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Abstract
Objective To undertake an ECG in high level athletes to
determine the morphology of the ECG and to assess the
influences on the ECG of the amount of time in a highperformance programme and the type of sport played.
Design Cross-sectional cohort study.
Setting High-performance sports programme.
Interventions Current symptoms (questionnaire) and
length of time in a high-performance sports programme
were recorded. Sports were classified as either high
maximal oxygen uptake continuous, high maximal
oxygen uptake repeated effort or static. An ECG was
performed and classified by 2010 European Society of
Cardiology guidelines into Groups 0 (normal), Group 1
(common and training-related ECG changes) and Group
2 (uncommon and training unrelated ECG changes).
Results The following were recorded: length of time in
high performance sport programme (mean 2.3 years),
type of sport (Continuous 103, Repeated effort 133,
Static 37), ECG changes Group 0 (n=83, 31%), Group
1 (n=173, 63%) and Group 2 (n=17, 6.2%). Athletes
with an increased length of time in a high performance
programme demonstrated a higher likelihood of Group
2 ECG changes when compared with Groups 0 and 1
(p=0.05). The questionnaire did not help detect athletes
with Group 2 ECG changes.
Conclusions This study demonstrates that an increased
length of time in a high performance programme was
associated with an increased number of detectable
Group 2 ECG changes. Overall, the further investigation
rate was 6.2%.

Introduction
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Sudden cardiac death (SCD) is the leading cause of
mortality for young athletes on the playing field.1
Since 1996, the American Heart Association has
recommended preparticipation evaluation of an
athlete to try and identify those that may have
structural and/or electrical heart abnormalities that
increase the risk for SCD during activity.2 In addition to a medical history and a physical examination, a 12-lead ECG is recommended as part of this
preparticipation evaluation.3 4 Athletic training will
cause the myocardium to undergo physiological
adaptation to exercise and these adaptations may
cause changes to the resting ECG.5 The challenge
in interpreting ECGs in the athletic population is
to determine if changes are due to physiological
adaptation or underlying cardiac pathology that
may lead to an increased risk of SCD such as cardiomyopathy.6
Athletes with abnormal ECGs undergo further
cardiac investigation but few are found to have a
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classification of uncommon and training
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measured by maximal oxygen uptake are taken
into account.
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active athletes needs to occur.

significant and serious underlying cardiac abnormality that would preclude them from participation
in sport.6 The original ECG studies had a further
investigation rate due to a detectable perceived
ECG abnormality in 15% of athletes.1 More recent
studies have demonstrated a significant reduction
in this follow-up rate as clinicians have considered that more of these detected ECG changes are
in actual fact normal adaptive changes seen in the
athletic population.7–9
While it is important that those at risk are identified, it is equally important that the tools used for
screening must be cost effective and specific enough
to avoid preventing otherwise normal athletes from
exercise and competition. In response to these
considerations, the European Society of Cardiology
(ESC) consensus statement was released in 2010
and categorised athlete ECG findings into Groups:
0 (normal ECG), 1 (common and training-related
ECG changes), 2 (uncommon and training unrelated
ECG changes), respectively.10 Athletes with Group
2 changes were recommended to have further
investigation to look for any possible structural and/
or electrical abnormality that may predispose the
athlete to SCD.10 At the time of undertaking this
study, the performance of the 2010 ESC criteria
had not yet been fully assessed but one retrospective
study of 508 American university athletes demonstrated a reduction of ECG abnormalities from 16%
using the 2005 ESC criteria to 9.6% using the ESC
2010 criteria.11
The aim of this study was to assess and categorise
the ECG findings in a group of young Australian
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Influence of type and duration of training on the
presence of an abnormal ECG in highperformance athletes
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Table 1 Classification of sports on the basis of physiological
demands and predominant energy system used based on playing and
training regimes
Type of sport

Sport (numbers in brackets)

Continuous (103)

Long distance athletics (2), Cycling (25), Kayaking (29),
Rowing (19), Swimming (15), Water Polo* (13)

Repeated effort (133)

Sprint athletics (4), Basketball (21), Beach Volleyball* (11),
BMX cycling (2), Football (soccer) (11), Field Hockey (22),
Netball (38), Volleyball* (24)

Static (37)

Baseball (10), Bowling (1), Diving (6), Equestrian (4),
Gymnastics (2), Judo (1), Shooting (6), Trampoline (6),
Weightlifting (1)

Method

Approval for this study was given by the Australian Institute
of Sport (AIS) ethics committee. Participation in the study was
voluntary and all athletes gave signed informed consent before
involvement in the study. All subjects were athletes in high-performance sports programmes as scholarship holders at the South
Australian Sports Institute (SASI). Thus, our study was cross-sectional in design with athletes having been in sports programmes
for differing amounts of time being studied. Sports were classified by their physiological profile taking into account the energy
system the sports most targeted in their training and playing
regimes. Three sport type classifications, based on the Mitchell
classification12 were made (1) performance occurring at a high
percentage of maximal oxygen uptake (VO2max) in a continuous nature (continuous), (2) performance occurring at a high
VO2max with repeated sprint and/or jumping efforts (repeated
effort) and (3) performance at a lower percentage of VO2max
(static). Athlete information obtained included: age, sex,
ethnicity, sport and length of time (measured in years) in a high
performance sport programme. Entrance athletes were classified
as being in a high-performance programme for less than 1 year.
All athletes then answered a 9 question cardiac questionnaire (online supplementary appendix 1). The answers were
categorised into: 0 (all questions answered no), 1 (one question answered yes) or greater than 1 (more than one question
answered yes).
The answers were further classified into possible cardiac symptoms or possible predisposition to abnormality by history. These
symptoms isolated by the questionnaire included dizziness and
chest pain with exercise, abnormal heart rate, palpitations, chest
tightness and coughing spells (those athletes who had asthma
were excluded to avoid confounding from these responses).
A 12 lead ECG was performed by a qualified heart technician. This ECG was then analysed by a sports physician and
three cardiologists (all blinded to the history) using the ESC
2010 guidelines. Athletes were then classified into three groups
according to their ECG: Group 0 (no abnormality), Group 1
(common and training-related ECG changes) and Group 2
(uncommon and training unrelated ECG changes). All athletes
with Group 2 changes had subsequent appropriate cardiac investigations including echocardiogram.
Athletes were then categorised and analysed based on: (1)
number of positive answers to the questions in the questionnaire
(0, 1 or greater than 1), (2) type of sport (Continuous, Repeated
effort or Static) and (3) ECG changes (Groups 0, 1 and 2).
A Kruskal-Wallis test was performed for comparing the three
ECG groups (Groups 0, 1 and 2) with adjustment for age and
based on ranked one-way analysis of covariance. For comparing
two groups (Groups 0 and 1), Mann-Whitney U test were
performed. A Pearson Χ test was used when comparing the three
ECG group changes with the three classified types of sports. To
adjust for age or length of time in programme for all of these
parameters, we used multinomial logistic regression.
2

(1) Continuous=performance occurs at a high percentage of maximal oxygen uptake with
predominately a continuous consistent effort. (2) Repeated effort=performance occurs
at a high percentage of maximal oxygen uptake with repeated sprinting and/or jumping
efforts and (3) Static=performance occurs at a lower percentage of maximal oxygen
uptake and generally of a static nature.
*Principally the sports were classified on the basis of the training regime implemented.
Thus, the author has confidence in the classification of water polo in predominately
continuous and volleyball (beach and indoor) in predominately repeated effort sports.

Results

A total of 273 athletes gave informed consent, answered questionnaires and had ECGs performed. Female athletes represented 48.7% of the cohort with 92% athletes identified as
Caucasian. The mean age was 18.9 years (median 18, IQR
14–36). The length of time spent in a high performance sport
programme was a mean of 2.3 years (median 2, IQR 1–12). The
number of entrance athletes (length of time in high performance
programme less than 1 year) was 128 (46.9%). The classification
of type of sports showed that 48.7% participated in repeated
effort sports, 37.7% in continuous and 13.6% in static (table 1).
In response to the questionnaire, 71.1% returned no positive answers to the cardiac questionnaire (n=194), 20.5% had
one positive answer (n=56) and 8.4% had two or more positive answers(n=23). Asthma was self-reported in 17.9% of the
athletes (n=49).
The number of athletes having a normal ECG (Group 0) was
31% (n=83) and included isolated Sinus arrhythmia (n=17).
Group 1 changes were seen in 63% (n=173). These changes
included bradycardia (n=98), sinus arrhythmia (n=61), atrioventricular block (n=29), ECG criteria for left ventricular hypertrophy (n=23), incomplete right bundle branch block (n=46)
and early repolarisation (n=34). Group 2 changes were seen in
6.2% of athletes (n=17). The most consistent finding in Group
2 was deep T wave inversion in the precordial leads, which was
seen isolated in 10 athletes. The Group 2 athletes with sport,
age, length of time in high performance programme and associated ECG findings are presented in table 2. Some of the more
common ECG findings are shown in online supplementary
figures 2–4. All Group 2 athletes had subsequent cardiac investigation. Echocardiograms in this group were normal with no
structural abnormality found. For patients with rhythm abnormalities, Holter monitors did not show pathological changes.
Analysis of the type of exercise and duration of training
demonstrated results given in table 3. An increased length of
time the athlete was in a high-performance programme, the
higher likelihood the athlete had Group 1 ECG changes when
compared with Group 0 (p=0.039). This finding is perhaps
expected as Group 1 changes are classical training-related findings as we considered the training more likely to induce heart
alterations classified as Group 1 (training related ECG changes)
than age. When considering multinominal logistic regression
after adjusting for age and ranked on one-way analysis of covariance, this finding was not significant (p=0.19).
Verrall G, et al. Heart Asia 2019;11:e011120. doi:10.1136/heartasia-2018-011120
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high-performance athletes with respect to the ESC 2010 guidelines for Groups 0, 1 and 2 to determine the relevant follow-up
rate for further investigation. A further aim of this study was to
see if the ESC group categories would remain robust when the
number of years in a high performance programme and type of
sport categorised on the basis of the physiological demand of the
sport are taken into account especially in relation to uncommon
and training unrelated ECG changes.
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ECG classification of abnormal Group 2 changes

Age Years Sex Sport

Junc
R
R
L
Tachy TWI BBB RVH LAE RAE axis axis

21

1

M

Trampoline 1

17

2

F

Netball

1

17

4

F

Basketball

1

17

4

M

Basketball

1

*

17

2

F

Netball

1

*

16

1

M

Volleyball

*

*

19

1

F

Hockey

1

*

16

1

F

Netball

1

*

*

33

5

M

Rowing

*

1

25

7

F

Rowing

1

23

5

M

Cycling

1

20

1

F

Rowing

1

15

1

M

Kayaking

1

22

2

F

Swim

20

2

M

Cycling

*

20

4

M

Kayaking

*

20

4

M

Cycling

1

1

*
1
1
1

*

1

Category

Group 0

Group 1

Group 2

All athletes, n=273

83 (31%)

173 (63%)

17 (6.2%)

Entrance level (128)

46

77

5 (3.9%)

>1 year in programme (145)

37

96

12 (8.3%)

High maximal uptake
(VO2max) sport (236)

64

156

16 (6.8%)

Static sport (37)

19

17

1 (2.7%)

High VO2max—continuous
(103)

20

76

9

High VO2max—repeated
effort (133)

44

80

7

Entrance and High VO2max
sport (106)

35

66

5

*

1
*

Table 3 ECG findings classified by 2010 ESC groups for all the
respective analysed groups

Years refer to number of years in high performance programme.
Trampoline classified as Static Sport, Netball/Basketball/Field Hockey/Volleyball as
Intermittent, Cycling/Kayaking/Rowing as Continuous.
*Refers to the person having these findings in addition, but each athlete classified to
interpreted principal finding.

An increased length of time the athlete was in a high-performance programme demonstrated that a higher likelihood the
athlete had Group 2 ECG changes when compared with Group
0 and 1 (p=0.046). However, when this was adjusted for age
and ranked on one-way analysis of covariance the finding was
not significant (p=0.16).
Continuous sports were less likely to have normal ECGs
and more likely to have common and training-related ECG
changes (n=96: Group 0, n=20; Group 1, n=76; p<0.01). A
repeated effort sport (n=124: Group 0, n=44; Group 1, n=80)
demonstrated there is 50% less likelihood to have common and
training-related ECG changes when compared with a continuous effort sport (RR=0.48). These differences remained after
adjusting for possible confounders such as age and length of time
in high performance programme (age, p=0.006, length of time
on programme, p=0.003).
Sports requiring high VO2max (continuous and repeated
effort sports) was more likely to be in Group 1 (the common
and training-related ECG change) than in Group 0 (RR 2.7,
p=0.01). This finding was not influenced greatly by age (RR
2.9) or length of time in high performance programme (RR 2.7).
Athletes in sports requiring high VO2max were 4.75 times more
likely to have Group 2 (uncommon and training unrelated) ECG
changes but this was not statistically significant (p=0.14). Age
(RR 5.0) and length of time in a high performance programme
(RR 4.7) did not alter this relative risk to any great extent.
With respect to the symptom questionnaire, a single yes to
any of the questions was not associated with any type of ECG
changes (Group 0, 1 or 2). However, answering yes to two or
more questions was associated with having a non-normal ECG
(both Group 1 and Group 2) and this was statistically significant (p=0.04). When considered by ECG groups, athletes with
symptoms were seen in Group 0 (n=16 of 83), Group 1 (n=34
of 173) and Group 2 (n=5 of 17) and this was not statistically
significant. The questionnaire did not help in detecting athletes
with unexpected and training unrelated ECG changes.
Verrall G, et al. Heart Asia 2019;11:e011120. doi:10.1136/heartasia-2018-011120

Entrance and Static sport (20)

9

10

0

>1 year in programme and
high VO2max sport (130)

29

90

11

>1 year in programme and
Static sport17

10

7

0

Entrance and High VO2max
sport—continuous (46)

12

32

2

Entrance and High VO2max— 24
repeated effort (62)

35

3

>1 year in programme
and high VO2max sport—
continuous (57)

8

44

5 (8.7%)

>1 year in programme and
high VO2max—repeated
effort (71)

20

45

6 (8.4%)

Continuous=performance occurs at a high percentage of maximal oxygen uptake with
predominately a continuous consistent effort, (2) Repeated effort=performance occurs
at a high percentage of maximal oxygen uptake with repeated sprinting and/or jumping
efforts and (3) Static=performance occurs at a lower percentage of maximal oxygen
uptake and generally of a static nature.

Discussion

The principal aim of this study of assessing and categorising the
ECG findings in a group of young Australian high-performance
athletes with respect to the ESC 2010 guidelines demonstrated
an incidence of abnormal and training unrelated (Group 2)
ECG changes of 6.2%. This is in line with previous studies of
predominately Caucasian populations.13 14 Athletes with a short
training time in high performance programme (<1 year) had
an abnormal ECG rate of 3.9% consistent with other studies of
this nature from other populations in the same age group.9 14
As these Group 2 ECG findings are considered to be training
unrelated, it would not be considered that more training, duration and intensity would result in a higher incidence of athletes
in this ECG change group. Following from this, the group with
the highest rate of abnormal ECGs (Group 2) occurred in 8.3%
of athletes where performance occurs at a high percentage of
maximal oxygen uptake and the athletes had been in a high
performance programme for greater than 1 year (n=12 of 145
athletes greater than 1 year high performance training compared
with n=5 of 128 entrance level athletes).
We demonstrate an association between an increased length
of time in a high-performance programme and the number of
athletes that had Group 2 ECG changes. With specific sport
3
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Table 2
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in identifying athletes that may have ECG abnormalities that
predispose to SCD.8 In our study at first glance, the questionnaire appeared like it may be useful with athletes that responded
with more positive answers had more ECG changes. However,
when actual cardiac symptoms were analysed separately, this was
not the case. Thus, our study also confirms the proposition that
a screening questionnaire is not a useful tool in detecting which
athletes will have abnormal ECG changes. We are unable to
make a comment about the utility of a questionnaire to facilitate
the risk stratification of SCD in this population. The asthma rate
of 17.9% is comparable to other studies of high-performance
athletes.17
By implementing a prospective cross-sectional study using the
ESC 2010 guidelines, it can be seen in our study that the number
of athletes with Group 2 changes (follow-up rate) increases with
(1) undertaking a sport where performance is at a high percentage
of maximal oxygen uptake and (2) an increased length of time
that the athlete is in a high-performance programme. Further
indirect evidence for this proposition is the study on high performance elite and international level athletes with 17.3% having
Group 2 changes.15 It is likely that some of the Group 2 ECG
changes in the 2010 ESC guidelines will be proven to be related
to athletic endeavours (training related).
There are several limitations of this study. Our study represents
a relatively small cohort of elite athletes and overall numbers
have meant that some of our findings are suggestive but not
adequately powered for a definitive result. In addition, the group
of athletes were predominately Australian Caucasian athletes and
thus the findings may not be applicable to other ethnic groups
including the Australian Indigenous and Polynesian populations
of the Australasian region. As the study is cross-sectional rather
than longitudinal, it is not possible to know whether the Group
2 ECG changes attributed to training (taking into account type
of sport and length of time in sport) is borne out over time.
A study of athletes with normal ECGs at entry to training and
repeated at the end of a training programme may further clarify
this.

Conclusion

This study demonstrated that the number of athletes with Group
2 changes (using 2010 ESC guidelines) was dependent on the
length of time in a high performance programme. High VO2max
sport participation was associated with Group 1 ECG changes
and had a high proportion of the type 2 ECG changes (15 out
of the 16 Group 2 changes) but this did not attain statistical
significance. Overall, the further investigation rate was 6.2%
consistent with other studies.
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