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Background: Regular physical training in young athletes leads to physiological cardiovascular adaptations, often manifested
as electrocardiographic (ECG) changes. Identifying predictors of such changes is essential for distinguishing normal adapta-
tions from potential pathological findings. Objective: The aim of this study was to investigate body mass index (BMI), systolic
and diastolic blood pressure (SBP/DBP), and heart rate (HR) as potential predictive factors for sinus arrhythmia, incomplete
right bundle branch block (IRBBB), and ST-segment elevation in young endurance and strength athletes. Methods: This ret-
rospective-prospective study included 60 male athletes aged 12-17 years (30 endurance, 30 strength athletes) who underwent
a five-year follow-up with regular ECG monitoring. Anthropometric and cardiovascular parameters (BMI, SBP, DBP, HR)
were recorded, and associations with ECG findings were analyzed using descriptive statistics, Student’s t-test, Mann-Whit-
ney U test, Chi-square test, and logistic regression. Results: Endurance athletes showed a significant increase in BMI during
follow-up (p = 0.035), while in strength athletes BMI was significantly associated with sinus arrhythmia (p = 0.045). Systolic
blood pressure at the end of the study significantly differed in endurance athletes with and without ST-segment elevation (p
= 0.029). However, logistic regression analysis demonstrated that BMI, SBP, DBP, and HR were not independent predictors
of ECG abnormalities in either group. Conclusion: Basic cardiovascular parameters such as BMI, blood pressure, and heart
rate do not appear to independently predict ECG changes in young athletes. Other factors, including training intensity and
genetic predisposition, likely play a greater role. Preventive cardiovascular screening remains crucial for the early detection
of clinically relevant abnormalities in this population.
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1. BACKGROUND

The athlete's heart syndrome represents a func-
tional adaptation of the cardiovascular system to
physical exertion. It typically develops in individuals
who train at least five days per week for more than
one hour per day. The hallmark of athlete’s heart is
physiological myocardial hypertrophy, a reversible
condition resulting from the increased workload of
the myocardium. Resting electrocardiography (ECG)
provides valuable insight into the electrophysiolog-
ical characteristics of the heart (1). ECG changes are
not obligatory in athlete’s heart; however, their ab-
sence does not exclude the diagnosis of this condition.
Moreover, the ECG pattern in athletes is dynamic,
evolving with training history, intensity, and aging.
Although ECG is a useful diagnostic tool, it should not
be regarded as the sole indicator of cardiac adaptation
to athletic activity.

Several factors influence the occurrence of ECG
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changes in athletes, including the type of sport,
training intensity, frequency and duration, sex, age,
genetic predisposition, individual variability, and au-
tonomic nervous system activity (2). Among these,
training intensity, frequency, and duration are partic-
ularly important, as professional athletes and those
who train more than six hours per week are more
likely to demonstrate ECG changes than recreational
athletes. In younger athletes (12-17 years), sinus ar-
rhythmia and incomplete right bundle branch block
(IRBBB) are observed more frequently, whereas in
older athletes (>20 years) ECG findings related to car-
diac hypertrophy predominate. Genetic background
and inter-individual variability further modulate the
extent of ECG adaptations, explaining why some ath-
letes exhibit pronounced changes while others show
minimal or no alterations.

Athletes generally exhibit enhanced parasympa-
thetic tone, which can result in sinus bradycardia or
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) Sinus arrhythmia IRBBB ST elevation
Variable P P P
No Yes No Yes No Yes
Initial values
BMI 17,23+2,41  17,28:249 0,035 17,71:258 16,91+229 0,379 17,0:1,9 17,4+ 0,611
(kg/m?) 2,8
100,0 95,0
SP (mmHg) 97i?)(29250- 975)898)’0' 0,728 95;2)898)’0' 1001’80(90(;’0' 0,650 (100,0-  (90,0- 0,486
’ ’ ’ ' 110,0)  100,0)
60,0 60,0
DP (mmHg) 60’%50?’7' 60’27(65(;’0' 0,790 60’%60(;’0' 60’%60(;’0' 0,773  (60,0-  (60,0- 0,486
’ ’ ’ ’ 70,0) 70,0)
Puls/min 78,71+12,6  74,31+10,1 0,362 7546116 77,0:115 0,710 72,692 8102’031 0,074
End of the study
BMI 19,84+ 19,56+ 19,9+ 19,3+
(kg/m?) 19,26+2,18  20,0:222 0,043 207 222 0,736 20 24 0,457
105,0(100,0- 110,0 110,0 100,0 110,0 100,0
SP (mmHg) 110 0) ’ (100,0- 0,697 (100,0- (100,0- 0,263  (100,0- (100,0- 0,029
' 110,0) 110,0) 110,0) 110,0)  110,0)
70,0 60,0
DP (mmHg) 60’;)0(60(;’0' 60’;)3(672)’5' 0,110 60’;)0(60(;’0' 60’;)0(60(;’0' 0,341  (60,0-  (60,0- 0,217
' ' ’ ’ 75,0) 70,0)
. 65,3+ 71,4+ 67,2+ 70,3+
Puls/min 65,42+10,0 71,7£14,5 0,109 9.62 15.0 0,184 151 113 0,632

Table 1. Comparative analysis of initial and final values of BMI, DBP, SBP, and HR in endurance athletes in relation to the presence of sinus
arrhythmia, IRBBB, and ST segment elevation. The results are presented as mean + standard deviation (x + SD), as well as median and

interquartile range (25-75th percentiles)

transient atrioventricular (AV) conduction abnormal-
ities, such as first-degree AV block or the Wenckebach
phenomenon. These manifestations are largely medi-
ated by autonomic nervous system activity (3). How-
ever, certain ECG changes warrant additional clinical
evaluation, including T-wave inversion in leads V2-V6
(except in adolescents), deep Q waves suggestive of hy-
pertrophic cardiomyopathy (HCM), prolonged QT in-
terval, and the presence of frequent extrasystoles or
tachyarrhythmias (4).

2. OBJECTIVE

The objective of this study was to evaluate body
mass index (BMI), systolic and diastolic blood pres-
sure (SBP/DBP), and heart rate (HR) as potential pre-
dictive factors for the occurrence of sinus arrhythmia,
incomplete right bundle branch block (IRBBB), and ST-
segment elevation in young endurance and strength
athletes, and to assess their interrelationship.

3. PATIENTS AND METHODS

This study included 60 male athletes who under-
went routine medical examinations at the Public In-
stitution Institute of Sports Medicine of Sarajevo
Canton. Participants were divided into two groups
according to the type of sport: 30 endurance athletes
(football players) and 30 strength athletes (combat
sports). All participants were between 12 and 17 years
of age and had a continuous training history. Athletes
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with interruptions in training or those engaged only
in recreational activities were excluded.

The study was designed as a retrospective-prospec-
tive cohort with a five-year follow-up period. Elec-
trocardiographic parameters (heart rate, sinus ar-
rhythmia, IRBBB, and ST-segment elevation) were
analyzed in parallel with measurements of body mass
index (BMI) and blood pressure.

Statistical analysis

Data were analyzed using the Statistical Package for
the Social Sciences (SPSS), version 13.0. The Shapiro-
Wilk test was applied to assess the normality of con-
tinuous variables. Normally distributed variables are
presented as mean =+ standard deviation (SD), while
non-normally distributed variables are presented as
median with interquartile range. Categorical vari-
ables are expressed as absolute and relative frequen-
cies.

Comparisons of independent variables with normal
distribution were performed using the Student’s t-
test, whereas the Mann-Whitney U test was applied
for variables without normal distribution. For depen-
dent variables, paired t-tests were used when nor-
mally distributed, and the Kruskal-Wallis test when
non-normally distributed. Categorical variables were
analyzed using McNemar’s test, Chi-square test, or
Fisher’s exact test, as appropriate.

Logistic regression analysis was conducted to eval-
uate the predictive value of BMI, SBP, DBP, and HR for
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. Sinus arrhythmia IRBBB ST elevation
Variable: P P P
No Yes No Yes Yes No
Initial values
g(lg/lmz) 18,67+2,46 18,4+235 0,172 18,63+2,62 184+122 0,879 18,724 17,3:1,5 0,356
100,0 100,0 100,0 100,0 100,0 100,0
SP (mmHg) (90,0- (100,0- 0,154 (90,0- (100,0- 0,402  (90,0- (100,0- 0,795
& 102,5) 108,7) 108,75) 107,5) 110,0) 110,0)
60,0 60,0 60,0 60,0
DP (mmHg) 60’22(65(;’0_ (60,0- 0,377 60’;)(560(;’0_ (60,0- 0,595  (60,0- (60,0- 0,315
’ 70,0) ’ 63,75) 70,0) 65,0)
Puls/min 82,28+16,2 72,6+7,0 0227 77,7«14,1 87,6166 0,146 80,5:14 72361 0,376
End of the study
3(1\;/11112) 21,0+2,03 20,4£1,59 0045 21,0£1,98 20,2:«1,56 0,388 21,0+1,8 19,03+1,2 0,078
100,0 112,5 107,5 105,0 110,0 110,0
SP (mmHg) (98,7- (100,0- 0,034  (100,0- (97,5- 0,860 (100,0-  (100,0- 0,072
110,0) 120,0) 115,0) 112,5) 115,0) 110,0)
70,0 62,5 60,0 70,0
DP (mmHg) 62’75(;60(;’0_ (65,0- 0,377 60’;)0(60(;’0_ (60,0- 0,129  (60,0- (60,0- 0,948
’ 70,0) ’ 66,25) 70,0) 70,0)
Puls/min 73,3+16,2 63,2¢6,49 0,120 70,0+14,2 73,0£184 0,671 71,8151 69,6:4,9 0,183

Table 2. Comparative analysis of initial and final values of BMI, SBP, DBP, and heart rate in strength athletes in relation to the presence of
sinus arrhythmia, IRBBB, and ST segment elevation. The results are presented as mean + standard deviation (x + SD), as well as median and

interquartile range (25-75th percentiles).

the occurrence of ECG characteristics associated with
athlete’s heart. A p-value < 0.05 was considered statis-
tically significant.

4. RESULTS

Body mass index (BMI) values showed a significant
increase from baseline to the end of the study in both
groups (Table 1). Endurance athletes increased from
17.26 + 2.41 to 19.68 + 2.20 kg/m? (p = 0.035), while
strength athletes increased from 18.60 + 2.39 to 20.88
+ 1.91 kg/m® (p = 0.029). No significant differences
were observed in systolic blood pressure (SBP), dia-
stolic blood pressure (DBP), or heart rate (HR) between
the groups at either time point.

When stratified by ECG findings, baseline BMI,
SBP, DBP, and HR in the endur-

however, BMI was significantly higher in athletes
with sinus arrhythmia compared to those without
(p = 0.045). Likewise, SBP was significantly higher in
athletes with sinus arrhythmia (p = 0.034). No other
parameters showed statistically significant differ-
ences in this group.

Multivariate logistic regression was applied to eval-
uate the predictive value of BMI, SBP, DBP, and HR for
ECG changes. None of the analyzed variables emerged
as independent predictors of sinus arrhythmia in ei-
ther endurance or strength athletes (Table 3). Simi-
larly, no significant associations were found between
these variables and the occurrence of IRBBB (Table 4).

With respect to ST-segment elevation, BMI, SBP,
DBP, and HR did not reach statistical significance as

ance group did not differ signifi-

. . Endurance athletes Strength athletes

cantly according to the presence Variable: B OR (95%IC B OR (95%1C
of sinus arrhythmia, IRBBB, or (95%IC) P (95%IC) P
ST-segment elevation. However, BMI -0.394 0,675 (0,431~ 0085 0106 L1112 (0,705~ 0.647
SBP at the end of the study was (kg/m?) , 1,056) , ’ 1,755) ,
significantly higherin endurance gp (mmHg) 0,047 1,048(0,938- 0,410 0,056 1,058 (0,941- 0,346
athletes with ST-segment eleva- 1,171) 1,188)
tion compared to those without DP (mmHg) -0,027 0,973 (0,854- 0680 0.022 1,023(0,830- 0,835
(p = 0.029). : 1,108) : ’ 1,250)

In the strength athlete group, . 0,973(0,901- 1,033 (0,974~
baseline BML %BP’ DBP, argl P H% Puls/min  -0,027 1’0(52) 0,489 0,022 1’0(96) 0,281

also showed no significant dif-

Dependent variable: sinus arrhythmia.

ferences when stratified by ECG
findings (Table 2). At follow-up,
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Table 3. Independent Predictors of Sinus Arrhythmia in Endurance and Strength Athletes.
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In the endurance athlete group,

. Endurance athletes Strength athletes .
Variable: systolic blood pressure at follow-
B OR (95%IC) p B OR (95%IC) p up was significantly higher in
BMI 0,712 (0,465- 0,771(0,384- those with ST-segment elevation
0340 ’ 0,118 -0,260 ’ 0,498 , :

(kg/m?) 1,090) 1,635) compared to those without. This
1,061 (0,953- 1,180(0,951- finding suggests (7) that chronic

P H ’ ) 27 1 ’ ’ 134 . oo, .
SP(mmHg) 0,059 1,1180) 0279 0,165 1,464) 0.13 aerobic training may influence
1,040 (0,914- 0,906 (0,656- cardiovascular hemodynamics
DP (mmHg) 0,039 1,182) 0,554 -0,099 1,251) 0,549 in ways that predispose to ST-
) 1,023 (0,950- 1,058 (0,982- segment alterations. Similarly,
Puls/min 0,023 1109) 0,545 0,056 1.130) 0138 i the strength athlete group,
Dependent variable: IRBBB (Incomplete Right Bundle Branch Block) both BMI an‘d SBP \‘Nere'mgnlﬁ-
cantly associated with sinus ar-
Table 4. Independent Predictors of IRBBB in Endurance and Strength Athletes rhythmia. However, when tested
in multivariate logistic regres-
Variable: Endurance athletes Strength athletes sion models, none of these vari-
' B OR(95%IC)  p B OR (95%IC) p ables remained independent
BMI 1,236 (0,805— 0,837(0,268- predictors Of ECG abnormali-
(kg/m?) 0,212 1,896) 0,332 -0,178 2,609) 0,759 ties. This discrepancy highlights
the importance of considering

0,914 (0,812~ 1,269 (0,868- '~ 1mpa ' :
SP(mmHg)  -0,090 1,0(29) 0,137 0,238 1,8(55) 0,219 training intensity, duration, and
tic predisposition as poten-

1,009 (0,892- 0,626 (0,455- genetic p p p

DP (mmHg) 0,009 1 1(41) 0,888 -2,072 0 8(64) 0,126  tially more relevant determi-

: : nants of ECG changes (8).
Puls/min 0,084 1’08171(2’79)96' 0,062 -0,137 0’87121(8;16)88' 0,872 Our results support the no-

Dependent variable: ST elevation.

tion that athlete’s heart is a mul-
tifactorial condition, in which

Table 5. Independent Predictors of ST Segment Elevation in Endurance and Strength Athletes

independent predictors in either athlete group (Table
5). Although SBP in endurance athletes and BMI in
strength athletes showed significant differences in
univariate comparisons, these effects did not remain
significant in the multivariate regression model.

5. DISCUSSION

Analysis of the obtained data revealed significant
changes in BMI among both endurance and strength
athletes during the five-year follow-up. Endurance
athletes demonstrated a consistent increase in BMI,
whereas strength athletes showed a significant as-
sociation between BMI and the presence of sinus ar-
rhythmia. These findings suggest that anthropo-
metric changes may reflect physiological adaptations
to training type, consistent with previous studies
reporting that prolonged endurance or strength
training can influence body composition and car-
diovascular parameters (5,6). Interestingly, neither
systolic nor diastolic blood pressure, nor heart rate,
exhibited significant differences between groups at
baseline or follow-up. This observation indicates that,
although these parameters are important for overall
cardiovascular function, they may lack sensitivity as
predictors of electrocardiographic abnormalities in
young athletes. In line with earlier research, our re-
sults emphasize that basic cardiovascular measures
may not adequately explain the development of spe-
cific ECG patterns associated with athlete’s heart (7, 8).
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morphological and electrophysi-
ological adaptations extend be-
yond simple anthropometric
or hemodynamic predictors. Preventive cardiovas-
cular screening in young athletes remains essential,
as early identification of abnormal or borderline ECG
findings may help distinguish between benign physi-
ological adaptations and early manifestations of po-
tentially life-threatening cardiac conditions (9, 10).

6. CONCLUSION

Basic cardiovascular parameters such as body mass
index, blood pressure, and heart rate do not appear
to be independent predictors of electrocardiographic
changes in young athletes. Although certain associa-
tions were observed in univariate analyses—such as
increased BMI in endurance athletes and the relation-
ship between BMI and sinus arrhythmia in strength
athletes—these findings did not retain statistical sig-
nificance in multivariate models.

These results underscore the multifactorial nature
of athlete’s heart, where training intensity, duration,
and genetic predisposition likely play a more promi-
nent role in shaping ECG adaptations. Preventive car-
diovascular screening remains indispensable, as it
enables early differentiation between physiological
changes and potential pathological findings, ensuring
the safety of young athletes during intensive training
and competition.

Limitations and Guidelines for future research

This study has several limitations, including a rela-
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tively small sample size, which may limit the gener-
alizability of the findings to a broader population of
athletes. Additionally, we cannot exclude the influ-
ence of other factors, such as dietary habits, supple-
ment use, or stress levels, which may significantly af-
fect cardiovascular parameters and the development
of arrhythmias. Future research should aim to expand
the sample size and monitor these factors to better un-
derstand the mechanisms that lead to changes in car-
diovascular parameters and their relationship with
electrocardiographic abnormalities. Further studies
should also investigate the long-term association
between different types of training (endurance vs.
strength) and cardiovascular health, which could help
define optimal strategies for the prevention of cardiac
arrhythmias in athletes.
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