber 

Quantification by Echocardiography in Adults: An Update from the American Society 

of Echocardiography and the European Association of Cardiovascular Imaging. Eur 

Heart J Cardiovasc Imaging. 2015; 16(3): 233–271, doi: 10.1093/ehjci/jev014. 

6. D'Ascenzi F, Pelliccia A, Solari M, et al. Normative reference values of right heart in 

competitive athletes: a systematic review and meta-analysis. J Am Soc Echocardiogr. 

2017; 30(9): 845–858.e2, doi: 10.1016/j.echo.2017.06.013, indexed in Pubmed: 

28865556. 

7. Pelliccia A, Maron BJ, Spataro A, et al. The upper limit of physiologic cardiac 

hypertrophy in highly trained elite athletes. N Engl J Med. 1991; 324(5): 295–301, 

doi: 10.1056/NEJM199101313240504, indexed in Pubmed: 1824720. 

8. D'Andrea A, Riegler L, Cocchia R, et al. Left atrial volume index in highly trained 

athletes. Am Heart J. 2010; 159(6): 1155–1161, doi: 10.1016/j.ahj.2010.03.036, 

indexed in Pubmed: 20569734. 

9. Yingchoncharoen T, Agarwal S, Popović ZB, et al. Normal ranges of left ventricular 

strain: a meta-analysis. J Am Soc Echocardiogr. 2013; 26(2): 185–191, doi: 

10.1016/j.echo.2012.10.008, indexed in Pubmed: 23218891. 

10. Rudski LG, Lai WW, Afilalo J, et al. Guidelines for the echocardiographic assessment 

of the right heart in adults: a report from the American Society of Echocardiography 

endorsed by the European Association of Echocardiography, a registered branch of the 

http://dx.doi.org/10.1093/eurheartj/eht502
https://www.ncbi.nlm.nih.gov/pubmed/24408890
http://dx.doi.org/10.5603/CJ.2017.0039
https://www.ncbi.nlm.nih.gov/pubmed/28421587
http://dx.doi.org/10.1055/s-0028-1105935
https://www.ncbi.nlm.nih.gov/pubmed/19277939
http://dx.doi.org/10.1136/heartjnl-2011-301329
http://dx.doi.org/10.1093/ehjci/jev014
http://dx.doi.org/10.1016/j.echo.2017.06.013
https://www.ncbi.nlm.nih.gov/pubmed/28865556
http://dx.doi.org/10.1056/NEJM199101313240504
https://www.ncbi.nlm.nih.gov/pubmed/1824720
http://dx.doi.org/10.1016/j.ahj.2010.03.036
https://www.ncbi.nlm.nih.gov/pubmed/20569734
http://dx.doi.org/10.1016/j.echo.2012.10.008
https://www.ncbi.nlm.nih.gov/pubmed/23218891


European Society of Cardiology, and the Canadian Society of Echocardiography. J 

Am Soc Echocardiogr. 2010; 23(7): 685–713; quiz 786, doi: 

10.1016/j.echo.2010.05.010, indexed in Pubmed: 20620859. 

11. Kramer CM, Barkhausen J, Flamm SD, et al. Standardized cardiovascular magnetic 

resonance imaging (CMR) protocols, society for cardiovascular magnetic resonance: 

board of trustees task force on standardized protocols. J Cardiovasc Magn Reson. 

2008; 10: 35, doi: 10.1186/1532-429X-10-35, indexed in Pubmed: 18605997. 

12. Kaleta AM, Lewicka E, Dąbrowska-Kugacka A, et al. Electrocardiographic 

abnormalities in amateur male marathon runners. Adv Clin Exp Med. 2018; 27(8): 

1091–1098, doi: 10.17219/acem/73700, indexed in Pubmed: 29911749. 

13. Gordon D, Wightman S, Basevitch I, et al. Physiological and training characteristics 

of recreational marathon runners. Open Access J Sports Med. 2017; 8: 231–241, doi: 

10.2147/OAJSM.S141657, indexed in Pubmed: 29200895. 

14. Karp JR. Training characteristics of qualifiers for the U.S. Olympic Marathon Trials. 

Int J Sports Physiol Perform. 2007; 2(1): 72–92, doi: 10.1123/ijspp.2.1.72, indexed in 

Pubmed: 19255456. 

15. Neilan TG, Januzzi JL, Lee-Lewandrowski E, et al. Myocardial injury and ventricular 

dysfunction related to training levels among nonelite participants in the Boston 

marathon. Circulation. 2006; 114(22): 2325–2333, doi: 

10.1161/CIRCULATIONAHA.106.647461, indexed in Pubmed: 17101848. 

16. Wasfy MM, Weiner RB. Differentiating the athlete's heart from hypertrophic 

cardiomyopathy. Curr Opin Cardiol. 2015; 30(5): 500–505, doi: 

10.1097/HCO.0000000000000203, indexed in Pubmed: 26196658. 

17. Mahdiabadi J, Gaeini AA, Kazemi T, et al. The effect of aerobic continuous and 

interval training on left ventricular structure and function in male non-athletes. Biol 

Sport. 2013; 30(3): 207–211, doi: 10.5604/20831862.1059302, indexed in Pubmed: 

24744490. 

18. Pelliccia A, Maron BJ, De Luca R, et al. Remodeling of left ventricular hypertrophy in 

elite athletes after long-term deconditioning. Circulation. 2002; 105(8): 944–949, doi: 

10.1161/hc0802.104534, indexed in Pubmed: 11864923. 

19. Iskandar A, Mujtaba MT, Thompson PD. Left Atrium Size in Elite Athletes. JACC 

Cardiovasc Imaging. 2015; 8(7): 753–762, doi: 10.1016/j.jcmg.2014.12.032, indexed 

in Pubmed: 26093921. 

20. Flannery MD, Kalman JM, Sanders P, et al. State of the Art Review: Atrial 

Fibrillation in Athletes. Heart Lung Circ. 2017; 26(9): 983–989, doi: 

10.1016/j.hlc.2017.05.132, indexed in Pubmed: 28606607. 

21. Elliott AD, Linz D, Verdicchio CV, et al. Exercise and Atrial Fibrillation: Prevention 

or Causation? Heart Lung Circ. 2018; 27(9): 1078–1085, doi: 

10.1016/j.hlc.2018.04.296, indexed in Pubmed: 29891251. 

22. Maron BJ, Haas TS, Ahluwalia A, et al. Demographics and Epidemiology of Sudden 

Deaths in Young Competitive Athletes: From the United States National Registry. Am 

J Med. 2016; 129(11): 1170–1177, doi: 10.1016/j.amjmed.2016.02.031, indexed in 

Pubmed: 27039955. 

23. Elliott PM, Anastasakis A, Borger MA, et al. 2014 ESC Guidelines on diagnosis and 

management of hypertrophic cardiomyopathy: the Task Force for the Diagnosis and 

Management of Hypertrophic Cardiomyopathy of the European Society of Cardiology 

(ESC). Eur Heart J. 2014; 35(39): 2733–2779, doi: 10.1093/eurheartj/ehu284, indexed 

in Pubmed: 25173338. 

24. Pelliccia A, Caselli S, Sharma S, et al. Internal reviewers for EAPC and EACVI. 

European Association of Preventive Cardiology (EAPC) and European Association of 

http://dx.doi.org/10.1016/j.echo.2010.05.010
https://www.ncbi.nlm.nih.gov/pubmed/20620859
http://dx.doi.org/10.1186/1532-429X-10-35
https://www.ncbi.nlm.nih.gov/pubmed/18605997
http://dx.doi.org/10.17219/acem/73700
https://www.ncbi.nlm.nih.gov/pubmed/29911749
http://dx.doi.org/10.2147/OAJSM.S141657
https://www.ncbi.nlm.nih.gov/pubmed/29200895
http://dx.doi.org/10.1123/ijspp.2.1.72
https://www.ncbi.nlm.nih.gov/pubmed/19255456
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.647461
https://www.ncbi.nlm.nih.gov/pubmed/17101848
http://dx.doi.org/10.1097/HCO.0000000000000203
https://www.ncbi.nlm.nih.gov/pubmed/26196658
http://dx.doi.org/10.5604/20831862.1059302
https://www.ncbi.nlm.nih.gov/pubmed/24744490
http://dx.doi.org/10.1161/hc0802.104534
https://www.ncbi.nlm.nih.gov/pubmed/11864923
http://dx.doi.org/10.1016/j.jcmg.2014.12.032
https://www.ncbi.nlm.nih.gov/pubmed/26093921
http://dx.doi.org/10.1016/j.hlc.2017.05.132
https://www.ncbi.nlm.nih.gov/pubmed/28606607
http://dx.doi.org/10.1016/j.hlc.2018.04.296
https://www.ncbi.nlm.nih.gov/pubmed/29891251
http://dx.doi.org/10.1016/j.amjmed.2016.02.031
https://www.ncbi.nlm.nih.gov/pubmed/27039955
http://dx.doi.org/10.1093/eurheartj/ehu284
https://www.ncbi.nlm.nih.gov/pubmed/25173338


Cardiovascular Imaging (EACVI) joint position statement: recommendations for the 

indication and interpretation of cardiovascular imaging in the evaluation of the 

athlete's heart. Eur Heart J. 2018; 39(21): 1949–1969, doi: 10.1093/eurheartj/ehx532, 

indexed in Pubmed: 29029207. 

25. D'Ascenzi F, Anselmi F, Piu P, et al. Cardiac Magnetic Resonance Normal Reference 

Values of Biventricular Size and Function in Male Athlete's Heart. JACC Cardiovasc 

Imaging. 2019; 12(9): 1755–1765, doi: 10.1016/j.jcmg.2018.09.021, indexed in 

Pubmed: 30553678. 

26. Chivulescu M, Haugaa K, Lie ØH, et al. Right ventricular remodeling in athletes and 

in arrhythmogenic cardiomyopathy. Scand Cardiovasc J. 2018; 52(1): 13–19, doi: 

10.1080/14017431.2017.1416158, indexed in Pubmed: 29254378. 

27. Wu VCC, Takeuchi M. Echocardiographic assessment of right ventricular systolic 

function. Cardiovasc Diagn Ther. 2018; 8(1): 70–79, doi: 10.21037/cdt.2017.06.05, 

indexed in Pubmed: 29541612. 

28. Konopka M, Krol W, Burkhard-Jagodzinska K, et al. Echocardiographic assessment 

of right ventricle adaptation to endurance training in young rowers - speckle tracking 

echocardiography. Biol Sport. 2016; 33(4): 335–343, doi: 

10.5604/20831862.1216659, indexed in Pubmed: 28090137. 

29. Sharma S, Malhotra A. Cardiac Magnetic Resonance Imaging in Athletes: Acquiring 

the Bigger Picture. JACC Cardiovasc Imaging. 2019; 12(9): 1766–1768, doi: 

10.1016/j.jcmg.2018.10.012, indexed in Pubmed: 30553669. 

30. Galderisi M, Cardim N, D'Andrea A, et al. The multi-modality cardiac imaging 

approach to the Athlete's heart: an expert consensus of the European Association of 

Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging. 2015; 16(4): 353, doi: 

10.1093/ehjci/jeu323, indexed in Pubmed: 25681828. 

31. Mangold S, Kramer U, Franzen E, et al. Detection of cardiovascular disease in elite 

athletes using cardiac magnetic resonance imaging. Rofo. 2013; 185(12): 1167–1174, 

doi: 10.1055/s-0033-1350130, indexed in Pubmed: 23897528. 

32. Spence AL, Carter HH, Murray CP, et al. Magnetic resonance imaging-derived right 

ventricular adaptations to endurance versus resistance training. Med Sci Sports Exerc. 

2013; 45(3): 534–541, doi: 10.1249/MSS.0b013e3182780b0e, indexed in Pubmed: 

23073215. 

33. Trivax JE, McCullough PA. Phidippides cardiomyopathy: a review and case 

illustration. Clin Cardiol. 2012; 35(2): 69–73, doi: 10.1002/clc.20994, indexed in 

Pubmed: 22222888. 

34. Nagueh SF, Smiseth OA, Appleton CP, et al. Recommendations for the Evaluation of 

Left Ventricular Diastolic Function by Echocardiography: An Update from the 

American Society of Echocardiography and the European Association 

of Cardiovascular Imaging. J Am Soc Echocardiogr. 2016; 29(4): 277–314, doi: 

10.1016/j.echo.2016.01.011, indexed in Pubmed: 27037982. 

35. Kawel-Boehm N, Maceira A, Valsangiacomo-Buechel ER, et al. Normal values for 

cardiovascular magnetic resonance in adults and children. J Cardiovasc Magn Reson. 

2015; 17: 29, doi: 10.1186/s12968-015-0111-7, indexed in Pubmed: 25928314. 

 

 

 

 

http://dx.doi.org/10.1093/eurheartj/ehx532
https://www.ncbi.nlm.nih.gov/pubmed/29029207
http://dx.doi.org/10.1016/j.jcmg.2018.09.021
https://www.ncbi.nlm.nih.gov/pubmed/30553678
http://dx.doi.org/10.1080/14017431.2017.1416158
https://www.ncbi.nlm.nih.gov/pubmed/29254378
http://dx.doi.org/10.21037/cdt.2017.06.05
https://www.ncbi.nlm.nih.gov/pubmed/29541612
http://dx.doi.org/10.5604/20831862.1216659
https://www.ncbi.nlm.nih.gov/pubmed/28090137
http://dx.doi.org/10.1016/j.jcmg.2018.10.012
https://www.ncbi.nlm.nih.gov/pubmed/30553669
http://dx.doi.org/10.1093/ehjci/jeu323
https://www.ncbi.nlm.nih.gov/pubmed/25681828
http://dx.doi.org/10.1055/s-0033-1350130
https://www.ncbi.nlm.nih.gov/pubmed/23897528
http://dx.doi.org/10.1249/MSS.0b013e3182780b0e
https://www.ncbi.nlm.nih.gov/pubmed/23073215
http://dx.doi.org/10.1002/clc.20994
https://www.ncbi.nlm.nih.gov/pubmed/22222888
http://dx.doi.org/10.1016/j.echo.2016.01.011
https://www.ncbi.nlm.nih.gov/pubmed/27037982
http://dx.doi.org/10.1186/s12968-015-0111-7
https://www.ncbi.nlm.nih.gov/pubmed/25928314


Table 1. Characteristics of amateur marathon runners studied (n = 34). 

Parameter Marathon runners 

Training distance [km/week] 56.5 ± 19.7 

Training time [h/week] 6.5 ± 2.3 

Marathon finishing time [h] 3.7 ± 0.4 

Cardiopulmonary exercise test:  

 VO2peak [mL/kg/min] 53.7 ± 6.9 

VO260sec [mL/kg/min] 19.9 ± 3.7 

VO2AT [mL/kg/min] 39.7 ± 6.9  

Respiratory exchange ratio 1.2 ± 0.1 

Time of effort [min] 12:46 ± 1:24 

HR max [bpm] 178 ± 12 

HR in 180 s of recovery [bpm] 111 ± 16 

Data are shown as mean ± standard deviation; VO2peak — peak oxygen intake; VO260sec — 

oxygen intake at 60 s of recovery; VO2AT — oxygen intake at anaerobic threshold; HR — 

heart rate 

 

Table 2. Results of echocardiographic examination performed in amateur marathon runners 

and subjects from the control group. 

Parameter 
Marathon runners 

(n = 34) 

Control group (n 

= 15) 
P 

Age [years] 41 (24–55) 42 (24–55) > 0.6709^ 

Weight [kg] 80 (67–97) 80 (64–100) > 0.3878^ 



Height [cm] 180 (165–188) 177 (169–195) > 0.7643^ 

BSA [m2] 2.0 (1.8–2.2) 2.0 (1.7–2.2) > 0.5206^ 

BMI [kg/m2] 25 (19–29) 25 (22–31) > 0.2069^ 

LAVI [mL/m2] 36 (21–51) 27 (17–35) < 0.0001^ 

RA area [cm2] 19 (14–25) 16 (11–20) < 0.0005^ 

LV EDV [ml] 122 (78–176) 105 (66–164) > 0.0732^ 

LV ED [mm] 52 (45–58) 50 (39–59) > 0.0729^ 

IVS [mm] 11 (7–17) 10 (7–10) < 0.0001# 

LV PW [mm] 11 (7–14) 10 (7–11) < 0.0206^ 

LV mass [g/m2] 97 (61–117) 77 (62–108) < 0.00001^ 

LV EF [%] 66 (51–86) 62 (56–74) > 0.1896^ 

LV GLS [%] –20 [–17 – (–25)] –20 [–17 – (–23)] > 0.4363^ 

RVOT prox [mm] 30 (21–38) 30 (25–36) > 0.6764^ 

RVd [mm] 37 (25–47) 30 (27–40) < 0.0179^ 

TAPSE [mm] 24 (19–32) 23 (20–27) > 0.4550^ 

RV strain [%] –22 [–27 – (–18)] –24 [–26 – (–19)] > 0.2978^ 

Data are shown as median (range); ^The Student t-test; #The Mann–Whitney U test; BSA — 

body surface area; BMI — body mass index; LAVI — left atrial volume indexed to body 

surface area; RA — right atrial; LV — left ventricular; EDV — end-diastolic volume; ED — 

end-diastolic dimension; IVS — interventricular septum diastolic diameter; PW — posterior 

wall diameter; EF — ejection fraction; GLS — global longitudinal peak strain; RVd — right 

ventricular diameter; RVOT prox — proximal right ventricular outflow tract diameter; 

TAPSE — tricuspid annular plane systolic excursion 

 



Table 3. Results of echocardiographic examination performed in amateur marathon runners 

(n = 34) in comparison with reference ranges for the general male adult population and with 

reference ranges for professional athletes. 

Parameter 

Reference 

ranges for 

adults 

(range) 

Runners with 

values exceeding 

the upper 

reference value 

for the adult 

population 

(URP) 

N (%) 

Reference 

ranges for 

highly 

trained 

athletes 

(range) 

Runners with 

values exceeding 

the upper 

reference value 

for highly trained 

athletes (URA)  

N (%) 

LA AP [mm] 30–40[5] 13 (38) 24–48[8] 0 (0) 

LAVI [mL/m2] 16–34[5] 19 (56) 26–36[8] 17 (50) 

RA area [cm2] 10–18[10] 19 (56) 14–23[6] 3 (9) 

LV EDV [mL] 62–150[5] 3 (9) 180–340[4] 0 (0) 

LV ED [mm] 42–58[5] 0 (0) 44–66[7] 0 (0) 

IVS [mm] 6–10[5] 19 (56) 7–16[7] 1 (3) 

LV PW [mm] 6–10[5] 14 (41) 7–13[7] 2 (6) 

LV mass [g/m2] 50–102[5] 10 (29) 62–176[7] 0 (0) 

RVd [mm] 25–41[5] 5 (15) 38–42[6] 3 (9) 

RVOT prox [mm] 20–30[5] 16 (47) 26–33[6] 6 (18) 

LA AP — left atrial anteroposterior dimension. For other abbreviations see Table 2 

 

Table 4. Results of cardiac magnetic resonance imaging (CMR) performed in amateur 

marathon runners with abnormalities revealed in echocardiographic (ECHO) examination. 



No. 

Reason for CMR 

CMR results 

ECHO abnormalities 

M06 

LV GLS Avg –17%, with abnormal LV GLS pattern 

GLS 2C –16%, GLS 4C –17%, GLS Aplax –17% (n: > –

18.9%)[9] 

RVd 47 mm  

Slightly reduced LV EF (53%) and 

RV EF (44%). Enlarged LV (LV 

ESV 86 mL) and RV (RV ESV 118 

mL) 

M29 

IVS 14.7 mm  

E’LAT 8 cm/s (n: > 10 cm/s)[34] 

RV strain –19% (n: > –20%)[10] 

Slightly reduced LV EF (54%) and 

RV EF (42%), LV hypertrophy 

(IVS 13 mm), enlarged LV (LV 

ESV 79 mL) and RV (RV ESV 119 

mL) 

M38 

IVS 17 mm  

LV EF 51%  

E’SEPT 6 cm/s (n: > 7 cm/s)[34] 

LV GLS Avg –18%, abnormal LV GLS pattern 

GLS 2C –17%, GLS 4C –17% (n: > –18.9%)[9] 

RVOT prox 31 mm 

Hypertrophic cardiomyopathy (IVS 

17 mm), LGE present 

Slightly reduced RV EF (47%) and 

enlarged RV (RV ESV 97 mL) 

Increased LA area (30 cm2) 

M39 

IVS 12 mm 

LV GLS Avg –17%, abnormal LV GLS pattern 

GLS 2C –17%, GLS 4C –16% (n: > –18.9%)[9] 

RV strain –18% (n: > –20%)[10] 

LV ED 52 mm 

Slightly reduced RV EF (42%) and 

enlarged RV (RV ESV 112 mL) 

M40 

IVS 13 mm 

E’SEPT 7 cm/s (n: > 7 cm/s)[34] 

Atrial septal defect 

Slightly reduced RV EF (48%) and 



S’RV 9 cm/s (n: > 9.5 cm/s)[10] 

RV strain –19% (n: > –20%)[10] 

RVOT prox 32 mm 

LV ED 49 mm 

enlarged RV (RV ESV 103 mL) 

M41 

IVS 12 mm 

Abnormal LV GLS pattern: GLS Avg –17%, GLS 2C –16% 

(n: > –18.9%)[9] 

LV EDV 176 mL 

Slightly reduced LV EF (56%) and 

RV EF (49%). Enlarged LV (LV 

EDV 245 mL, LV ESV 107 mL) 

and RV (RV EDV 239 mL, RV 

ESV123 mL) 

For abbreviations see Table 2, for echocardiographic reference values see Table 3; values 

outside the range for adults. For cardiac magnetic resonance reference values see Table 5; No. 

— number of marathon runners; Avg — averaged; 2C — two chamber view; 4C — four 

chamber view; Aplax — apical long axis view; S’RV — spectral tissue Doppler tricuspid 

lateral annulus peak systolic velocity; LGE —late gadolinium enhancement; E’— spectral 

tissue Doppler mitral early diastolic peak velocity (SEPT — measured on IVS; LAT — 

measured on lateral wall) 

 

Table 5 Results of cardiac magnetic resonance examination (CMR) in amateur marathon 

runners. 

Parameter 
Study participants (n = 6); 

median (range) 

Reference values for men < 60 

years [35] (range) 

LA area 4C [cm2] 24 (18–30) 15–29 

RA area 4C [cm2] 22 (20–30) 14–30 

LV EDV [mL] 182 (152–245) 119–203 

LV ESV [mL] 76 (60–107) 33–77 

LV EF [%] 59 (53–62) 57–75 



LV mass [g] 165 (155–199) 107–187 

RV EDV [mL] 202 (184–239) 119–219 

RV ESV [mL] 115 (97–123) 32–92 

RV EF [%] 46 (42–49) 50–78 

For abbreviations see Table 2; LA — left atrial; RA — right atrial; 4C — four chamber view; 

RV EF — right ventricular ejection fraction; ESV — end-systolic volume 

 

 

 


