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Abstr.ct: 
High-level athletes, such as football players, undergo prolonged and intense training regimens that can lead to 
adaptive structural and functional changes in Lhe heart . Athlete's heart syndrome is perhaps the most well-knO\sn 
of lhe.se alterations exhibiting adaptive responses such as left ventricular hypertrophy, considered benign and 
without intervention. However, there can be overlap between the adaptations obscrved in athle te's heart and 
pathological changes like hypertrophic cardiomyopathy, making it challenging to differentiate between the two. 
h is importanl to emphasize 1h.11 football is charac1erized by its intermittent nature, tnilizing aerobic metabolism, 
but also involving high-i ntensity actions that place significant strain on anaerobic metabolism. Toe present study 
aim., to analyze cardiac structural and functional changes in high-performancc football players (after finishing 
the competitive period and in a pre-co mpetitive rest period) and to compare them with the patients with 
hypertrophic cardiomyopathy with implantable cardioverter defibrillators (N = 10). We analyzed seven elite 
foo tba ll players who competed in the professional Portuguese league. ln addition to heart rate and blood pressure 
measurements, data from electrocardiograms, echocardiograms, and blood samples were collected to assess 
biomarkers indicative of necrosis or myocardial stres.,, including high-sensitivity Troponin 1. The results suggest 
that high-performance foo tball players during the competitive phase exhibited elevated markers (non­
pathological valucs) ofmyocardial necrosi,, possibly dueto intense physical exertion. However, the elevation of 
these biomarkers is significantly higher in patients with hypertrophic cardiomyopathy. The measurement of these 
biomarkers may aid in distinguishing between 'a thlete's heart' and hypertrophic cardiomyopathy, particularly in 
challenging cases of differential diagnosis. 
Kev Words: - athlete; carcliac; hvpertrophk m,·ourcliopatby; necrosis; troponin I; footbaU 

lntrod uction 
Football is an interminent sport that mainly uses aerobic metabolism, interspersed with high-intensity 

ac tions that put a huge strain on anaerobic metabolism (Barba , F., et al.,2020; Papancrová, A., e t ai. , 2024). The 
typical distance travelled by a high-level male field player during a match is 10-13 km (Di Mascio & Bradley, 
2013). Howeve r, most of the distance i, covered by walking and low-intensity ru1mã1g, and it is mainly the 
pcriods of high-inte1i,ity exercise tl1at are most important. The amount of high-speed running i, what 
disringuishes eli te pla yers rrom tltose who play at a lowe r leve!. Computerised t ime-morion analysis has shown 
tl1at players perform 28%, more high-intensity runs (2.43 vs. 1.90 km) and 58"/4 more sprints (650 vs. 410 m) 
tl1an professional players who are ata lower leve! (Mohr e t ai. , 2003). lngebrigtsen et ai.(2012) found tha t the 
top teams ã1 the Danish league perfonned 30-40% more distance nmning at high speed compared to teams in the 
middlc or boltom of the league tablc (lngebrigtscn ct ai. , 20 12). 

ln swnmary, it seems safe to conclude that the elite footballe r has to be a ble to perform repeated high­
intensity exercise and also that nwnerous factors influence the distance travelled in a game, and these can 
includc physical ability, tcchnical qualities, position in the game, their tactical role, tlte stylc ofplay, the team's 
possession of the ball , the quality of the opponent, the importance of the game, the seasonal period, as well as 
environmental factors (Bangsbo, 2014). 
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Intennittenl exercise, such as football , involves strong muscle contraclions. ln part icular, ooncenrric 
propulsive forces during the acceleration phase, and eccentric braking forces during the deceleration phase, a re 
highly associa ted wi th skeletal muscle damage and the inflammatory response (Lspirlidis et ai., 200 ). 
The study by Aslan, A ., et ai (20 19), revealed that, even when practised rccrea tionally by players, tlieir prac tice 
induced increases in biomarkers in relation to shon-tenn damage in cardiac and skeletal musclc, as well as in the 
inílammatory profile, this in young and middle-aged pan icipants (Aslan et ai. , 20 19). 
Football players are usually selected for their most advaniageous anthropometr ic charac terist ics, which will 
allow tl1em to compete at the highest levei of perfonnance, and th is is a requirement for football (Stelen e t ai. , 
2005). 

T liere is an age-dcpendent prevalencc of tlle main pathologics undcrlying sudden death in athletcs. The 
main causes in young athle tcs (<35 years old) include hypenrnphic cardiomyopathy (HCM), congeniial 
anomalics of the coronary a nery and arrhythmogenic right ventr icula r cardiomyopathy (ARVC) (Mavrogeni e t 
ai ., 2019). lt is therefore impon ant to distinguish be tween athlete's hean, a physiological condition, and 
hypenrophic cardiomyopatl1y, a pathological condition. 

T lie athlc tc's hcan is nonnally characterised by LV remodelling, wi th increased parieial thickncss and 
cavity dirnensions coexisting with preserva tion and improvemcnt of systolic and diastolic func tion (Cabanelas et 
ai ., 20 13). Exposure to tlie eve r- increasing demands of high-perforrnance spon can tum tliese physiological 
conditions into pathological ones (myocardial fibrosis (Malek & Bucciarelli-Ducci, 2020), hean failu re 
(Eijsvogels & Aengevaeren, 2023), changcs in heart rhythm (Carbone et ai. , 2017)). Oifferentiaring between 
tllese alterations, parricularly hypc rtrophic cardiomyopatl1y (HCM), is of real ãnponancc for clinicia,is (Vilades 
et ai. , 2021). 

The srudy by Perry, R. et ai (2019), carried out with thirty-six Australian Football league players with 
3.5 ± 2.7 years of professional training at the time of enrolment , prospectively underwent echocardiography in 
tl1e 2009, 2013 and 20 15 pr1>-seasons. ln these players, there were increascs in tlie size of the left ventricle (LV) 
and righ t ventriclc (R V) and in LV mass. Players over 25 years of age showed a trend towards an inc reasc in RV 
size anda decline in RV global longitudinal strain in tllcir ini tial examinations. Fitnes.s levei and playing posit ion 
also affec ted the degree of physiological a thletic cardiac remodelling (Perry et ai. , 20 19). 

Tliere are differences in the types of cardiac remodelling shown by athle tes, depending on the type of 
exercise they do. For example, endurance athletes who have been exercising for severa! years show eccentric 
cardiac remodell ing (Plews et ai., 2013), while trained endurance athle tes show concentric cardiac remodelling 
(Utomi et ai. , 2014). ln addition to tlie typc, levei and intcnsity of thc s porting ac tivity practiscd, othcr factors 
can have an iníluence on cardiac changes, ranging from the levei of competition, tlie intensity of tl1e training, as 
well as in tr insic charac teristics of the atl1lete themselves (CORÍCI et ai. , 2018). 

Troponin is the biomarker of choice for de tecting hean damage. lt is a faet tha t high troponin leveis a re 
highly specific for heart damage (Babuin & Jaffe, 2005). ln 2000, a joint commi ttee of tlie European Society of 
Cardiology and tlle American College of Cardiology (ES ACC) is..sued new criteria which recognised that 
elevations in biomarkers were fundamental for lhe diagnosis of acute myocardial infarction (Antman e t ai. , 2000) 
because symptorns can be atypical or non--existenl and changes in the electrocardiogram can be absent or nem• 
speciíic. ln order to understand and quantify the ex tent of possible cardiac damage caused by intense/prolonged 
physical exercise or "chronic load", troponins, and more specifically troponin 1, can be a valuable ally (Mahanty 
& Xi,2020). 

Hypenm phic cardiomyopa tl1y (HCM) is a ge1ie tic disease, so relativesofaffeeted people may be at risk. 
Cardiac troponin biomarkers have been shown to be elevated in HCM. T roponin I shows a positive and graded 
associ:uion with measurt5 of cardiac muscle mass in people at risk of H M, and when there is an increa.se in 
serum values, with possible hcan damage (McGorrian et ai., 20 13). Exercise can also produce cardiac troponã1 
elevatio1is. Until 110w, exercise-induced troponin elevations have been secn as the only benign form of tliese 
bio,narke r elevations. Howeve r, recent studies rcport intriguing findings tha t shed new light on the undertying 
mechanisms anel clinical relevance of exercise-induced troponin elevations. To what extent the release of 
troponins in atl1letes re presents a physiological response and what the thresl10ld is for it to become pathological 
is a qucstion that reinains a "grey" area (Aengevaeren et ai., 202 1). 

Tlie aim of our study wa.s to analyse cardiac struc tural and functional changcs ã1 high-performance 
foo tball players (after competition and at re.st) and compare them ,vith HCM patie nts with implantable 
cardiover1"r defibrilla tors. 

Material & niethod s 
tudy design 

A prospective observational study was carried out which included thc ca rdiological as.scssment of 
foo tballers from tlle Portuguese 2nd league, aged between 19 and 30 years old, and a group of patients witli 
HCM at high risk of sudden death and implantable cardiove rte r-defibrillators. The HCM patients were followed 
up a t the Cardiology clinic ofthe Coãnbra Hospiial and University Centre. 
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Data was collected from lhe athletes in lwo stages. The first was carried out before lhe starl of lhe 
championship, during the sports medical examinations., in an attemp t to ex pressa period without competition and 
wi tl1 reduced training loads, known as "rest". The second was carried oul al tlte end of the season, in the 
"window" of 48 hours following t.he end of the antepenultimate "matchday", known as ºafterthe match". 
AII participants who took pari in lhe study did so voluntarily and after obtaining informed con.senl. The study 
was approved by lhe Elhics Comminee of lhe Facuhy of Medicine of lhe University of Coimbra and by lhe 
National Data Protection Commission, under code 9325/201 7. 
Sample Characterization 

The sample of foot ball players consisted of 7 male players from a football team in Portugars second 
professional football league. ln genera~ lhese players train 5 days a week, !:\vice a day, with each training ses..,ion 
lasting an average of 1.5 hours, ,vilh tlte number of games per week va rying between I and 2. 
The athletes were compareci wilh I O MCH patients from lhe Cardiology Service of lhe Coimbra Universi ty 
Hospital Centre, all male, ,vi tl1 implantable cardioverter-<lefibrillators (ICOs), and aged bel:\veen 34 and 53. 
Evalua tions Performed 

The part icipants underwcnt a physical examination and their medical history ,vas takcn, with lhe maà1 
focus on identifying cardiovascular risk factors. 1l1eir sporting history ,vas also obtained, including years of 
praclice and age. Cardiac screening began wilh tlte measuremenl of systolic blood pressure (SBP) and diastolic 
blood pressure (OBP) as well as heart rate (H R). Data was then also collected from a 12-lead electrocardiogram 
(ECG), transthoracic echocardiogram (TTE) and blood samples. 
Electrocardiogr aphic Evaluation 

A 12- lead ECG was performed on all participants. The resulL, were analysed by three cardiologists. 
Echocardiographic Ev aluation 

Trans tl10racic echocardiograms were carried out by a cardiologist on all tlie part icipants using as a 
reference lhe recommendations of Lhe consensus docwnent and rocommendations for Transthoracic 
Echocardiography in Portugal (1wo-dime1i,ional, M-mode, colour Oop pler, pulsed , continuous and tis.sue, 
myocardial deformation by Speckle-Tracking) (Evangelista et ai. , 2008). Measurement, of lhe parietal thickness 
and dirnensions of lhe lefl vcntricle (LV) were observed in lhe parastemal long-axis ,vindow, relative wall 
tlticknes.s calculated by 2x LV posterior ,vall (LVPW)/ LV diastolic diameter (LVOO) (Jafary, 2007). LV 
volume was determined using lhe modified Simpson's rule, ,vilh images obtained in the apical ,vindow, four and 
two chambers. L.efl ventricular ejection fraction (LVEF) was obtained using the Simpson metl1od. Tissue 
Oopplcr irnagesof the mitral and 1ric11spid annuli werc obtained to de termine lhe Eand E' waves and lhe S' wave 
velocities. ln M mode, tlie tricuspid annular plane systolic excursion (TAPSE) ,vas determined. 
Blood sampling 

One of the mosl irnporlan l aspects of the research consisted of de termining the individual release of 
troponin I in football players, comparing the 2 moments (resl and after the game) and comparing the leveis of 
players aftcr tlte game with lhe leveis of patients ,vith HCM. 

tatistical Analysis 
The values of the individual characteristics are presen ted as mean ± standard deviation. 

Comparisons betwee11 lhe athlete's resting period and lhe post-match period we re made using the paired 
Studem's Hest or the Wilcoxon tesl. The paired parametr ic Student's l-lesl was used when lhe study populations 
followed normal distribution.,. Comparisons between athlctes and HCM patients were made using lhe 
independent Student's l-lesl or lhe Mann-Whitney U-tesl. The independenl parametric Student's l•test was used 
when the study popula tions followed normal distributions ,vith equal variances. The Shapiro-Wilk tesl was used 
to tesl the nonnality of conti nuous variables. Levene1s test was usecl to tesl the equality of population variances. 
The Spcannan or Pcarson coefficie11t, werc used to asses., lhe cxistcnce of correlation between pairs of variablcs. 
Thc analyses wc re carried out using lBM-SPSS software, version 25.0 (SPSS lnc., Chicago, Illinois). Statist ical 
significance was established when lhe p-value was <0.05. 

Results 
Table I characterises the football players in tenm of age, years of competi tion, hours of daily training 

and hours ofsleep. The age of the players varies betwcen 19 and 30 years, ,vith an avcragc of22.6 ± 3.60 years, 
and lhe average number of years competing is 14.3 ± 2.87 years (minimum= l O and maximum= l 8 years). 
Table 1 • haraclerisation of lhe sample of football playeJS for lhe variables: age and yeaJS of competilion. 

Characle.risdcs M.i.rL Milx. l\·tean D 
Age (yearS) 19 30 22.6 3,60 
YearS co1tpelilion 10 18 14.3 2.87 
1i.u .- minhnum; ·tax.- n11u.lmum; .. D tand ard devfa lton 

The primary resuhs in Table 2 show lhe numerical values of lhe echocardiograp hic and laborato ry 
paramelers observed al resl and after the malch (wi thin lhe "window" of 4 houJS afler lhe end of the match). 
Wilh regard to lhe echocardiographic and laboratory variables, statistically significanl differences were only 
observed for the variables L.eft Ventricular Ejection Fraction (LVEF) (61.1±4. 2% after lhe game versus 
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68.6±2.76% al rest, p=0.006), Lefl Auricle Area (LAA) (2 1. 4± 1.51 mm2 afler lhe game versus 17.1± 1.62mm2 al 
rest, p=0.0 16), Lefl Auricle Volume (LAV) (65.9±7. 06 mm3 afler tlie game versus 46.9±8.83 mm3 al resl, 
p=O.0 16), ra lio of mitral flow diaslolic velocity E lo mitral annulus diastolic velocity e' (E/e') (5.0±1.21 after the 
game versus 4.4±1. 26 al resl, p=0.018),and Troponin 1 (2.6± 1. 13 ngi\nL afler lhe game versus 1.9±0.00 n!l"mL 
al resl, two-tailed p=0.036), whcn comparing lhe 2 momcnls of lhe sarne alh lclcs wilh a two-lailcd paired 
hypotllesis tesl. AII lhe olher echocardiographic and laboralory biomarker variables were nol diffe renl betwee n 
the two measurement limes. 

Ta ble 2 - Analysis of clinical, echocardiographic and laboratory markers 
Characteris tH."$ Arte.reame R"'t Differeuee TS va lo< p atue 

Echocardíograph lc 
0,0061 LVEF(%) 61.1 ,.4.8 t 68.6"'2.76 -7.4"'4.76 -4.133 

LVDD (mm) 55J,.3.86 55.0,.4.58 0.3±2.31 0.135 0.8932 

LVSD (mm) 33,9,.5,08 35,0,.5.02 -1.1 ,43 -0.524 0,6882 

IVS (nun) 9,3,.0.95 8.3,l0.70 1.0,.1.27 1,863 0.063' 
PW(mm) 8, 1.27 8.8,.0.73 -0.2,. t,38 --0.314 0,844' 
LAA(mm2) 2,4,. 1.51 17 ,1,. 1.62 4.3±2,29 2,366 0,0162 

DLA(nun) 35_7,.3_73 37 J ,.2.82 -1.5"'2 .41 -1 .527 0.172' 
LA V (11un3) 65.9,.7.06 46.9,.8.83 18.9,.4.87 2366 0,0162 

E' side 17.0,.258 19.1 ,.3.89 -2.1 .36 - 1.355 0.203' 
FJe' ralio 5.0,. 1.21 4.4,. 126 0.6"'0.44 2.366 0,0182 

TRSEP(mm) 26,1 ,.3.84 23 ,7,. J.80 2.4"'4.32 1,362 0.173' 
l abor1uory ana l is 

Data are presented a._q meartts t.andard devUuion. Groups comp.ari...;01'N were ba.;;ed on a paired 1-tes t when Lhe 
difference variable (Differen Afler Game - Rest) is nonnall y distributed or 0 11 a \Vi lcoM>n tcsl when di fference 
vari.able is non--Gaussian. T S Teste statisties. l pva lue for two-tai led \Vilooxon tes t. 2 pva lue for l"'O-tailed paired t­
test. Two-iailed pva lue <0.05 for di!Terences between groups. IIR• Jlea rt rate; SB Systolic blood pressure; 
DBP• DÍástol ic blood pressure; LVEF Lefi Ventric ular Ejec tion Fraction; LVDD Lefi Ventricula r Dia.sto lic 
Dianieter; LVS()-,Lefi Ventric ular ysto lic Diameter; IVS 11,ickness of the lnter,,mtri cular Septwu; PW~Posterior 
wa ll ; LAA• Left Auricle Area; DLA• DiameIer of Lhe Lefl Auricle; LA V• Lefl Auricle Vol wne; Fle' ral i Rati o 
bet"'eet'I dia.i; tolic \~locity E of Lhe 1ni1ral flow and diasIolic veloc i1y e' of Lhe mitral annul l.l'l; TR EP• Tricu..i;pid Ring 
Systolic Excursion Plan 

When comparing lhe ºafler matchº anel 11 at re.st11 value5.i it can be seen that t.he value.s for the parameter.s 
AAE (mean difference betwecn posl-match and at rest: -4.3±229mm, 011e-1ailed pvalue =0. 01 6), VAE (mean 
differcnce betwecn post-match and al rest: 18. 9±4.87mm3, one-tailcd pvalue=0.0 16), E/e (mean difference 
between post-match and rest: 0.6±0.44, one-lailed pva lue=O.0 18) are significanlly higher posl-malch whe n 
compareci to re.sting value.s. With regard to Tropon in , ahhough there was an increase ºafler the game", th is was 
not slatistically significant (mean difference between post-game and rest: 5.2± 13 .3 ng /mL, one-Lailed p­
value=0 .285). As for lhe L VEF val ue, it decreascd from tl1e "resL" phasc lo Lhe "aftcr game" pha.sc (mean 
differcnce belween posL-game and resL: -7 .4±4. 76%, one-lailcd p-valuc=0.03 1). 
Table 3 shows the resu hs of tlte comparison betwecn alhleles and palienLs with hypertroph ic cardiomyo palhy 
(HCM). 

Ta ble 3- Com arison between athletes after ame and atienls \\ith HCM. 
Charocteris ties Alhleles HM C pallcnl.S T value p,•alo< 

LVEF(%) 61.1 .81 66.6"'7.51 -1.649 0.099 
LV DD (mm) 55.3 .86 48.8,;J0.35 1.420 0.1562 

LVSD (111111) 33.9"'5.08 31.8*5.18 0.684 0.4942 

IVS (nun) 9.3"'0.95 24.6"'7.08 -3.445 <0.00 12 

LAA (rruu2) 21.4,.1.51 27.5,.J.65 -2.852 0.0042 

DLA(rrun) 35.7 .73 51.0,.J0.70 -3.318 <0.001 1 

LA V (nun3) 65. 7.06 57.3 5.40 1.289 0.1992 

Tro nin " ' mL 10.3 ?0.45 214.7,.187.80 -3 .162 <0.001 2 

Data are presented as mearttstandard 00\fation. Group.s con.,arLi;oos were baseei on a H est for Lwo independent 
.samples when the two sa1nples are from populations wi th Gaussian distributions or on a Mann-\Vhitney Iest 
otherwise. Two-tailed pvalue <O.OS for di fTerences between groups. 1pvalue for two-tailed I-test for two independent 
samples. 2pvalue for twt>-tailed Mann-\Vhitney Ies t. Ablreviaticxts as Table 2. 

The sample of HCM paticnLs (n = 10), ali male, was characterised only by lhe age variable, ranging 
from 35 to 53 ycars (42.8 ± 7.32 years). The HMC palienLs were significa nlly oldcr lban Lhe atll lc les (42.8± 7.32 
years for MCH palic nls versus lhe age of the playcrs, wilh an average of 22.6 ± 3.60 ycars), one-sidcd p-va lue 
<0.00 1). 
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Comparing HCM patients anel athletes, il was possible to conclude thal there are signiíicantly greater 
structural cardiac allerations in H M patienls. The group of patients presented values of IVS (24.6±7.0 mm 
versus 9.3±0.95mm; w1ilareral pvalue <0.00 1) , LAA (27.5± l.65mm2 versus 2 1. 4± l .5 lmm2; unilateral 
pvalue<0.004), LAD (51.0± 10. 70mm versus 35.7±3. 73 mm; onc-sided p-value<0.001) anel Troponã1 
(2 14.86± 187.8 ng/mL versus 10.3±20.45 ng/ mL; onc-sidcd p-value<0.001) significantly higher when compared 
lo lhe athlele group. On average, volleyball players had SIV values 15.4 mm smaller, LA area 6. 1 mm2 smaller 
and LA diameter 15.3 mm smaller lhan patient.s witli HMC. Troponin is, on average, 204.4 ng/mL higher in tlie 
group of patienLS with HCM. 

Dicussion 
Football is Ll1e most popular sport in the world and is played by men anel women, children and adults 

wi Ll1 ditferent leveis of specialisation. Performance in foo tball depends on a multitude of factors, such as 
technical/biomechanica~ lactical, mental and physiological areas (Stolen et ai. , 2005). The physiological needs 
of high-level competit ive foo tball are to be in good physical condirion in order to give maximum performance ã1 
a foo tball match (running, holding the ball, passing anel shooting). Optimising lhe levei of physical condition is 
an important aspect of a team's prepararion before entering a competition/match. The latest studies have shown 
data tlial a professional male footballer can reach 9 to 14 kilometres of total distance covered in a football match. 
Anel in elite women's football , a player can achieve around 8 to 12 km of total distance travelled (Yustika, 2018). 
The values often found fo r Ll1e average total dislance travelled in a match are around 10 km and an above 
average, al though nol excc ptional, maximwn oxygen con.sumprion of 60 ml/kg/min, suggesting a moderate 
overall aerobic mctabolism. 

A comparison betwee n top teams and players with less able participants indicates Ll1at tlie components 
of anaerobic filness - speed, power, strength and lactic acid system capacity can besl differentiate between Ll1e 2 
groups (Tumilry, 1993). Hypertrophic cardiomyopathy (HCM) is a genetically transmined disease, clinically 
defined by lhe prcscnce of unexplained left ventricular hypertrophy. The disease has a varied clinical course anel 
cvolution; Many patienLs present fcw or no disccmible cardiovascular symptoms, whilc others havc profound 
limitations when performing physical e.xercise anel rccurrent arrhytlunias (Ellioll & McKenna, 2004). Over lhe 
past 20 years, most data have revealed lhe occurrence of H M in approximately I in 500 individuais. Taking 
into accounl the potential impacl of these initiatives on the occurrence of diseases, different authors of ditferenl 
studies revisited the prevalence of HCM in Ll1e general population. They suggested Lhat HCM is more common 
tlian previously esrimated , which may incrcase its recognition in tlic medical communiry, allmving for more 
timely diagnosis anel implementation of appropria te treatmenl options for many pat ients (Semsarian et ai ., 2015). 
HCM is characterized by cardiac hypertmphy, unexplained by loading condi tions; non-dilated lefi ventricle; anel 
a normal or increased ejec tion fraction. Cardiac hypert.rophy is generally asymmetric, with greate r involvement, 
most commonly, of Lhe basal interventricular seplwn w1derlying the aortic valve . Occasionally, it is restricted to 
other regions of lhe myocardium, such as thc apcx, midportion, and posterior wall of tlic lcfl vcntriclc. AI the 
cellular levei , cardiac myocytes are hypemophied, disorganized, anel separated by areas of intersti tial fibrosis 
(Marian & Braunwald, 20 17). ln this study, lhe comparison between elite foo tball players and palients witli 
HCM showed that patienLS with this cardiomyopalhy have signií,cantly greater thickness of the IVS and also 
significantly greater dimensions of the LA (diameter anel arca). At least in relation to patienLS with HCM at high 
risk of sudden death, and when compared with football athletes, there scems to be no ditliculty in making this 
sarne distinclion based on echocardiographic evaluation. 

When we compare the image data obtained by ECHO between athletes and patients ,vith H M, we can 
observe thal the la tter presenl significantly higher values for IVS , LAA and OLA. 

The study by Perrone, M. et ai (2020), ,vith 22 amateur football playe rs, in which blood samples to 
collect troponin values were collectcd before the start of the foo tball game, immcdiately upon arriva~ and lhe 
second Collection was carried oul witliin 24 hours from the moment lhe game ended. Data showed a sign iticant 
increase in serurn troponin in amateur football players, bul wilhout any evidence of cardiac darnage (Perrone el 
ai., 2020). Another study, by Aldujeli, A. e t ai. (2019), rcveals Ll1at the result.s of lhe study data state that the 
relea.se ofTroponin I is highly atfected by the physical status of athletes, with lhe release of Troponin I being 
cnhanced by the practice of intmnittent e.xercisc (Aldujeli et ai. , 2019). 

The sports medical examination and, specifically, cardiovascular a.s.sessmen l anel screening are a 
fundamental component in lhe athlele's pre-participation in screening for possible pathologies. Pre-participation 
medical examinations have become popular following lhe discoveries of the '·Jtalian experience", with medical 
history, physical examination and ECG (electrocardiogram) 110w mandatory for all ltalian sporLS participant.s 
(Corrado et ai., 2006). The main reason for carrying out pre-participation medical examinations is to scrccn for 
prcventable causes of sudden cardiac dealh , which has gained much publicity in Europc recently ,viLl1 the 
collapse anel successful resuscitation ofFabrice Muamba while playing for Bokon FC, as in addition to ide ntify 
110ssible prcventable causes of sudden cardiac death in a thletes, pre-participation medical sc reening is proposed 
as a time to identify possible medical problems and optimize treatment (Heron & Cupples, 2014). One of lhe 
main componcnts of carrying out lhe medical-s110rts e.xaminarion is cardiac scrcening, of which lhe ECG is a 
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part , as il allows lhe identificalion of cardiac pathologies (Maron el ai. , 2015; Seta, 2003). Toe information 
obtained, and when the exam is carried olll by experienced clinicians, makes this information possible to obtain 
reports wilh low false-positive rates, combining pre-participation cardiovascular screening, tbe inclusion of 
personal and family history, as well as anexam physical care anel ECG. The refore, addi tional tesL, (which may 
include echocardiography) a re only requestcd if initial scrccning investigations show abnonnal finelings. 
This could be the way to allow greate r safety in pa rt icipating in sporting events (Niederseer et ai. , 2021). lt is 
important to note that cardiac screening, and in particular the E G, reduced false positive rates to <3%. ln 
oonlrast, false-positive response rates produced by cardiac screening questionnaires a re 35% to 68% (Grazioli et 
ai., 2014). 

Thc incorporation of echocardiography is con.,idercd an accura te way to identify common cardiac 
abnonnalities that can lead to sudden death, which may allow for faster and more effective screening (Palenni et 
ai. , 2021). lt would be particularly importam in lhe early diagnosis of some palhologies, which may be 
imperceptible 011 the ECG, particularly in lhe ir early s lages. 

T hc study by Oonati, F. (2023) rcvealed tl1at the inclusion of the scrccning ochocardiogram showcd 
addi tional value (arounel 10"/4 more) in detecting patienL, wi th cardiovascula r anomalies, which would o tlterwise 
nol be diagnosed with the screening protocol. ' ·standard" pre-participation screening (Oonati et ai., 2023). ln our 
study, 57% of athletes showed changes in LVEF, LAA , LA V and E/e' ; however, nane of lhem prese nted cri teria 
to recommenel lhe interruption of sporting activity. 
O11e of the qucstions that will be imponant to answer is what will be tlle limit for athletes' physical effort. The 
study by Lara, B., (Lara ct ai. , 2019), which comparcd 63 alhlctes of threc different distances (10 km, half­
maratl10n and marathon), revealed lhat lhe tension imposed on the myocardium when competing in a full 
marathon is much greater compared to compete in shorter distances, such as the half marathon or 10km races. 
Al tl10ugh the rclease of cardiac lroponins after exercise 1nay not be indicative of any cardiovascular dysfunction, 
tl1e higher concentration of cardiac troponins after the maralhon reflocts greate r cardiac stress at 1his dislance 
oovcrcd. Toe grcatest cardiac stress afte r the marathon was prcsent despitc the grcatc r training volinne. The 
results of the study demonstrated how lhe distance covered affects lhe cardiac stress ineluced by an endurance 
running competi tion in athletes wilh little experience anel linle t:raining history (Lara et ai. , 2019). As for our 
study with elite football players, it aims to evaluate lhe potential fo r myocardial inj ury associated wilh lhis sport, 
by detennining biomarkers in two distinc t phases of the sponing season (after oompet it ion and rest). 

Regarding cardiac troponins, lhesc biomarkers are detectcd in serum using monoclonal anribodies 
against the epitopes of troponin I anel troponin T , lhese antibodies being highly specific for cardiac troponin, 
showing reduced interaction wilh skeletal muscle troponins (Regan e l ai., 2018). 

ln lhe football players in 1his study, troponin I values were higher alter the game, when compared to lhe 
leveis found at rest , blll when we compare lhese values with those of patienL, wi tl1 HCM, we fotmd that lhe 
troponin I valucs founel, the y are subslantially lower in a tl1le1es (-204). 

The European Society of Cardiology anel the American College of Cardiology advocate that each 
laboratory determine the cllloff points for each test ai lhe 99th percentile, wi th a coefficient of varia tion of ± 
10%. Using these criteria, serum troponin I values, inelicative of myocyte necrosis/damage in lhe myocardium, 
range from 0.1 to 2 µg/1. {Apple e t ai. , 2002; Sandoval & Apple, 20 14). 

Thus, wc can mention tlte high values in patients wi tl1 HCM, as well as the significam increase in 
Troponins I after the game, in football alhle tes. lt will also be important to mention that, as tlte main limitation of 
tl1is study, we had compliance from lhe atl1le1es , since, being eli te a tl1letes, lheir availabili ty was limited, and for 
tl1is reason, the number of atltletes available to carry out cardiac screeni ng be reduced . 

Conclu.,ions 
Tlte results obtained seem lo indicate tl1at, in athletes, anel comparing lhe '·post-competirion" anel .. rest" 

phases, there is an irx: rease in the thickness of the intra ventricular s.eptum, area of the lefl atrium, volwne of the 
left atriurn, as well as E/e' , wi lh a parallel increase in lroponin 1, which may suggest possible cardiac damage 
associated with high-perfonnance football. Regarding tl1e left ventricular ejection frac tion, lhere wa., a decrea.se 
in the "after game" pha..se, when comparcd to the " rcst'' phase, which could be explaincd by thc fac t tl1a1 lhe lcft 
ventricular ejection fraction a i rest is generally no nnal , but may be slightly reduced in heahhy a thletes. As it was 
J:x>ssible to verify an increase in the dilation of the cavity, it allowed a normal systolic volwne, wilh a lower 
ejection frac tion . 

Making the comparison '·atl1le1es vs patients wi tl1 HMC", we can say that lhe patl1ology 1ha1 tl1e la11er 
prcsent, ca11ses the structural changes prese nteei, mainly in term., of dimcnsions of tl1e left auricle (arca anel 
diameter) anel the IVS, to be substantially aocentuated anel higher than tl1ose of football players. Funhe rmore, the 
values found in high•sensitivity tmponins I a re much higher in magnitude than lhose found in atl1letes. 
Thus, lroponins I may play an increasingly relevant role in lhe differential diagnosis w lterc doubts may remain 
between "a1hle1e's heart" anel HCM , but more and larger studies a re needed. 
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