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Abstract  Background: Sporting discipline is acknowledge to be an influential factor on the aspects of cardiac adaptation 
encountered in the athlete’s heart syndrome. Little focus is carried to determine its influence on athletes of black ethnicity. 
Taking in consideration their unspecified training pattern, our study aimed at bringing out its impact on Cameroonian athletes. 
Methods: Was conducted a prospective cross sectional study, enrolling athletes trained at the NIYS of Yaounde, with their 
ages from 20 to 35 years and having at least a year duration at high intense practice. The disciplines included were Basketball, 
Football, Handball, Martial arts and Volleyball. Were excluded from the study all pregnant, breast feeding women and 
subjects with cardiovascular diseases. Ethical clearance and administrative authorization were obtained. Data was collected 
after an individual signed informed consent. Data compilation was done using CSPro version 6.0 and analysis done with 
SPSS version 20 and Microsoft Excel 2010. The Chi square test for comparison of proportions, the ANOVA test (analysis of 
variance) and student test for comparison of means. Statistical significance was set at p = 0.05. Results: 151 athletes were 
enrolled, 43.05% female and 56.95% male athletes for a male to female gender ratio of 1.3:1 and a mean age was 25.87±3.33 
years. Anthropometric parameters differences in women showed statistical significance for body weight 75,5 ± 8,6 (p=0.04), 
body surface area 1,80 ± 0,13 (p=0.01) and BMI 28,1 ± 2,7 (p=0.04) in the martial arts discipline. No statistical significance 
was demonstrated in men for anthropometric parameters. The slowest heart rated differences were not significant for both 
genders between the different sporting disciplines. Abnormal repolarization pattern was statistically significant in men 
among the sporting disciplines (p= 0.04). No statistical significance was noted in women echocardiographic patterns. We 
noted a random distribution of highest values. LVEDD/BS (28.7 ± 3.5), LVESD/BS (17.7±3.0), IVC exp/BS (14.2±0.1) and 
IVC insp/BS (11.9±0.6) were highest in Basketball; for IVSd/BS (5.21±0.8) and LVEF (72.9±8.2) in Handball; for 
LVWTd/BS (4.5±1.4) and E/A ratio (2.2±0.1) in Football; for LAD/BS (22.1±2.4), LA area (20.7±4.1) and RVEDD/BS 
(10.5 ± 2.3) in Martial arts and AoD/BS (14.1±2.5) and TAPSE (16.7 ± 2.3) in Volleyball. We noted a random distribution of 
highest values for echocardiographic parameters in men. Highest recorded values for LVEDD/BS (27.4±2.5), LVESD/BS 
(17.2 ± 3.1), LVWTd/BS (4.7±1.0), LAD/BS (16.1±1.7), LA area (20.8±4.7), RVEDD/BS (12.7 ± 2.6), IVC exp/BS (12.7 ± 
2.3), IVC insp/BS (7.7 ± 2.3) and AoD/BS (16.1±1.7) were in Football; for IVSd/BS (6.0±1.4), TAPSE (16.3 ± 2.8) and E/A 
ratio (2.2 ± 0.6) in Volleyball and LVEF (71.5 ± 7.3) in Handball. The only statistically significant value was for AoD/BS 
(p=0.006) in Football. Conclusion: More precisions on the Athletes heart syndrome are obtained from this study. The 
influence of unspecific training regime applied in our study population was demonstrated. The striking ECG abnormalities 
demonstrated in black athletes was not attributed to any sporting discipline. We could not demonstrate any significant 
adaptation changes between athletes of the same gender from different sporting disciplines. 
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1. Introduction 
The influence of sporting disciplines on the aspects of 

cardiac adaptation have been demonstrated by numerous 
studies [1-4]. Other influential factors such as: age, gender 
and ethnicity also show substantial impact on the magnitude 
of cardiac adaptation [5-9]. A classification of sports is 
provided by the Mitchell’s classification, which relates two 
general component of exercise: dynamic and static demands 
[10-12]. Each sport is categorized with respect to their level 
of intensity (low, medium, high) of dynamic or static 
exercise generally required to perform that sport during 
competition. This sports matrix should not be regarded as a 
rigid classification, but rather a spectrum in which some 
athletes from same sporting discipline could possibly 
deserve placement in different categories. Furthermore, 
some sports involve heterogeneity with respect to static and 
dynamic cardiovascular demands in different athletic 
disciplines. Such as parallel bars and floor exercises in 
gymnastics or positions of lineman or running back in 
football, or goalkeeper and mid-fielder in soccer. These 
distinctions  are not formulated in the classification, but 
should be taken into consideration. Striking 
electrocardiographic (ECG) abnormalities encountered in 
black athletes are considered as an ethnic variant of the 
athlete’s heart syndrome [13, 8, 9]. Thus, it was of 
importance to determine how these striking ECG 
abnormalities are distributed throughout the different 
sporting disciplines practiced. In this study we sought to 
demonstrate differences in cardiac adaption between athletes 
of similar genders from different sporting disciplines in 
black athletic population from the Cameroon. 

2. Methods 
Subjects  

We carried out a prospective descriptive cross sectional 
study on athletes from the National Institute of Youth and 
Sport (NIYS) at Yaounde. Ethical clearance was obtained 
from the Douala University Institutional Ethic Committee. 
Were included athletes with ages from 20 years and below 35 
years of both genders and practicing high intensity regular 
physical activity of at least a year duration at high level. 
Were excluded from the study those who did not sign an 
inform consent, those with past history of cardiovascular 
diseases and pregnant or breast feeding athletes. We 
conducted a non-exhaustive consecutive sampling in five 
sporting disciplines. 

Study procedure  
A questionnaire on socio-demographic data (age and 

sporting discipline) administered to everyone who concern to 
participate. Then, clinical and para-clinical data collected. It 
consisted in the measurement of weight; height; blood 
pressure [14, 15]; cardiac auscultation; electrocardiographic 
tracing [16-18] and Doppler echocardiographic assessment 
ratio [19, 13]. They were collected following standard 
procedures. Indexed data collected at ECG evaluation were 
rhythm (sinus bradycardia), first-degree atrio-ventricular 
block, incomplete right bundle branch block, isolated QRS 
voltage criteria for LVH, T-wave inversion, ST-segment 
depression, left atrial enlargement, left axis deviation/left 
anterior hemiblock, right axis deviation/left posterior 
hemiblock, Ventricular premature contractions, complete 
left or right bundle branch block. Indexed data for Doppler 
echocardiography were for morphologically: LVEDD/BS, 
LVESD/BS, IVSd/BS, LVWTd/BS, LAD/BS, AoD/BS, LA 
area, RVEDD/BS, RV area, IVC exp/BS, IVC insp/ BS and 
functionally: TAPSE/BS, LVEF and E/A. 
Statistical analysis  

The data entry sheet was developed with CSPro version 
6.0 software. The data from the validated questionnaires was 
entered, cleaned and analysed using SPSS version 20 and 
Microsoft Excel 2010. Quantitative variables are expressed 
as mean ± standard deviation. Meanwhile, qualitative 
variables were expressed as effective and percentages. The 
Chi square test for comparison of proportions, the ANOVA 
test (analysis of variance) and student test for comparison of 
means. Statistical significance was set for P value less than 
0.05. 

3. Results 
3.1. General Characterization of the Study Population 

3.1.1. Demographic Characterization 

We enrolled 151 athletes with 86 (56.95%) male and 65 
(43.05%) female, for a male to female sex ratio of 1.3:1. The 
mean age was 25.87±3.33 years. The practiced sporting 
disciplines were Basketball, Football, Handball, Martial arts 
and Volleyball. The study population distribution in the 
different sporting disciplines is represented in figure 1 below. 
The most represented male participants were from the 
Football discipline and for women from the Handball 
discipline.  
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Figure 1.  Genders distribution in each sporting discipline 

3.1.2. Anthropometric Parameters between Genders from Different Sporting Disciplines 

a) Anthropometric parameters between female gender 

Table 1.  Female anthropometric parameters differences 

 
Basketball 
Mean± SD 

Football 
Mean± SD 

Handball 
Mean± SD 

Martial arts 
Mean± SD 

Volleyball 
Mean± SD 

P value 
 

Age (years) 23,6 ± 2,7 25,1 ± 3,0 26,1 ± 3,3 25,6 ± 2,2 28,6 ± 3,5 0,03* 

Height (m) 1,78 ± 0,06 1,64 ± 0,05 1,62 ± 0,29 1,50 ± 0,32 1,79 ± 0,47 0,46 
Body weight (kg) 64,8 ± 9,7 62,8 ± 9,3 72,0 ± 12,4 75,5 ± 8,6 61,9 ± 20,5 0,04* 

Body surface area (m²) 1,75 ± 0,15 1,60 ± 0,16 1,79 ± 0,22 1,80 ± 0,13 1,80 ± 0,21 0,01* 

BMI (Kg/m²) 22,7 ± 3,2 23,3 ± 3,3 24,4 ± 4,0 28,1 ± 2,7 23,7 ± 3,5 0,04* 

* Statistically significant parameter, SD: standard deviation 

Table 1 represent anthropometric parameters differences among women. Was noted from Volleyball the highest height 
(p=0.46); from Martial arts the highest body weight (p=0.04), body surface area (p=0.01) and BMI (p=0.04).  
b) Anthropometric parameters between male gender 

Table 2.  Male anthropometric parameters differences 

 
Basketball 
Mean± SD 

Football 
Mean± SD 

Handball 
Mean± SD 

Martial arts 
Mean± SD 

Volleyball 
Mean± SD 

P value 
 

Age (years) 27,3 ± 3,0 22,2 ± 10,3 25,3 ± 3,3 27,6 ± 3,5 28,0 ± 2,7 0,01* 
Height (m) 1,85± 0,37 1,71 ± 0,17 1,70 ± 0,33 1,74 ± 0,06 1,79 ± 0,08 0,53 

Body weight (kg) 75,1 ± 18,5 75,2 ± 10,3 74,1 ± 14,0 78,2 ± 11,9 75,9 ± 7,7 0,42 
Body surface area (m²) 1,90 ± 0,14 1,82 ± 0,19 1,92 ± 0,17 2,00 ± 0,17 1,94 ± 0,12 0,10 

BMI (Kg/m²) 24,7 ± 2,0 24,1 ± 2,4 24,1 ± 3,1 25,9 ± 3,4 23,7 ± 2,5 0,26 

* Statistically significant parameter, SD: standard deviation 

Table 2 represent anthropometric parameters differences among men. Was noted from Basketball the highest height and 
highest body weight; from Martial arts the highest body surface area and BMI. All were statistically not significant.  

3.2. Differences between Sporting Disciplines for Same Gender 

3.2.1. Electrocardiography Data Differences  

a) Heart rate variation in different sporting disciplines with respect to gender 
The slowest heart rated in the female population was recorded in Football and the fastest heart rate recorded in Handball. 

The slowest heart rate in the male population was recorded in Volleyball and the fastest recorded in Handball. These results 
show no statistical significance as presented in table 3 below. 
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Table 3.  Heart rate pattern in the different sporting disciplines 

 Basketball Football Handball Martial arts Volleyball P value 

Female 

Minimum HR 65 54 61 63 58  

Maximum HR 75 86 94 80 87  

Mean ±SD 70 ± 4 69 ±9 75 ± 12 73± 11 73 ± 10 0.241 

Male 

Minimum HR 48 44 47 57 43  

Maximum HR 80 90 101 90 100  

Mean ±SD 66 ± 11 62± 10 62 ± 13 66± 16 66 ± 16 O287 

b) Differences in electrophysiological parameters in female athletes  
Bradycardia (HR ≤ 60 b/m) was recorded in 4 (17.4%) Handball players; 2 (20%) Volleyball players and 3 (15.8%) 

Football players. Premature contractions were recorded in Football players, 1 (4.3%) PJC and 1 (4.3%) PAC and in one (4.3%) 
Handball player with a PVC. Prolong P-R interval was recorded in one (20%) Basketball player and 1 (5.3%) Football player. 
No bundle branch block was noted in all the discipline. Posterior hemi-blocks were recorded in one (12.5%), 1 (10%), 1 
(5.3%) and 1 (4.4%) athletes from Martial arts, Volleyball, Football and Handball respectively. Atri-ventricular block was 
noted in one (5.3%) Football player and from no other discipline.  
c) Differences in electrophysiological parameters in male athletes  

Bradycardia with HR ≤ 60 b/m was recorded in 6 (46.2%) Martial arts; 19 (41.3%) Football; 4 (33.3%) Handball; 2 (28.6%) 
Basketball and 2 (25%) Volleyball athletes. Premature contractions were recorded in Volleyball players, 1 (12.5%) PVC, 1 
(2.2%) PAC and in a Football player 1 (2.2%) PVC. Prolong P-R interval was recorded in 2 (28.6%) Basketball; 1 (12.5%) 
Volleyball; 4 (8.7%) Football and 1 (8.3%) Handball players. Negative P wave was recorded in one (8.3%) Handball athlete. 
Left atrial hypertrophy (high amplitude P wave>3mm) were recorded in one (12.5%) Volleyball player (statistically 
significant with p=0.04). P wave without QRS was recorded in one (12.5%) Volleyball player (statistically significant with 
p=0.04). Right bundle branch block was recorded in 2 (16.7%) Handball; 1 (12.5%) Volleyball; 1 (7.7%) Martial arts and 1 
(2.2%) Football player. Posterior hemi-blocks were recorded in 4 (33.3%) Handball and anterior hemi-block recorded in 2 
(25%), 1 (7.7%) and 3 (6.5%) athletes from Volleyball, Martial arts and Football respectively. Atri-ventricular block was 
recorded in 1 (2.2%) Football player and in no other discipline.  

3.2.1.1. Morphological Electrocardiographic Pattern for Same Gender in Different Sporting Disciplines 

Table 4.  Female and male morphologic and functional differences in sporting disciplines 

 Basketball Football Handball Martial arts Volleyball P value 

Female  

QRS axis 
Normal 100% 89.5% 95.7% 87.5% 90.0% 0.86 

Left deviation 0 10.5% 4.3% 12.5% 10.0%  

LVH 
Present 0 0 8,7% 0 0 0,44 
Absent 100% 100% 91,3% 100% 100%  

Repolarization 
Normal 20% 0 0 12.5% 10.0% 0.16 

Abnormal 80.0% 100% 100% 85.5% 90.0%  

Male  

QRS axis 
Normal 100% 91.3% 66.7% 84.6% 75.0% 0.15 

Left deviation 0 8.7% 33.3% 15.4% 25.0%  

LVH 
Present 28,6% 34,8% 25,0% 38,5% 12,5% 0,71 
Absent 71,4% 65,2% 75,0% 61,5% 87,5%  

Repolarization 
Normal 28.6% 0 8.3% 7.7% 12.5% 0.04* 

Abnormal 71.4% 100% 91.7% 92.3% 87.5%  

*statistically significant, LVH: Left Ventricular Hypertrophy 

From the female gender all the Football and Handball athletes had abnormal repolarization and LVH was noted only in 2 
(8.7%) Handball athletes. QRS axis deviation was the least represented alteration in all the disciplines. No statistical 
significance was noted.  

Form the male gender abnormal patterns were mostly recorded in Football players, followed by Martial arts, Handball, 
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Volleyball and Basketball athletes respectively. No statistical significance was noted, except for repolarization pattern which 
was statistically significant (p=0.04).  

3.2.2. Transthoracic Echocardiographic Differences between Sporting Disciplines 

3.2.2.1. Left Cavities Morphological Differences 

a) Difference in the female gender  

Table 5.  Female left cavities morphological differences 

 Basketball Football Handball Martial arts Volleyball P value 

Variables Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD  
LVEDD/BS 28.7 ± 3.5 28.0±3.0 26.1±2.1 25.3±3.2 25.5±2.0 0.48 
LVESD/BS 17.7±3.0 17.3±3.7 15.1±1.7 16.1±0.4 17.4±1.3 0.34 

IVSd/BS 4.7±1.8 4.2±0.4 5.21±0.8 4.6±1.3 5.2±0.3 0.60 
LVWTd/BS 4.1±1.0 4.0±0.6 4.0 ±0.5 2.5±3.2 4.5±1.4 0.18 

LAD/BS 20.6±0.02 20.8±5.1 17.8±5.1 22.1±2.4 19.2±4.3 0.81 

AoD/BS 13.1±1.6 14.0±2.1 12.5±3.7 12.7±1.5 14.1±2.5 0.97 
LA area 18.3± 16.9±0.7 18.1±4.1 20.7±4.1 18.3±1.5 0.96 

In Table 5 above, the greatest LVEDD/BS and LVESD/BS were recorded in Basketball; IVSd/BS recorded in Handball; 
LVWTd/BS and AoD/BS were recorded in Volleyball and LAD/BS and LV area were in Martial arts. All were statistically 
not significant. 
b) Differences in male gender  

Table 6.  Male left cavities morphological differences 

 Basketball Football Handball Volleyball P value 

Variables Mean ± SD Mean ± SD Mean ± SD Mean ± SD  
LVEDD/BS 26.7 ± 2.4 27.4±2.5 25.6±1.0 27.8±2.1 0.43 
LVESD/BS 16.2 ± 2.0 17.2 ± 3.1 15.1±1.6 16.8±1.1 0.57 

IVSd/BS 4.9 ± 0.7 5.0 ± 0.9 5.3±1.2 6.0±1.4 0.46 
LVWTd/BS 3.9 ± 1.0 4.7±1.0 4.5±1.0 4.2±0.2 0.75 

LAD/BS 17.4 ± 1.0 16.1±1.7 17.1±5.6 21.7±2.2 0.07 

AoD/BS 14.1 ± 2.7 16.1±1.7 13.8±0.8 11.7±0.7 0.006* 
LA area 18.0 ± 2.1 20.8±4.7 20.5±2.7 17.1±2.3 0.708 

 *statistically significant, SD: standard deviation 

The greatest dimension were recorded in Football. Exception for IVSd/BS which was greater in Volleyball. The only 
statistical significant difference was recorded for AoD/BS as shown in table 6 above. 

3.2.2.2. Right Cavities Morphological Differences  

Table 7 and 8 respectively represent female and male right cavity morphological difference between the sporting 
disciplines. 

Table 7.  Female right cavities morphological differences 

 Basketball Football Handball Martial arts Volleyball P value 

Variables Mean± SD Mean± SD Mean± SD Mean± SD Mean± SD  
RVEDD/BS 8.4 ±0.2 8.6±4.9 10.1±1.6 10.5 ± 2.3 10.3 ± 1.8 0.68 
IVC exp/BS 14.2±0.1 11.8±1.8 13.5±1.9 13.8 ±4.1 11.7 ± 3.1 0.59 

IVC insp/ BS 11.9±0.6 9.5±0.8 9.0±2.7 5.3±0.6 9.3 ±1.4 0.35 

 SD: standard deviation 

Female athletes’ greatest dimensions were recorded for RVEDD/BS in Martial arts, IVC exp/BS and IVC insp/ BS in 
basketball. All being statistically not significant. 
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Table 8.  Male right cavities morphological differences 

 Basketball Football Handball Volleyball P value 

Variables Mean± SD Mean± SD Mean± SD Mean± SD  
RVEDD/BS 9.3 ± 2.9 12.7 ± 2.6 10.2 ± 2.8 9.1 ±1.4 0.07 
IVC exp/BS 8.9 ± 2.4 12.7 ± 2.3 12.5 ± 3.3 10.2 ±3.7 0.21 

IVC insp/ BS 5.2 ± 1.9 7.7 ± 2.3 7.4 ± 3.5 6.0 ± 0.1 0.49 

SD: standard deviation 

The highest dimensions for male athletes were recorded in Football. All were statistically not significant. 

3.2.2.3. Cardiac Functional Differences 

No clear tendency is demonstrated. This is shown in table 9 and 10 respectively 

Table 9.  Female functional cardiac differences 

 Basketball Football Handball Martial arts Volleyball P value 

Variables Mean± SD Mean± SD Mean± SD Mean± SD Mean± SD  
TAPSE/BS / 12.6±3.4 13.7±1.4 13.8 ± 2.3 16.7 ± 2.3 0.25 

LVEF 68.5±4.0 68.5±7.8 72.9±8.2 66.0 ± 7.6 60.0 ± 6.8 0.53 
E/A ratio 1.8±0.2 2.2±0.1 1.7±0.5 1.5 ± 0.4 / 0.60 

*statistically significant, SD: standard deviation 

Functional cardiac parameters for female athletes were highest for LVEF values in Handball and E/A ratio in Football. 
All were not statistically significant. 

Table 10.  Male functional cardiac differences 

 Basketball Football Handball Volleyball P value 

Variables Mean± SD Mean± SD Mean± SD Mean± SD  
TAPSE/BS 11.8 ± 1.3 13.2 ± 2.9 13.4 ± 1.9 16.3 ± 2.8 0.39 

LVEF 70 ± 2.6 65.2 ± 7.3 71.5 ± 7.3 70 ± 1.4 0.24 

E/A ratio 2 ± 0.3 1.8 ± 0.3 1.9 ± 0.2 2.2 ± 0.6 0.04* 

*statistically significant, SD: standard deviation 

 
TAPSE/BS dimensions were highest for male Volleyball 

athletes; LVEF in Football athletes (statistically not 
significant) and E/A ratio highest for male Basketball 
athletes, which was statistically significant. 

4. Discussion 
In this study were included 151 athletes from both genders 

and sporting disciplines. The male athletes represented  
56.95% and female athletes 43.05% of the study population. 
The mean age was 25.87±3.33 years.  

There was a morphological variation in the study 
population, for Basketball and Volleyball we noted thin; tall 
athletes of large body surface area and small BMI. For 
Football and Handball we noted short and thin athletes of 
small body surface area and BMI and for Martial arts we 
noted tall; fat athletes, of large body surface area and obese 
(mean BMI 28.1 kg/m2) for female athletes, while in 
overweight (BMI 25.9 kg/m2) for male athletes. All these 
parameters were statistically significant in the female 
population but none were significant in the male population. 
This results are similar to those from Baylos I et al who 

conducted a study on Greek female athletes from Basketball, 
Volleyball and Handball. He reported that, anthropometric 
variables varied among sporting disciplines [20]. This 
variation in anthropometric parameters can be as a results of 
the differences encountered in the body segments involved 
for the practiced each sporting discipline. The morphological 
adaptation to physiologic demands by the muscles engaged 
in the discipline lead to the recorded differences. Also, it can 
be due to selection criteria use in recruiting athletes in the 
sporting disciplines. People are selected in sporting 
disciplines according to their specific morphology.  

The sporting discipline in which was recorded the highest 
frequency of electrocardiographic alterations was Football 
(II C), both for female and male athletes. This can be explain 
from the fact it had the highest number of participants for 
both genders. The discipline with the least alterations was 
Volleyball (I B) this can be explained by its low level in 
static and moderate level in dynamic activity. Repolarization 
pattern was abnormal for all the Football and Handball (III A) 
female athletes and the least alteration were noted in 
Basketball (III A), meanwhile it shares the same class to 
Handball in the Mitchell classification. It can be due to the 
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fact few basketball players participated to the study. For 
male athletes, in Football (II B), Handball (II C) and Martial 
arts (III A) was noted the greatest percentages of abnormal 
repolarization patterns. Martial arts athletes presented with 
more LVH than the other, which correlate to its level of static 
training. Our results are different from those obtained in 
previous studies, like that from Maaike G et al, who studied 
on 641 Caucasian athletes from 22 different sporting 
disciplines. Their results showed there were marked cardiac 
adaptation differences between athletes from different 
sporting disciplines [21, 22].  

There were no marked differentiations in 
echocardiographic values for cardiac morphology and 
functions. For each echocardiographic parameter from the 
different sporting disciplines we had a random distribution of 
highest values. These results do not correlate to previous 
studies. Spirito P et al who studied on a sample of 947 
athletes from 27 different sporting disciplines and reported 
that, sports differs greatly with regard to their impact on 
cardiac dimensions and that, dynamic activities are 
associated to greater dimensions [1]. The results obtained 
were not explained from the fact that in our study population 
of athletes from the NIYS training individualized (precise to 
any sporting discipline). Athletes follow similar training 
courses with no relation to their specific sporting discipline. 
Hence, the actual static and dynamic component of each 
discipline were not respected. An example was training 
regimens with heavy resistance weight (high static and low 
dynamic demand) to increase strength and power for 
sporting disciplines that do not involve such heavy static 
demands. This can explain why the resultant cardiovascular 
adaptation pattern does not show clear distinctions among 
the sporting disciplines.  

5. Conclusions  
Our study on highly trained Cameroonian athletes of both 

genders and from different sporting disciplines showed no 
mark cardiac adaptation differences. The influence of 
unspecific training regime applied in our study population 
was demonstrated. In this study the striking ECG 
abnormalities demonstrated in black athletes could not be 
attributed to any sporting discipline. However, except for the 
abnormal repolarization pattern on electrocardiographic 
tracing which were present in all Football athletes (both male 
and female), we could not demonstrate any significant 
adaptation changes between athletes of the same gender from 
different sporting disciplines. In this study the striking ECG 
abnormalities demonstrated in black athletes could not be 
attributed to any sporting discipline.  
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