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Abstract

Introduction: The increase in sudden death cases among Moroccan amateur athletes highlights
the importance of thorough medical examinations including electrocardiograms.

Objective: This cross-sectional study aimed to identify the frequency of ECG findings in Moroc-
can amateur athletes, examine sex disparities, and assess how physical activity levels affect car-
diac electrical patterns.

Methodology: The study included 149 amateur athletes (70 men, 79 women) from the Univer-
sity Hassan 1st in Settat. Participants underwent 12-lead ECG, anthropometric measurements,
and physical activity assessment using the International Physical Activity Questionnaire - Short
Form. Results: Male athletes showed significantly higher rates of sinus bradycardia (41.4% vs
12.7%) and ST-segment elevation (41.4% vs 0%) than female athletes (p<.0001). High levels of
physical activity were significantly associated with training-related ECG changes (p=.010) and
ST-segment elevation (p=.027).

Discussion: These findings emphasize the importance of considering physical activity levels
when interpreting ECG patterns in amateur athletes and highlight significant sex differences in
cardiac adaptations.

Conclusions: Sex-specific ECG interpretation guidelines are needed for amateur athletes, with
particular attention to training-related adaptations in males and the relationship between phy-
sical activity intensity and cardiac electrical patterns.
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Resumen

Introduccion: El aumento de los casos de muerte stibita entre los atletas aficionados marroquies
destaca la importancia de realizar exdmenes médicos exhaustivos que incluyan electrocardio-
gramas.

Objetivo: Este estudio transversal tuvo como objetivo identificar la frecuencia de los hallazgos
en el ECG de atletas aficionados marroquies, examinar las disparidades de género y evaluar
como los niveles de actividad fisica afectan los patrones eléctricos cardiacos.

Metodologia: El estudio incluyé a 149 atletas aficionados (70 hombres, 79 mujeres) de la Uni-
versidad Hassan I de Settat. Los participantes se sometieron a un ECG de 12 derivaciones, me-
diciones antropométricas y una evaluaciéon de la actividad fisica mediante el Cuestionario In-
ternacional de Actividad Fisica - Version Corta (IPAQ-SF). Resultados: Los atletas masculinos
mostraron tasas significativamente mas altas de bradicardia sinusal (41.4 % frente a 12.7 %) y
elevacion del segmento ST (41.4 % frente a 0 %) que las mujeres (p<.0001). Los altos niveles
de actividad fisica se asociaron significativamente con cambios en el ECG relacionados con el
entrenamiento (p=.010) y con la elevacidn del segmento ST (p=.027).

Discusion: Estos hallazgos enfatizan la importancia de considerar los niveles de actividad fisica
al interpretar los patrones del ECG en atletas aficionados y destacan las diferencias significati-
vas de género en las adaptaciones cardiacas.

Conclusiones: Se necesitan guias de interpretacion del ECG especificas por género para atletas
aficionados, prestando especial atencion a las adaptaciones relacionadas con el entrenamiento
en los hombres y a la relacion entre la intensidad de la actividad fisica y los patrones eléctricos
cardiacos.

Palabras clave

Actividad fisica; atletas aficionados; cardiologia deportiva; Diferencias sexuales; electrocardi-
ograma.
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Introduction
___________________________________________________________________________________________________________________________|
Engagement in competitive sports has grown substantially among amateur athletes in recent years,
prompting researchers to closely examine cardiac health risks in this population, particularly sudden
cardiac death (SCD) (Cotrim et al., 2023). Though SCD remains a statistically infrequent event among
athletes, each occurrence represents a devastating outcome in otherwise healthy individuals, highlight-
ing the importance of comprehensive cardiovascular evaluation before sports participation (Malhotra
et al,, 2020). Electrocardiography has emerged as a fundamental component of these preventative
screening protocols, offering valuable insights into cardiac electrical function and potential abnormali-
ties that might remain undetected (Ceornodolea et al., 2017). Epidemiological studies emphasize the
importance of systematic physical fitness assessment and medical clearance protocols in educational
and athletic settings, particularly for identifying individuals who may require specialized evaluation be-
fore participating in physical activities (Ben Rakaa et al., 2025). Interpreting electrocardiogram (ECG)
results presents unique challenges in amateur athletic populations (Sokunbi et al., 2021).

Contemporary ECG interpretation guidelines have largely been developed from research on elite ath-
letes who demonstrate pronounced physiological adaptations from intensive training regimens
(Churchill et al,, 2021). These cardiac adaptations, collectively termed 'athlete’s heart,' encompass var-
ious ECG alterations including reduced resting heart rate, enhanced ventricular voltage patterns, and
distinctive repolarization characteristics that may resemble pathological findings in non-athletic indi-
viduals (Borkyté & Zumbakyté-Sermuksniené, 2018).

When these elite-derived interpretive frameworks are applied to amateur athletes—who typically
demonstrate greater variability in training intensity and physiological adaptation—clinicians risk mis-
classification in both directions: false positive findings that prompt unnecessary investigations or, more
concerning, failure to recognize genuine pathology (Giillich et al., 2023).

Moreover, researchers have not fully established the relationship between physical activity levels and
specific ECG characteristics in amateur athletes (Kaleta et al., 2018). Research suggests that higher train-
ing volumes may influence specific electrocardiographic patterns, but the precise activity thresholds
required to produce these adaptations across different athletic populations remain undefined (Hostrup
& Bangsbo, 2023). Recent research has demonstrated that structured physical activity programs, includ-
ing adapted physical education interventions, can produce significant physiological adaptations and im-
prove active populations' stress reaction and cardiovascular responses (Ben Rakaa et al., 2024). This
knowledge gap further complicates ECG interpretation in amateur athletes and increases diagnostic un-
certainty (Tougouma et al,, 2019).

Sex-based differences in cardiac structure and function are well-established in the literature, with male
athletes typically exhibiting larger cardiac dimensions and different patterns of electrical adaptation
compared to female athletes (George et al., 2012; Afaghi et al,, 2024). These physiological differences
may manifest as distinct ECG patterns between male and female athletes, particularly in response to
training adaptations. Male athletes often demonstrate more pronounced bradycardia and repolarization
changes, potentially reflecting differences in autonomic regulation, cardiac mass, and hormonal influ-
ences on cardiac electrophysiology. Understanding these sex-specific patterns is crucial for accurate
ECG interpretation and avoiding misclassification of physiological adaptations as pathological findings.

Our investigation aims to address this research gap by examining ECG patterns in Moroccan amateur
athletes and exploring potential associations between these patterns and self-reported physical activity
levels. The study objectives were threefold: to determine the prevalence of various ECG findings accord-
ing to established classification systems; to identify potential sex-based differences in these findings;
and to evaluate whether correlations exist between physical activity intensity and specific cardiac elec-
trical adaptations in this population.
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Method
|

Participants

This observational cross-sectional study was conducted at the Institute of Sport Sciences of Hassan I
University of Settat in Morocco from April to June 2023. We included 149 qualified student-athletes (70
men and 79 women) registered at the Institute of Sport Sciences.

For the purposes of this study, an "amateur athlete" was defined as an individual who: (1) regularly
participates in organized sports activities for at least 3 hours per week; (2) competes at the collegiate
or amateur level; and (3) has been engaged in structured training for a minimum of 6 months.

Inclusion criteria: (1) Active enrollment as student-athletes at the Institute; (2) Age 18- 25 years; (3)
Regular participation in organized sports activities; (4) Signed informed consent.

Exclusion criteria: (1) Known cardiovascular disease; (2) Current use of cardiac medications; (3) Recent
cardiac symptoms requiring medical attention; (4) Pregnancy; (5) Inability to complete study assess-
ments.

Measuring instruments

The assessment of all participants in this study encompasses a personal and familial history, a clinical
examination with anthropometric measurements, a 12-lead electrocardiogram, and the IPAQ question-
naire to evaluate physical activity levels.

Anthropometric assessment

Participants were evaluated using a calibrated SECA 756® electronic scale with precision to the nearest
0.1 kg for weight measurement. Height was recorded using a SECA 213® stadiometer with 0.1 cm pre-
cision. We calculated Body Mass Index through the standard formula of weight in kilograms divided by
height in meters squared. Body composition analysis was performed via bioelectrical impedance meth-
odology using the Bodystat® 1500 analyzer to determine fat and lean mass percentages. A standard 150
cm measuring tape was employed to record waist and hip circumferences according to standardized
anatomical landmarks. The anthropometric profile included height, weight, BMI, lean and fat mass per-
centages, waist and hip measurements, and waist-to-hip ratio calculations.

Electrocardiographic evaluations

We obtained standard 12-lead resting electrocardiograms with participants in a supine position after a
minimum five-minute rest period. Recordings were made using an Aspel AsCARD Grey electrocardio-
graph configured at 25 mm/s paper speed and 10 mm/mV amplitude calibration. All ECG tracings were
digitally stored as PDF files and independently analyzed by two specialists—a cardiologist and a sports
medicine physician—using the established Seattle International Criteria specifically developed for ECG
interpretation in athletic populations (Drezner et al., 2017). The ECG was obtained after 5 minutes of
rest during quiet breathing and after anthropometric assessment and completion of the [IPAQ question-
naire.

Physical Activity Quantification

To quantify physical activity habits, we employed the Short Form version of the International Physical
Activity Questionnaire (IPAQ-SF), a validated instrument for activity assessment (Lee et al., 2011). The
IPAQ-SF demonstrates good test-retest reliability (Spearman's p = 0.8) and acceptable criterion validity
when compared with accelerometry data (p = 0.30) (Craig et al,, 2003). For university student popula-
tions similar to our sample, the IPAQ-SF has shown moderate to good reliability coefficients (ICC = 0.65-
0.85) and adequate construct validity for distinguishing between different physical activity levels
(Dinger et al., 2006). The questionnaire has been validated across diverse international populations,
including Middle Eastern and North African contexts, supporting its applicability to our Moroccan sam-
ple.

Our implementation captured four distinct dimensions of daily activity patterns: vigorous-intensity
physical activity (VPA), moderate-intensity physical activity (MPA), walking time (W), and average time
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spent sitting (ST) during a weekday. Weekly activity levels were quantified using standardized Meta-
bolic Equivalent of Task minutes (MET-min/week) conversion factors for each activity category, calcu-
lated through an IPAQ-SF scoring spreadsheet developed in Microsoft Excel following the analytical
framework proposed by Cheng (2016).

Ethical considerations

Ethical approval was obtained from the Moroccan Association for Research and Ethics (Reference No:
1/REC/24), and the Settat Institute of Sport Sciences granted institutional authorization. Written in-
formed consent was obtained from all participants, and confidentiality was maintained throughout the
study.

Data analysis

For this study, an analysis is carried out by calculating simple and relative (percentage) frequencies for
the qualitative variables and means and standard deviations for the quantitative variables. Statistical
tests are performed using IBM-SPSS v26.00. Pearson's Chi 2, Fisher's exact, Student's t, Analysis of Var-
iance (ANOVA), Mann-Whitney, and Kruskal-Wallis tests are used according to the variables' nature and
distribution. Two approaches were used to analyze the association between ECG findings and physical
activity. A Chi-squared test was employed to compare prevalence across three distinct categories of
physical activity (low, moderate, high), as presented in Table 3. To further investigate the impact of high-
intensity training with greater statistical power, a separate analysis, presented in Table 3, assessed the
association between each ECG finding and a high level of physical activity. A p-value < .05 was consid-
ered statistically significant.

To minimize potential bias, all ECG tracings were independently analyzed by two specialists using stand-
ardized criteria, and physical activity assessments were conducted using a validated questionnaire ad-
ministered in a standardized manner to all participants.

Results
|
Baseline anthropometric, electrocardiographic, and physical activity data from 149 amateur athletes
(70 men and 79 women) formed the basis of our analysis. Male participants averaged 20 + 1 years, while
female participants averaged 20 * 2 years. Table 1 presents these foundational characteristics by sex.
Statistically significant disparities between male and female subjects were identified in terms of height
(p <.001), weight (p <.001), lean body mass (p <.001), body fat percentage (p <.001), waist circumfer-
ence (p <.001), and hip circumference (p <.001).

Table 1. Anthropometric, Cardiac and Physical Activity Parameters Characteristics by sex

Parameter Male (H) Female (F) P-value
Baseline Characteristics
Age 201 202 153
Weight (kg) 67.5+10 59.3+9.5 <.001
Height (cm) 1764+ 6 162.6 +5.7 <.001
BMI 21.61 +2.52 22.38+3.18 .108
Lean Body Mass (%) 25.8+2.3 224+19 <.001
Body Fat (%) 11.8+3 24.8+4.3 <.001
Waist Circumference (cm) 769+ 6.3 72.7+7.1 <.001
Hip Circumference (cm) 97.3+5.9 98 +8.4 .549
WC/HC Ratio 0.79+0.03 0.74 £ 0.07 <.001
ECG Measurements
Heart Rate (FC) 6310 74+ 14 <.001
RR Interval (ms) 973 + 150 838+ 149 <.001
QRS Duration (ms) 87 +11 78 +10 <.001
QT Interval (ms) 382 +23 375 %25 .099
QTc Interval (ms) 389 + 26 413 +26 <.001
Sokolow-Lyon Index(mm) 24.84 +7.32 18.02 +5.67 <.001
Cornell Index(mm) 18.36 £ 6.05 12.85 +4.03 <.001
Physical Activity Parameters
MET Min (High) 1519 + 1350 875+ 963 .001
MET Min (Moderate) 691+ 774 1029 + 1088 .032
Total MET Min/Week 3851.2 +2026.2 3714.8 +1991.3 679
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Data are presented as mean * standard deviation. FC: Heart Rate, RR: R-R interval, QRS: QRS duration, QT: QT interval, QTc: corrected QT
interval, WC/HC: Waist-to-Hip Circumference ratio, MET Min: Metabolic Equivalent of Task Minutes. P-Value: Significance level.

ECG analysis revealed substantial sex differences in athletic training adaptations, as shown in Table 2.
Male athletes showed significantly higher training-related ECG changes (70%) than females (18.9%).
Sinus bradycardia emerged as the most common finding, affecting 41.4% (n=29) of males versus 12.7%
(n=10) of females. ST-segment elevation appeared exclusively in males, affecting 41.4% (n=29) of the
male participants.

Table 2. Electrocardiographic (ECG) Changes by sex

ECG Findings Male (H) Female (F) Percentage (%) X P-value
Training-related ECG findings 49 15 43 39.416 <.0001
Sinus bradycardia 29 10 26.2 15.898 <.0001
AVB1 1 3 2.7 0.797 372
IRBBB 1 0 0.7 1.136 .286
LVH 9 4 8.7 2.831 .092
ST ELEVATION 29 0 19.5 40.638 <.0001
Early repolarization 5 0 3.4 5.839 .0155
Borderline ECG findings 5 4 6 0.283 .595
Right axis deviation 5 4 6 0.283 .595
Abnormal ECG findings 1 6 4.7 3.152 .076
LONG QTc 0 3 2 2.713 .100
Pathological Q wave 1 0 0.7 1.136 .286
ST DEPRESSION 0 3 2 2.713 .100

Data are presented as counts and percentages. ECG: Electrocardiographic, AVB1: First-degree Atrioventricular Block, IRBBB: Incomplete
Right Bundle Branch Block, LVH: Left Ventricular Hypertrophy, QTc: corrected QT interval. x?: Chi-squared statistic. P-Value: Significance
level.

Table 3 presents the analysis of ECG changes relative to physical activity levels, using two statistical
approaches. First, no statistically significant associations were found for any individual ECG finding
when stratifying athletes into low, moderate, and high activity groups (P-value Across Levels). For ex-
ample, sinus bradycardia prevalence was 12.5% (n=1) in the low, 28.6% (n=12) in the moderate, and
26.3% (n=26) in the high activity group, with no significant difference (p=0.849).

A second, more focused analysis assessed the direct association with a high level of physical activity (P-
value High Activity Assoc.). This revealed a statistically significant association for training-related ECG
changes overall (p=.010) and specifically for ST-segment elevation (p=.027).

Table 3. ECG Changes by Physical Activity Level and Association with High Activity

P-value .

o Low (n=8) Moderate . B Total (N=149) P-value (High

ECG Findings )  (n=42) (%) H8hm=99) (%) (L‘Zf;‘;z)s Activity Assoc.)
Training-related ECG findings 43.0 .010
Sinus Bradycardia 1(12.50) 12 (28.57) 26 (26.26) 39 (26.17) 0.849 192
First-degree AV Block 0(0.00) 1(2.38) 3(3.03) 4 (2.68) 0.792 .078
Incomplete IRBBB 0(0.00) 1(2.38) 3(3.03) 4 (2.68) 0.123 .856
Left Ventricular Hypertrophy 0 (0.00) 2 (4.76) 11 (11.11) 13 (8.72) 0.194 .080
ST-segment Elevation 2 (25.00) 7 (16.66) 20 (20.20) 29 (19.46) 0.662 .027
Early Repolarization 0(0.00) 2 (4.76) 3(3.03) 5(3.35) 0.645 448
Borderline ECG findings 6.0 .368
Right Axis Deviation 2(25.00) 1(2.38) 6 (6.06) 9 (6.04) 0.553 .368
Abnormal ECG findings 4.7 .737
Prolonged QTc 0(0.00) 0 (0.00) 3(3.03) 3(2.01) 0.230 .882
ST-segment Depression 0 (0.00) 1(2.38) 2(2.02) 3(2.01) 0.924 311
Pathological Q Wave 0 (0.00) 0 (0.00) 1(1.01) 1(0.67) 0.492 .537

Data are presented as number (n) and percentage (%). P-value (Across Levels) refers to Chi-squared test for differences across low,
moderate, and high activity groups. P-value (High Activity Assoc.) refers to a separate analysis for association with high physical activity.
ECG: Electrocardiographic, AV Block: Atrioventricular Block, IRBBB: Incomplete Right Bundle Branch Block, QTc: corrected QT interval.
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Discussion
___________________________________________________________________________________________________________________________|
This study aimed to determine the prevalence of various ECG findings in Moroccan amateur athletes
according to established classification systems, identify potential sex-based differences in these find-
ings, and evaluate correlations between physical activity level and specific cardiac electrical adaptations
in this population, while considering anthropometric characteristics.

This study delineates the electrocardiographic profile observed among amateur athletes pursuing their
studies at the Institute of Sport Sciences, University Hassan I, Settat, in Morocco. The results of our in-
vestigation identified several important findings, including notable sex disparities in the electrocardio-
gram results. The empirical findings correlate with Wen et al.'s research in China (Wen et al., 2021),
demonstrating prevalent electrocardiographic abnormalities among recreational athletes, including si-
nus bradycardia, arrhythmia, LVH, and axial deviations (Climstein et al., 2025) (Abu Bakar et al,, 2018).
The current investigation additionally demonstrated a notable prevalence of training-associated elec-
trocardiographic patterns in non-professional athletes, per the Seattle criteria (Drezner et al,, 2017). A
similar study of adolescent athletes also found sex differences in ECG findings, with a higher prevalence
of abnormal patterns in males than in females (CORICI & MIREA-MUNTEANU, 2018). Furthermore, we
found differences in the prevalence of ECG abnormalities between several studies due to variations in
the criteria used to classify the ECG as "normal” or "abnormal," Seattle criteria, in addition to the char-
acteristic peculiarities of the populations studied (Zorzi et al., 2020; Dores et al., 2016).

The identified sex disparities in electrocardiogram (ECG) findings, particularly the increased incidence
of sinus bradycardia and ST-segment elevation among male athletes, may be ascribed to various physi-
ological mechanisms (George et al., 2012; Lasocka-Koriat et al., 2024). Research indicates that males
typically exhibit a larger left ventricular mass and systolic ejection volume than their female peers (Te-
bar et al,, 2020). Furthermore, the hormonal variances between males and females may influence car-
diac repolarization and autonomic regulation, potentially resulting in a heightened frequency of ST-seg-
ment elevation among male athletes (Afaghi et al., 2024). Supporting these exercise-induced adapta-
tions, research by Rojas-Valencia and colleagues (2024) identified sinus bradycardia in 40.8% of physi-
cally active young adults at high altitude. The physiological explanation for this finding was attributed
to intrinsic electrical modifications in the sinus node—specifically, downregulation of HCN4 (funny
channel) rather than altered autonomic tone, as described in their discussion of previous literature (Ro-
jas-Valencia et al., 2024). This physiological insight reinforces the understanding that exercise-induced
bradycardia represents a fundamental cellular adaptation that manifests differently between male and
female athletes due to distinct structural cardiac characteristics and hormonal environments. The
higher prevalence of these ECG adaptations in male athletes reflects the combined influence of greater
cardiac mass, hormonal factors, and the intrinsic electrophysiological remodeling described by Rojas-
Valencia's team.

The participants in this study represent different regions of Morocco with ethnic and environmental
characteristics that may influence the ECG pattern and, consequently, their cardiac adaptations to exer-
cise (Petek et al., 2023). The prevalence rates in our cohort differ markedly from those in other popula-
tions. For instance, the overall prevalence of sinus bradycardia (26.2%) is substantially higher than the
~15% reported in a large study of Chinese runners (Wen et al., 2021). Even more striking, the 19.5%
prevalence of ST-segment elevation is over 15 times higher than the 1.25% found in the same Chinese
cohort (Wen etal,, 2021). These profound differences highlight the necessity of conducting specific stud-
ies to comprehend the intricate interactions among genetic, environmental, and lifestyle factors (Delise
& Zeppilli, 2022).

Our investigation employed dual analytical approaches to examine relationships between physical ac-
tivity and electrocardiographic findings, with comprehensive results presented in Table 3. The initial
stratification analysis—categorizing participants into low, moderate, and high activity subgroups—re-
vealed no statistically significant associations between activity category and specific ECG patterns. This
absence of significant findings in the stratified analysis may partially reflect limited statistical power,
particularly due to the small sample size (n=8) in the low-activity cohort. However, we uncovered sig-
nificant relationships when we conducted a more targeted analytical approach focusing specifically on
associations with high-intensity physical activity. Specifically, elevated physical activity levels (quanti-
fied in MET-min/week) demonstrated significant associations with training-related ECG adaptations
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overall (p=.010) and with ST-segment elevation in particular (p=.027). This differential finding between
analytical methods highlights the importance of statistical approach selection when evaluating exercise-
induced cardiac adaptations.

Metabolic equivalent (MET) analysis in our study provides evidence supporting the physiological
threshold theory underlying 'athlete’'s heart' adaptations. This concept suggests that sustained high-in-
tensity physical activity triggers a cascade of cardiac adaptations characterized by both structural and
electrical modifications (Fanale et al., 2024; Hadzlik et al., 2024; Malmgren et al., 2024). Contemporary
research demonstrates that prolonged intensive training produces comprehensive cardiac remodeling
across structural, functional, and electrical parameters (Malmgren et al., 2024), with adaptation magni-
tude proportional to both intensity and cumulative training volume (Pittaras et al., 2023; Arbab-Zadeh
et al,, 2014). The significant association between high-activity levels and ST-segment elevation in our
cohortaligns with findings showing ST elevation in 43% of athletes versus 24% of non-athletes (Sharma
et al,, 1999), and early repolarization patterns in 40.2% of elite footballers, with J-wave morphology
predominating (Stein et al.,, 2025). Recent longitudinal studies have confirmed that early repolarization
patterns in athletes represent benign adaptations, with no reported cases of sudden cardiac death dur-
ing extended follow-up (Stein et al., 2025; Tremamunno & Lanza, 2023). This evidence supports the
physiological nature of exercise-induced electrical adaptations as reflections of underlying structural
cardiac remodeling in response to intensive training (Fanale et al., 2024; Hadzlik et al., 2024; Kolenda
Zloi¢ & Hrabak-Paar, 2024). These findings are consistent with research demonstrating that structured
training programs can produce measurable physiological adaptations in young athletes within an 8-
week intervention. This suggests that the temporal relationship between training intensity and cardiac
adaptation may be more rapid than previously understood (Bouzid et al., 2025).

Clinical Implications

These findings have important clinical implications for the assessment of athletes in Morocco. The ob-
served higher prevalence of sinus bradycardia and ST-segment elevation in male athletes, as demon-
strated in our cross-sectional analysis, suggests that these patterns may represent physiological adap-
tations rather than pathological findings (Bianco & Zeppilli, 2022). Healthcare workers need to under-
stand the common physiological adaptations that occur due to training, which typically manifest as elec-
trocardiographic (ECG) changes, especially in athletes who engage in intense physical activities (Drez-
ner et al,, 2017). The associations observed between high physical activity levels and training-related
ECG changes in this study support the importance of considering training history and activity levels
when interpreting ECG findings in amateur athletes.

Limitations

Several important limitations should be considered when interpreting our findings. First, our sample of
149 amateur athletes from Hassan I University may not fully represent the broader Moroccan athletic
population, potentially limiting generalizability. Second, the cross-sectional design prevented us from
evaluating temporal changes in cardiac adaptations across varying activity levels or training phases.
Third, our physical activity assessment relied on participant self-reporting through the IPAQ question-
naire, which introduces potential measurement error through recall inaccuracies and social desirability
effects—factors known to frequently result in activity level overestimation in questionnaire-based re-
search (Roberts-Lewis et al., 2022).

Conclusions

___________________________________________________________________________________________________________________________|
This cross-sectional study of Moroccan amateur athletes revealed significant sex differences in cardiac
adaptation, with male athletes showing a higher prevalence of sinus bradycardia and ST-segment ele-
vation. No direct link was observed between low and moderate physical activity levels and ECG varia-
tions. However, higher levels of physical activity, measured in MET-min/week, were significantly asso-
ciated with training-related ECG adaptations and ST-segment elevation. This analysis did not find A sig-
nificant correlation for sinus bradycardia or early repolarization patterns at high activity levels. Physi-
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ological adaptations predominated in our results, while borderline and abnormal ECG changes re-
mained relatively rare. The results highlight the need to consider possible ethnic specificities in addition
to sex when interpreting the ECG.
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