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ABSTRACT

The electrocardiogram (ECG) is a graphic representation of the heart’s electrical activity. Although it has some
limitations as a diagnostic or prognostic tool, it contains a wealth of information necessary for the proper care of a
patient with a potential cardiovascular disease. Understanding the ECG changes among athletes would allow medical
practitioners to distinguish between normal physiological adaptations and abnormal changes. However, there is limited
data on the ECG characteristics among multi-ethnic athletes such as in Malaysia. This study aimed to determine the ECG
characteristics and its associated factors among Malaysian national athletes. Malaysian national athletes annual pre-
participation medical records were retrieved. Information on sociodemographic, sports and medical history including
the 12-lead resting ECG tracings were extracted. ECG were assessed and categorised into normal, physiological
adaptation changes, and abnormal ECG using the standardised ‘Seattle criteria’. Differences in ECG characteristics
between genders, ethnic background, and type of sports was investigated. Additionally, factors associated with the
ECG characteristics were assessed using multiple logistic regression. Majority of Malaysian national athletes had
physiological adaptation ECG changes (61%,). The most frequent changes were early repolarization, sinus bradycardia
and isolated left ventricular hypertrophy. We found significantly higher prevalence of physiological adaptation changes
among men (¥’(2,371) = 18.9; p = 0.001) and athletes of Chinese ethnicity (both genders) (y*(2,356) = 13.8; p = 0.002).
Factors associated with physiological ECG changes were men (OR=2.67; 95% CI= 1.68, 4.27; p<0.001) and Chinese
ethnicity (OR=2.92; 95% CI=1.68, 4.27; p=0.039). Most athletes had physiological adaptation ECG changes which were
significantly associated with male gender and Chinese ethnicity. This information would facilitate the development of a
specific guideline in interpreting ECG among Malaysian athletes.
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ABSTRAK

Elektrokardiogram (ECG) adalah gambaran grafik aktiviti elektrik jantung. Walaupun ia mempunyai beberapa batasan
sebagai alat diagnostik ataupun prognostik, ia mengandungi pelbagai maklumat yang diperlukan dalam penjagaan pesakit
yang berpotensi mengidap penyakit kardiovaskular. Memahami perubahan elektrokardiografi (ECG) dalam kalangan
atlet akan membolehkan para pengamal perubatan membezakan antara perubahan akibat penyesuaian fisiologi normal
dan perubahan yang tidak normal. Walau bagaimanapun, terdapat data terhad mengenai ciri-ciri ECG dalam kalangan
atlet berbilang kaum seperti di Malaysia. Kajian ini bertujuan untuk menentukan ciri-ciri ECG dan faktor yang berkaitan
dalam kalangan atlet kebangsaan Malaysia. Rekod perubatan pemeriksaan saringan kesihatan tahunan atlet kebangsaan
Malaysia diperoleh untuk penilaian. Maklumat berkaitan sosiodemografi, sukan dan sejarah perubatan termasuk rekod
ECG (sewaktu rehat) diekstrak. ECG dinilai dan dikategorikan kepada perubahan adaptasi fisiologi yang normal dan
tidak normal ECG menggunakan ‘Kriteria Seattle’yang diseragamkan. Perbezaan ciri ECG antara jantina, latar belakang
etnik dan jenis sukan diselidiki. Di samping itu, faktor yang dikaitkan dengan ciri-ciri ECG dinilai dengan menggunakan
regresi logistik berganda. Majoriti (61%) atlet kebangsaan Malaysia mempunyai perubahan penyesuaian fisiologi ECG
terhadap sukan. Perubahan paling kerap ialah pengutuban semula awal, bradikardia sinus dan hipertrofi ventrikel kiri.
Perubahan ketara perubahan penyesuaian fisiologi didapati dalam kalangan atlet lelaki (¢*(2,371) = 18.9; p = 0.001)
dan atlet etnik Cina (lelaki dan wanita) (¥°(2,356) = 13.8; p = 0.002). Faktor yang dikaitkan dengan perubahan fizikal
fisiologi ialah lelaki (OR = 2.67, 95% CI = 1.68, 4.27; p <0.001) dan etnik Cina (OR = 2.92; 95% CI = 1.68, 4.27; p =
0.039). Kebanyakan atlet mempunyai perubahan penyesuaian fisiologi perubahan ECG yang dikaitkan dengan jantina
lelaki dan etnik Cina. Maklumat ini akan memudahkan perkembangan garis panduan khusus dalam menafsirkan ECG
dalam kalangan atlet Malaysia.

Kata kunci: Corak; elektrokardiogram; jantung atlet; penyesuaian fisiologi
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INTRODUCTION

Electrocardiographic (ECG) alterations are common
among athletes. In most cases, the ECG changes observed
reflected on benign structural and electrical remodelling
of the heart in response to long-term exposure to regular
and sustained physical training (Drezner et al. 2013b).
This phenomenon is also known as the athlete’s heart. In
some cases, the ECG changes may represent an underlying
inherited or congenital cardiovascular abnormality that
might lead to sudden cardiac death (SCD) (Harmon et
al. 2011; Maron et al. 2003). Early detection of such
diseases might prevent occurrence of SCD during physical
activities. A systematic pre-participation screening that
includes 12-lead ECG assessment has led to 89% decrease
in the incidence of SCD (Corrado et al. 2006).

The extent of cardiac morphological and electrical
changes in response to regular exercise are affected by
several factors including the athletes’ age, gender, ethnicity
and type of sports (D’Silva & Sharma 2014; Karagjozova
et al. 2017; Papadakis et al. 2012). Physiological ECG
alterations were more prevalent among male athletes and
among athletes of African/Caribbean ethnicity (Magalski et
al. 2008; Papadakis et al. 2012). They reported significant
difference in the proportion of ECG changes between
athletes of different ages and type of sports (Pelliccia et al.
2007). Lower prevalence of ECG changes were reported
among young competitive athletes in Asia (Ma et al.
2007). Understanding the ECG changes among athletes
would allow medical practitioners to distinguish between
normal physiological adaptations and abnormal changes.
This is important for further action to exclude or confirm
underlying cardiovascular conditions associated with SCD.
In clinical practice, one of the methods to assess ECG
tracings among athletes are done using the ‘Seattle
Criteria’ (Drezner et al. 2013a). A standard comprehensive
guideline and online training module for physicians
using the Seattle Criteria is available at no cost through
the British Medical Journal learning platform (BMJ
Learning). This provides an important platform to
improve the quality and standard of ECG interpretations
for athletes.

Previous studies on ECG characteristics among
athletes mostly involved athletes of Caucasian
background (Magalski et al. 2008; Papadakis et al. 2012;
Rawlins et al. 2009; Waase et al. 2018). However, Malaysia
is a multi-ethnic country with a total population of 32.6
million people (Department of Statistics Malaysia 2019).
The Malays, Chinese and Indians ethnicities made up
almost >80% of the total Malaysia population.

At the National Sports Institute (NSI) of Malaysia,
athletes are required to complete annual pre-participation
assessment. During these assessments, brief clinical
history and structured physical examination were
performed. Additionally, a resting 12-lead ECG is also
routinely conducted. Currently, there is limited data on

ECG characteristics among the multi-ethnic Malaysian
athletes (Lim et al. 2017). Hence, this study aimed to
determine the ECG characteristics of Malaysian athletes
in NST using the 2012 ‘Seattle Criteria’ recommendations
for 12-lead ECG interpretations (Drezner et al. 2013a).
Additionally, factors associated with ECG characteristics
were investigated.

MATERIALS AND METHODS

A retrospective medical records review was performed
from 2 January to 31 December 2017 at the NSI Clinic,
Kuala Lumpur, Malaysia. The athlete’s pre-participation
medical records from January 2015 to December 2016
were reviewed. Athletes’ sociodemographic (date of birth,
gender, education level, marital status, occupation), height,
weight, type of sports, blood pressures (diastolic and
systolic) and resting ECG tracings were extracted.

Age was defined as the athlete’s age at the time of
pre-participation assessment based on the date of birth.
Body mass index (BMI) was calculated with the weight
(kg) divided by the height squared (m?). The classification
of BMI was based on the Malaysia Clinical Practice
Guideline on Obesity (Clinical Practice Guidelines on
Obesity 2004). The various sports were grouped into
classes based on the peak static and dynamic components
of the sports as described by Mitchell et al. (2005). Each
sport was categorised into low, moderate and high level
of intensity of static and dynamic exercise.

All resting 12-lead ECGs were performed by trained
paramedics (medical officer assistants or staff nurses)
with the athlete in the supine position. ECGs were
performed using the MAC1600 ECG Analysis System (GE
Medical System, USA) with the paper speed set at 25 mm/s
and amplification of 0.1 mV (Friedman 1985). All ECG
tracings were scanned and made anonymized (athlete’s
name and identification number were removed) before
sending for assessment by 2 sports physicians (ZJ and
SAK). Both assessors had successfully completed the BMJ
Learning ‘ECG interpretation in athletes’ online training
module (BMJ Learning) prior to the study commencement.
A standardised ECG reporting form was created to
document ECG characteristics based on the ‘Seattle
Criteria’. The ‘Seattle Criteria’ was introduced in 2012 at
the ECG interpretation summit to improve the specificity
of the ECG when used as a screening tool for athletes
(Lisman 2016). These criteria divide ECG characteristics
into 2 categories: adaptive and benign training-induced
ECG that need no further workup (normal physiological
changes), or abnormal ECG that could indicate underlying
pathology therefore require further evaluation (Drezner et
al. 2013a, 2013b).

Data analysis was performed using the Statistical
Package for Social Sciences Version 25.0 (SPSS Inc,
Chicago, IL, USA), and a p value of <0.05 was considered
significant. Continuous variables were expressed as mean



and standard deviation or median and interquartile range
depending on normality of data distribution. Categorical
variables were described as absolute numbers and
percentages. Differences between and within genders
were analysed using Chi-square and Kruskal-Wallis
tests for categorical and continuous data, respectively.
The associations between ECG changes and type of
sports and ethnicity were assessed using Chi-square
tests. Comparisons between normal and physiological
adaptations changes were assessed using the multiple
logistic regression using enter methods. Prior to logistic
regression analysis relevant data were assessed to ensure
all assumptions were met, including multicollinearity. In
essence, multicollinearity is a statistical phenomenon in
which predictor variables are highly correlated (Fields
2009). Multicollinearity cause unstable estimates and
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inaccurate variances which affects variances of the
parameter estimates, and consequently incorrect inferences
about relationships between variables (Habshah et al.
2013).

We did not include abnormal changes in view of the
small proportion. The findings of logistic regression
were presented as odds ratio (OR) and 95% confidence
interval (CI). Ethical approvals were obtained from the
University of Malaya Medical Centre Ethics Committee
(MECID. No. 20152-1023) and the National Institute of
Sports of Malaysia (ISNRP-016-2015).

RESULTS

A total of 371 athletes” medical pre-participation records
were retrieved in this study. Athletes sociodemographic
characteristics are displayed in Table 1.

TABLE 1. Participants sociodemographic and anthropometric characteristics (n=371)

Variables Median (IQR) [Range] Frequency (%)
Age (year) 20.0 (IQR 5.0) [11 to 58]
Weight® (kg) 63.2 (IQR 19.1) [35.9 to 121.6]
Height® (cm) 167.0 (IQR 13.0) [144 to 197.0]
BSA® (m?) 1.7 (IQR 0.3) [1.22 to 2.40]
BMI® 22.1 (IQR 4.2) [15.29 to 44.14]
Underweight 22 (5.9)
Normal weight 191 (51.5)
Pre-obese 94 (25.3)
Obese | 38 (10.2)
Obese 11 7(1.9)
Obese 111 19 (5.1)
Gender
Men 183 (49.3)
Women 188 (50.7)
Ethnic background
Malay 208 (56.1)
Chinese 144 (38.8)
Indian 13 (3.5)
Others 6 (1.6)
Education level
Primary 6 (1.6)
Secondary 144 (38.8)
Tertiary 107 (28.9)
Not stated 114 (30.7)
Occupation
Athlete 84 (22.6)
Student 172 (46.4)
Employed 29 (7.8)
Not stated 86 (24.1)
Marital status
Single 316 (85.2)
Married 18 (4.9)
Not stated 37 (10.0)

BMI = body mass index; BSA=body surface area

14 missing data; *16 missing data
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Table 2 compared the health parameters between
men and women. Men were significantly taller, heavier,
has higher BSA & BMI and higher systolic blood pressure
compared to women (p<0.05). However, there was no
significant difference in age between genders. There was

no significant differences in age, weight, height and BMI
within gender among all ethnicities (p>0.05). Athletes from
34 different sports were represented in this study. Majority
(61.8%) of athletes in this study were in the low-static
sports class (Table 3).

TABLE 2. Comparison of health parameters according to gender

Gender
Characteristics
Men Women z p
Age (years) 21.0 (5.0) 20.0 (5.0) 0.96 0.382
Height (cm)® 172.0 (11.6) 163.0 (9.8) 117.50 <0.001™
Weight (kg)® 68.8 (18.0) 57.8 (13.0) 51.10 <0.001™
BSA (m?)? 1.8 (0.3) 1.6 (0.2) 58.60 <0.001™
BMI (kg/m?)° 22.7 (4.4) 214 (4.2) 11.60 0.001™
Systolic blood pressure (mmHg) 115.0 (18.0) 105.0 (16.0) 29.70 <0.001™
Diastolic blood pressure (mmHg) 67.0 (13.3) 67.0 (11.0) 0.40 0.509
Pulse rate (bpm) 66.5 (13.0) 71.0 (16.0) 6.50 0.011
BMI = body mass index; BSA=body surface area; bpm = beat per minute
14 missing data; 16 missing data
#p < 0.05, **p < 0.01
TABLE 3. Classification of sports based on static and dynamic components (n=371)
Dynamic component
Static component Low Moderate High
High 36 (9.7%) 2 (0.5%) 3(0.8%)
Gymnastic, karate, Bodybuilding Boxing
silat, waterski, wushu
Moderate 23 (6.2%) 45 (12.1%) 33 (8.9%)
Archery, diving, Athletic, fencing, rugby, Ice hockey
equestrian synchronised swimming
Low 67 (18.1%) 54 (14.6%) 108 (29.1%)

Petanque, bowling,

golf,

lawn ball, shooting

Dodgeball, softball, table
tennis, volleyball

Sepak takraw, badminton,
field hockey, soccer,
squash
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Actotal 0f 356 (96%) ECGs assessed were considered ~ with the remaining 130 (35%) were completely normal
normal (completely normal ECG and physiological ECG. The 3 most frequent physiological adaptations
adaptation ECG changes). Of the normal ECG, physiological ECG changes in this study were early repolarization
adaptations changes were seen in 226 athletes (61%),  pattern (n=171/46.1%), sinus bradycardia (n=132/35.6%)

and isolated QRS voltage criteria for left ventricular
hypertrophy (n=69/18.6%) (Table 4).

TABLE 4. ECG physiological adaptations changes (n=226)

Physiological ECG changes Frequency %
Early repolarization 171 46.1
Sinus bradycardia 132 35.6
Isolated QRS LVH 69 18.6
Sinus arrhythmia 35 9.4
Incomplete RBBB 17 4.6
1* degree AV block 8 2.2
Ectopic atrial 5 1.3
Junctional escape 4 1.1
Mobitz Type 1 AV block 1 0.3

LVH=left ventricular hypertrophy; RBBB=right bundle branch block; AV=atrioventricular

Most athletes (n=143/63.3%) with physiological =~ women (¥*(2,371)=18.9; p=0.001). Significantly higher
adaptations ECG changes had 2 or more characteristics ~ proportion of athletes of Chinese ethnicity (both men and
in their tracings. The prevalence of normal physiological =~ women) had normal physiological ECG changes compared
changes were significantly higher among men comparedto  to athletes of other ethnic background (y? (2,356) = 13.8;

p=0.001) (Table 5).

TABLE 5. Gender and ethnicity association with physiological adaptations ECG changes (n=356)

ECG Changes
Variables )
Completely ) _ _
Normal Physiological adaptation
Gender
Men 48 (27.1) 129 (72.9)
<0.001**
Women 82 (45.8) 97 (54.2)
Ethnicity
Malay
i 87 (43.7) 112 (56.3)
Chinese
. 34 (24.6) 104 (75.4) 0,002+
Indians and
9(474) 10 (52.6)

others

*p<0.05,** p<0.01
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Only 15 (4%) athletes had abnormal ECG changes. abnormal ECG changes observed was long QT interval

Thirteen had single abnormal ECG changes and 3 had followed by T-wave inversion, pathological Q-wave and
more than 1 abnormal ECG changes. Of these, the frequent ~ right ventricular hypertrophy (Table 6).

TABLE 6. Abnormal ECG changes (n=371)

Abnormal ECG changes (n=15) Frequency %
Long QT 7 1.9
T-wave inversion 3 0.8
Pathological Q-wave 2 0.5
R ventricular hypertrophy 2 0.3
Complete LBBB 1 0.3
Complete RBBB 1 0.3
Mobitz type 11 1 0.3
Ventricular pre-excitation 1 0.3
Epsilon wave 1 0.3

LBBBB-=left bundle branch block; RBBB=right bundle branch block

There were significant associations between 7). There were no significant association between the
physiological adaptations ECG changes with men  physiological adaptation’s ECG changes and age nor

(OR=2.67; 95% CI= 1.68, 4.27; p<0.001) and Chinese  types of sports. There was no multicollinearity between
athletes (OR=2.92; 95% CI=1.68, 4.27; p=0.39) (Table  the variables.

TABLE 7. Associations between physiological adaptations ECG changes and age, gender, ethnicity, and sports
classification (N=356)

Variables B (SE) Odds ratio (95% CI) P-Value
Age
<18 years 0.04 (0.51) 1.04 (0.38, 2.82) 0.941
18 — 29 years 0.28 (0.47) 1.33 (0.53, 3.35) 0.550
> 30 years Ref
Gender
Men 0.98 (0.24) 2.67 (1.68, 4.27) <0.001**
Women Ref
Ethnicity
Malay 0.10 (0.50) 1.10 (0.42,2.91) 0.840
Chinese 1.07 (0.52) 2.92 (1.06, 8.07) 0.039*
Indians and others Ref

Sports classification

Low static 0.16 (0.36) 1.17 (0.57, 2.38) 0.669
Moderate static 0.42 (0.40) 1.51 (0.69, 3.34) 0.304
High static Ref

Ref = reference group; CI=confidence interval; statistical significance = p<0.05; Chi-square=4.64, p=0.704; R>= 0.124 * p < 0.05, ** p <0.01



DISCUSSION
Majority of highly trained athletes in this study had normal
ECG. The prevalence of normal ECG of 96% in this study

was comparable to those reported by previous studies.
Normal ECG or ECG with minor alteration prevalence
ranges between 88.2% and 95.5% were reported among
athletes by Pellicia et al. (2007) and Ma et al. (2006),
respectively. Most minor ECG changes (sinus bradycardia,
R or S wave, J-junction elevation and incomplete RBBB)
were the result of structural and electrical remodelling
of the heart to regular and sustained physical activity
(Friedman 1985; Sokolow & Lyon 1949).

The most frequent physiological ECG changes in
this study were early repolarization, sinus bradycardia,
and isolated LVH. The ECG patterns observed in this
study were comparable to those reported by Wasse et al.
(2018). Using the ‘Seattle Criteria’, the latter found early
repolarization (n=362/69.7%), LVH (n=183/35.3%) and
sinus bradycardia (n=149/28.7%) were the most frequent
ECG changes. Higher rate of LVH reported by Wasse et
al. (2018) could be because the study only involved men
basketballers as compared to the current study which
involved athletes of various sports that include both
genders. Moreover, significantly higher LV mass was
reported among male athletes involved in dynamic sport
than women (Finocchiaro et al. 2017).

The current study also found physiological ECG
changes occurs significantly more frequent in men than
women. Our findings are consistent with that reported in
previous studies. Significantly higher frequency of training
related ECG changes including LVH, sinus bradycardia,
first degree heart block, incomplete RBB, and 1% degree
AV block were reported in elite men than women athletes
(Corici et al. 2018; Finocchiaro et al. 2017; Wasfy et al.
2014). These findings supported the notion of gender
related differences in physiological and electrical
remodelling of the heart induced by sustained physical
training. Although the exact underlying mechanism/s for
this observation is not yet understood, it is hypothesised
that variations in the level of circulating hormones
(oestrogen in women and testosterone in men) are the
key factors responsible for differences in cardiovascular
responses to training. Hence, the role gender specific
ECG criteria including relevant cut-off values need to be
evaluated in future research.

Significantly more athletes of Chinese ethnicity had
physiological ECG changes compared to other races. Higher
proportion of athletes of Chinese ethnicity demonstrated
sinus arrythmias, sinus bradycardia and LVH compared
to athletes of another ethnicity. Our findings were
consistent with that reported by Ng et al. (2011). In their
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analysis among 18,000 male conscripts undergoing pre-
participation screening for the Singapore Armed Forces,
higher prevalence of LVH was found among Chinese.
Recent study involving 144,346 young male conscripts
conducted by the Singapore Armed Forces. Sia etal. (2019)
reported conscripts of Chinese ethnicity demonstrated
significantly difference in several ECG characteristics
including PR interval, QRS duration and QTcB compared to
Malays and Indians. Significant difference in ECG patterns
between ethnicity was also reported by previous studies (Di
Paolo & Pelliccia 2007; Papadakis et al. 2012). Di Paolo
et al. (2012) reported significantly higher prevalence of
first-degree AV block, LVH, ST-segment elevation, inverted
T-waves and biphasic T waves among adolescent African
soccer players compared to Caucasians. Moreover,
convex (domed) shape ST-elevation was observed almost
exclusively among African players. Although all athletes
undergo similar process of training-related physiological
and structural cardiac adaptation, the concentric cardiac
remodelling is more prevalent among athletes of African
background compared to other ethnicity (Riding et al.
2019). Differences in the ECG pattern across various ethnic
background suggests genetic determinants of cardiac
adaptation when exposed to regular physical training
(Drezner et al. 2013a, 2013b; Ozo & Sharma 2020).

The prevalence of abnormal ECG among Malaysia
National Athletes was 4%. Our finding is comparable
to previous studies (Ma et al. 2007; Perrin et al. 2017).
In a study among 351 young athletes using standardised
ECG reporting criteria, Ma et al. (2007) reported ECG
abnormalities (distinctly abnormal & mildly abnormal)
prevalence of 4.5% among 13 to 33 years old athletes.
Slightly lower abnormal ECG prevalence of 2.8% was
reported among Swiss elite athletes (14 years and older)
using the Seattle ECG criteria. It should be noted that
nearly all athletes in the latter study were Caucasian
(99.7%, n=288) (Perrin et al. 2017). In a contrary,
higher prevalence of abnormal ECG (40%) was reported
among 1005 Italian athletes. Higher prevalence rate
observed by Pelliccia et al. (2007) could be attributed to
the difference in the criteria used to classify ECG patterns.
Moreover, majority (70%) of participants in their study
were males.

Several limitations require to be addressed in this
study. First, the study population included only elite
athletes attending the NSI Clinic. Hence, the findings
are not representative of the entire athletes in Malaysia
encompassing all participation levels (e.g. amateur and
semi-professional) and types of sports. Second, the nature
of a cross-sectional study does not allow evaluation of ECG
over time to ascertain how early ECG changes would occur.



3362

Third, all medical records reviewed did not include
echocardiography, cardiac magnetic resonance imaging,
genetic testing, and information on family screening.

CONCLUSION

The prevalence of abnormal ECG among Malaysian
athletes of 4% was comparable with previous studies.
Majority of Malaysia National Athletes had physiological
adaptation ECG changes. The 3 most common physiological
adaptation changes were early repolarization, sinus
bradycardia, and isolated left ventricular hypertrophy.
Physiological adaptation ECG changes was found to be
significantly for prevalent in male gender and particularly
of Chinese ethnic background. These information would
facilitate the development of a specific guideline in
interpreting ECG among Malaysian athletes.
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