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Electrocardiogram interpretation in children:  
The key role of age, sex, and ethnicity 
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A resting 12-lead electrocardiogram (ECG) is 
an essential test for evaluating cardiovascular 
function in pediatric patients [1]. This tool 
could provide insightful data on cardiovas-
cular adaptation, as well as the possibility of 
early detection of life-threatening conditions, 
therapy management, and eligibility for 
participation in sports competitions among 
the increasingly expanding pediatric athlete 
population [2]. However, while there is a lot 
of evidence on the interpretation of ECG in 
young adult athletes (16–35 years), data on 
pediatric counterparts (<16 years) are scarce 
and primarily collected from small and hetero-
geneous cohorts [3, 4]. A recent study showed 
that pediatric athletes like adult athletes ex-
hibit a high prevalence of ECG abnormalities 
representing training-related ECG adaptation 
[5]. The study pointed out the need for specific 
and sensible diagnostic criteria and reference 
values for the pediatric population. Due to the 
existence of various confounding factors, such 
as sexual maturation and growth, which can 
alter the interpretation of clinical data, ECG 
of pediatric individuals poses some unique 
challenges [6, 7]. Furthermore, interpretation 
should also consider sex and ethnicity.

Because of the above, age- and sex-de-
pendent ECG norms for populations from 
Western Europe, Africa, Asia, and the Amer-
icas have been reported while data from 
Central-Eastern Europe are lacking, except for 
ECG values from healthy Russian children and 
adolescents [8].

In the current issue of the journal, Pietrzak 
et al. [9] present an intriguing study about the 
characteristics of 336 healthy Polish children 
aged from 5 to 12 years old. The purpose 
of the study was to evaluate age and sex 
differences in ECG parameters and compare 
them to ECG reference limits examined by 
other authors in different ethnic groups. To 
examine each parameter, samples were cat-
egorized according to sex (boys vs. girls) and 
age (5–8 vs. 9–12 years). The heart rate (HR), 
QRS axis, P wave amplitude in lead II, and 
amplitude of R and S in the precordial leads 
were different than previously reported. The 
heart rate (HR) and QRS duration are the most 
evident ECG signs of aging [10]. As shown 
here, the former decreases with age while the 
latter increases.

More specifically in the current study, 
changes in the QRS complex were related to 
a decrease in the Q-wave in V5 and V6, an in-
crease in the R-wave in V1–V4, and an increase 
in the QRS duration. Overall, these modifi-
cations occur as the cardiovascular system 
matures normally. Regarding sex differences, 
girls had a higher heart rate and a shorter QRS 
than boys. In addition, the difference between 
girls and boys was greater for PR interval, 
R-wave, S-wave, and R/S ratio in children aged 
5–8 than in children aged 9–12. 

This discrepancy could be explained by 
differences in pubertal development and 
greater muscular contribution to growth in 
girls up to the age of eight years compared 
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to boys. These results are notably novel in comparison to 
the existing literature.

In fact, the authors discovered disparities between the 
ECG parameters of Polish children and the recognized pe-
diatric limits for other ethnic groups confirming once again 
that age, sex, and ethnicity must be taken into account 
while analyzing pediatric ECG [9]. Furthermore, this study 
offers novel insights into the ECG parameters of Central and 
Eastern European children. Clearly, additional research is 
needed to confirm these findings. 

In fact, this study is based on a limited sample of chil-
dren only from Poland’s metropolitan regions. 

As mentioned above, because there has been a signifi-
cant increase in the number of pediatric athletes compet-
ing at various levels who consequently receive ECG-based 
preparticipation screening, the results of this study are 
greatly appreciated. To avoid false positives or negatives, 
it is necessary to define appropriate and reasonable ECG 
diagnostic criteria based on age, sex, and ethnicity. 

Article information
Conflict of interest: None declared.

Funding: None.

Open access: This article is available in open access under Creative 
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (CC BY-NC-ND 4.0) license, allowing to download articles and 
share them with others as long as they credit the authors and the 
publisher, but without permission to change them in any way or use 
them commercially. For commercial use, please contact the journal 
office at kardiologiapolska@ptkardio.pl.

REFERENCES
1. Chan TC, Sharieff GQ, Brady WJ. Electrocardiographic manifestations: 

pediatric ECG. J Emerg Med. 2008; 35(4): 421–430, doi: 10.1016/j.
jemermed.2007.09.039, indexed in Pubmed: 18439791.

2. Halasz G, Cattaneo M, Piepoli M, et al. Pediatric athletes’ ECG and diag-
nostic performance of contemporary ECG interpretation criteria. Int J 
Cardiol. 2021; 335: 40–46, doi: 10.1016/j.ijcard.2021.04.019, indexed in 
Pubmed: 33857542.

3. Drezner JA, Sharma S, Baggish A, et al. International criteria for electrocar-
diographic interpretation in athletes: Consensus statement. Br J Sports 
Med. 2017; 51(9): 704–731, doi: 10.1136/bjsports-2016-097331, indexed 
in Pubmed: 28258178.

4. Jakubiak AA, Burkhard-Jagodzińska K, Król W, et al. The differences in elec-
trocardiogram interpretation in top-level athletes. Kardiol Pol. 2017; 75(6): 
535–544, doi: 10.5603/KP.a2017.0021, indexed in Pubmed: 28181210.

5. Halasz G, Cattaneo M, Piepoli M, et al. Early repolarization in pediatric 
athletes: A dynamic electrocardiographic pattern with benign prognosis. J 
Am Heart Assoc. 2021; 10(16): e020776, doi: 10.1161/JAHA.121.020776, 
indexed in Pubmed: 34387099.

6. Okin PM, Wright JT, Nieminen MS, et al. Ethnic differences in electro-
cardiographic criteria for left ventricular hypertrophy: the LIFE study. 
Losartan Intervention For Endpoint. Am J Hypertens. 2002; 15(8): 663–671, 
doi: 10.1016/s0895-7061(02)02945-x, indexed in Pubmed: 12160187.

7. Okin PM, Wright JT, Nieminen MS, et al. Ethnic differences in electro-
cardiographic criteria for left ventricular hypertrophy: the LIFE study. 
Losartan Intervention For Endpoint. Am J Hypertens. 2002; 15(8): 663–671, 
doi: 10.1016/s0895-7061(02)02945-x, indexed in Pubmed: 12160187.

8. Landon G, Denjoy I, Clero E, et al. Reference values of electrographic 
and cardiac ultrasound parameters in Russian healthy children and ad-
olescents. Sci Rep. 2021; 11(1): 2916, doi: 10.1038/s41598-021-82314-0, 
indexed in Pubmed: 33536510.

9. Pietrzak R, Gąsior JS, Książczyk T, et al. Electrocardiograms in school-aged 
healthy Polish children — an observational study. Kardiol Pol. 2022; 80(12): 
1211–1216, doi: 10.33963/KP.a2022.0186, indexed in Pubmed: 35938909.

10. O’Connor M, McDaniel N, Brady WJ. The pediatric electrocardiogram part 
II: Dysrhythmias. Am J Emerg Med. 2008; 26(3): 348–358, doi: 10.1016/j.
ajem.2007.07.034, indexed in Pubmed: 18358948.

http://dx.doi.org/10.1016/j.jemermed.2007.09.039
http://dx.doi.org/10.1016/j.jemermed.2007.09.039
https://www.ncbi.nlm.nih.gov/pubmed/18439791
http://dx.doi.org/10.1016/j.ijcard.2021.04.019
https://www.ncbi.nlm.nih.gov/pubmed/33857542
http://dx.doi.org/10.1136/bjsports-2016-097331
https://www.ncbi.nlm.nih.gov/pubmed/28258178
http://dx.doi.org/10.5603/KP.a2017.0021
https://www.ncbi.nlm.nih.gov/pubmed/28181210
http://dx.doi.org/10.1161/JAHA.121.020776
https://www.ncbi.nlm.nih.gov/pubmed/34387099
http://dx.doi.org/10.1016/s0895-7061(02)02945-x
https://www.ncbi.nlm.nih.gov/pubmed/12160187
http://dx.doi.org/10.1016/s0895-7061(02)02945-x
https://www.ncbi.nlm.nih.gov/pubmed/12160187
http://dx.doi.org/10.1038/s41598-021-82314-0
https://www.ncbi.nlm.nih.gov/pubmed/33536510
http://dx.doi.org/10.33963/KP.a2022.0186
https://www.ncbi.nlm.nih.gov/pubmed/35938909
http://dx.doi.org/10.1016/j.ajem.2007.07.034
http://dx.doi.org/10.1016/j.ajem.2007.07.034
https://www.ncbi.nlm.nih.gov/pubmed/18358948

