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Electrocardiographic abnormalities and cardiovascular
physiology in athletic overtraining

A King Jr, YSA Lo, MK Chin, JX Li, RCH So

The term overtraining syndrome describes the condition in which an athlete suffers from various com-
plications resulting from overtraining. These typically include overuse injuries, mood disturbances, and
blood chemistry changes. Although there is no gold-standard criterion for diagnosing this syndrome, the
best current indicators include prolonged fatigue, impaired athletic performance, and psychological
changes. This article aims to provide some insights into the physiology of overtraining, with emphasis on
its cardiovascular consequences. Impaired cardiac function may occur after prolonged exercise, and is
documented by depressed left ventricular function and decreased maximum oxygen consumption.
Electrocardiographic abnormalities which may be seen in overtraining are T wave inversions, ST seg-
ment depressions, and various arrhythmias. Well-conditioned athletes may also manifest the same ab-
normalities as a result of physiological cardiac hypertrophy. Electrocardiography and two-dimensional
echocardiography should form an integral part of the screening performed by any sports medicine de-

partment overseeing the training of athletes.

HKMJ 1995:1:155-160

Key words: Electrocardiography; ECG; Athletic injuries; Sports; Cardiovascular system physiology

Introduction

The quest for gold medals and record-breaking feats
in sport is the abjective of most, if not all, of today’s
athletes, coaches, and sports institutions. This drive to
further improve performance has made training much
more vigorous and taxing. A relatively new, challeng-
ing, and bewildering condition has emerged—the prob-
lem of overtraining. The term overtraining syndrome
describes the situation when an athlete suffers from
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various training complications, such as overuse inju-
ries, mood disturbances, and blood chemistry changes.'
This syndrome is not only responsible for athletes’
failures and poor performances, but also represents a
real health problem for the athlete. As competitive sport
now forms an integral part of Hong Kong life. this
article aims to provide some insights into the cardio-
vascular physiology which results from overtraining.

Incidence of overtraining

As there is no accepted gold standard for the diagno-
sis of this syndrome, the true incidence of overtraining
is difficult to ascertain.? One study reported incidences
of 10% in college swimmers training for up to 14 km
daily and 60% in elite distance runners.* Some aspects
of the cardiovascular system are commonly used to
diagnose and monitor overtraining. The monitoring of
morning heart rate, recovery heart rate, and resting
blood pressure has been advocated.**® Currently, the
best indicators of overtraining appear to be prolonged
fatigue of at least one week’s duration, decrements in
performance, and changes in psychological factors.™
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Various symptoms and laboratory tests have been used
to document or monitor overtraining. However, it has
been suggested that close and continuous observation
of athletes by coaches is sufficient, rather than any
specific scientific tests.”

Cardiovascular alterations due to
overtraining

As early as 1959, electrocardiographic (ECG) changes
had been noted in swimmers after strenuous exercise.’
Other authors have documented ECG abnormalities
due to overtraining.* However, some have argued
against the use of ECG changes as markers for
overtraining, as vagal tone and cardiac hypertrophy in
athletes may produce similar ECG findings.”

Documented ECG changes in overtrained athletes
include T wave changes, ST segment changes, P-R
and Q-T time interval changes, and arrhythmias.
Various authors have reported enlarged T waves in
overtrained athletes.®'""" Alow T wave amplitude has
been observed in track athletes and was associated with
overtraining or overtiredness.'? Depressed or inverted
T waves have been documented in the West and also
in Chinese athletes suffering from frequent upper res-
piratory tract infections and injuries.”™*'* At the Mexico
Olympics, T wave changes with ST segment depres-
sion—similar to that seen in coronary heart disease—
were reported in athletes training at high altitude who
complained of angina.'” The same changes have also
been reported to be associated with overtraining by
other authors."

One study found a slightly higher incidence of pre-
mature atrial contractions (PACs) in 60 endurance-
trained athletes, compared with non-athletes. 't Twenty-
four-hour ECG monitoring found 100% of a group of
runners to have PACs, compared with only 51% in the
control group.'” In addition, 25% of runners were found
to have atrial couplets (two successive PACs) com-
pared with none in the control group. A Thai study
noted changes such as prolonged Q-T interval, first
degree AV block, and inverted T waves in 133 of 451
Thai half-marathon runners after a 21.1 km race.’®

Biochemical alterations

The exact mechanism of ECG changes in overtraining
is probably multifactorial. It is important to understand
that an ECG is a recording of electrical activity, which
is mainly affected by ions, both positively and nega-
tively charged [e.g. potassium (K*), hydrogen (H"),
magnesium (Mg*™)]. A number of factors in the
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overtrained athlete may alter ionic activity and give
rise to ECG changes. These include nutritional status
and hydration, electrolyte balance [e.g. sodium (Na*),
K*, Mg*, calcium (Ca™)], neurogenic or autonomic
stimulation (sympathetic system), myocardial blood
flow (ischaemia), hypoxia (decreased 0, delivery to
the myocardium despite adequate blood flow), pH, and
structural changes in the heart, such as hypertrophy of
the left ventricle.

A number of overtraining studies have documented
weight loss.*' Some authors have suggested that the
loss is caused by chronic dehydration rather than true
body composition changes.” This would explain the
increase in morning heart rates and decreased fluid
volume seen.”' With decreased intravascular volume,
there is a concomitant reduction in cardiac filling and
output. This may explain the reduction in peak oxy-
gen consumption (VQ,) seen in overtraining.! Dehy-
dration may cause orthostatic hypotension—whether
relative coronary hypoperfusion occurs as a result re-
mains to be elucidated. In addition, dehydration is
usually accompanied by electrolyte disturbances. Sub-
normal levels of K* and Mg** have been reported.”>2
Hypokalaemia is known to flatten T waves.

Heightened sympathetic tone

Most overtrained athletes present with signs and symp-
toms of increased sympathetic activity. Overtrained
athletes have been shown to be anaemic and iron defi-
cient, and various authors have documented low se-
rum ferritin levels in association with overtraining. 22
One study found 22.4% and 39.5% incidences of iron
deficiency anaemia in adult and young Chinese ath-
letes, respectively.” Both dehydration and anaemia
may trigger increased sympathetic stimulation as a
compensatory mechanism to improve myocardial per-
formance. There are other causes of increased sympa-
thetic tone in overtraining, such as trauma and inju-
ries. A major sign and symptom of overtraining is the
development of depressive moods. These are associ-
ated with increased basal concentrations of plasma
norepinephrine and epinephrine in relation to the de-
gree of anxiety.?® Other studies have shown that
epinephrine may cause a decreased T wave amplitude
and that larger doses may cause ST depression.?” Peo-
ple with increased sympathetic drive often have T wave
inversions and ST depression (Reynold’s syndrome).?
The endogenous release of epinephrine has also been
shown to cause premature ventricular contractions,
ventricular tachycardia, and fibrillation.® This is par-
ticularly relevant for individuals with susceptible
hearts. An increase in blood pressure as a result of sym-



pathetic stimulation has also been shown to be a sen-
sitising factor for epinephrine-induced arrhythmias.®
It has been suggested that increased training loads may
lead to increased resting and exercise blood pressure
levels, sensitising the myocardium to epinephrine, and
may be responsible for the arrhythmias seen in
overtraining.

Muscular acidosis

The effects of exhaustive exercise include acidosis in
sketetal muscle and blood, and are well documented.’!
It is also known that coronary artery occlusion and
other causes of ischaemia may produce myocardial
acidosis.” However, there is scant information on the
effects of exhaustive exercise on myocardial intra-
cellular pH in normal subjects. Nevertheless, the po-
tential for exercise-induced acidosis exists and may
be compounded by any physiological or pathological
factors capable of compromising blood flow.*
Perfusion experiments on animals have shown that
acidosis increases T wave amplitude, whereas alkalosis
causes a reduction or inversion of the T wave.® It is
well established that chronic hyperventilation with re-
sultant hypokalaemic alkalosis is characterised by to-
tal body potassium depletion, and is a very potent cause
of ST-T wave changes and arrhythmias.*

Myocardial dysfunction

An important question is whether the ECG changes
seen in overtraining are markers of organic and struc-
tural changes brought about by overworking the heart.
Are these changes warnings of actual myocardial dam-
age? An instance of heart attack has been reported
during altitude training in an athlete with a previously
normal coronary angiogram.’® A similar instance in a
20-year-old national class swimmer occurred during a
period of overtraining.*” Others have noted that creatine
phosphokinase-MB subunits may be elevated in
asymptomatic long distance runners.* Myocardial dam-
age has been detected by echocardiography and
myocardial scintigram in athletes with ECG
repolarisation changes.* These findings raise the ques-
tion as to whether exhaustive exercise and overtraining
can produce transient myocardial ischaemia, causing
alterations in cardiac structure and function.” Studies
in race horses suggest that myocardial function may
be limited by maximal blood flow during periods of
extreme exercise.” During such exercise, coronary
flow may also be limited by a-adrenergic—mediated
coronary vasoconstriction. Two studies conducted in
dogs have shown that oi-adrenergic constriction might
limit maximum oxygen delivery to the myocardium

Athletic overtraining

during extreme exercise.*'* A similar response has
been found in patients with coronary disease, although
not in normal subjects.*} Currently, there is no evidence
that athletic performance in ndrmal humans is limited
by maximal blood flow in the coronary circulation.

Many authors have documented impaired cardiac
function following prolonged exhaustive exercise. ¥
The subjects were all marathon runners tested after an
exhaustive run. Two runners presented with signs and
symptoms of congestive heart failure. One study found
decreased cardiac stroke volume in a 24-year-old man
who had run across the United States.** Significantly
reduced stroke volumes and ejection phase indices of
left ventricular global function were found in 13 ex-
perienced marathon runners following a competitive
24-hour run.* It was concluded that strenuous physi-
cal exertion can actually impair myocardial perform-
ance. Likewise, a transient (24- to 48-hour) mild de-
pression of left ventricular function in ultra-marathon
runners has been observed.*® Others have observed an
increase in end-diastolic volume and increased dura-
tion of mechanical systole at exhaustion, produced by
pralonged exercise in young men, indicative of possi-
ble transient left ventricular dysfunction.*” It has been
suggested that the increase in morning heart rates ob-
served in long distance runners on consecutive days
of a 500 km run was secondary to cardiac fatigue.* It
is also possible that decreased cardiac output second-
ary to lowered myocardial performance may explain
the findings of decreased peak VO, reported in
overtrained athletes.*® It is possible that these findings
were simply a result of decreased cardiac filling due
to dehydration and not a decrease in myocardial con-
tractile performance.*

Animal studies which document reduction of
myocardial performance after being overworked have
been conducted. Depressed intrinsic contractile func-
tioning has been demonstrated in isolated trabecular
muscles taken from the left ventricle of rats which had
been run to exhaustion on a treadmill.*® Depressed
length-tension and force-velocity functions were ob-
served. This study also documented that the inotropic
response to exogenous norepinephrine was lower in
the hearts of exhausted rats. Exhaustive swimming
exercises in rats produce a significant reduction in the
Ca** transport capacity of the sarcoplasmic reticulum
and mitochondrial membrane system, providing a pos-
sible explanation for the contractile dysfunction seen
after exhaustive exercise.” ‘

Acidosis has long been known to decrease myo-
cardial performance. Myocardium, in contrast to skel-
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etal muscle, has a much greater sensitivity to agents
which reduce sarcolemmal Ca** influx, including lac-
tate formed in acidosis.*? Although lactate studies in
overtrained athletes show diminishing values (prob-
ably as a result of glycogen depletion), no definitive
pH studies have been done on the human heart under
conditions of overtraining or following exhaustive
exercise. Regardless, the acidosis present in coronary
artery occlusion cannot be explained by any increase
in tissue lactate concentration. Over 40 organic acids
are readily detectable in rat myocardium.® Virtually
every one of these acids increases in concentration
within four minutes of an ischaemic state. The sim-
plistic view that acidosis is due solely to lactate pro-
duction in the myocardium (or other tissues) should
be discarded.®

Competition occurs between H* ions and Ca** for
troponin binding sites, and an increase in H* within a
physiological range serves to reduce Ca** binding to
calmodulin. ™3 Conversely, alkalosis is known to in-
crease muscie contractility. A reduction in the rate of
sarcoplasmic reticulum Ca**uptake and impairment of
calcium-induced cardiac relaxation by acidosis may
be the mechanism by which acidosis has a negative
effect on muscle contractility.* It has been shown that
increasing H* ion concentrations serve to substantially
increase the Ca** requirement for myofilament activa-
tion.”*** The non-invasive measurement of intracellular
pH is a critical area of research and perhaps through
the use of newer technology, a clearer understanding
of possible exercise-induced reduction in pH in car-
diac muscle in humans will emerge.™

Discussion

The data presented show that there are deleterious ef-
fects of exhaustive exercise and overtraining on the
human heart. Although most of the data presented are
based on effects following exhaustive exercise and not
necessarily those of overtraining, there is a strong like-
lihood that the same situation occurs with both condi-
tions.

There remain many uncertainties and unanswered
questions on the effects of overtraining on the heart. A
compounding problem is the fact that well-conditioned
athletes may also display the same ECG abnormali-
ties because of physiological cardiac hypertrophy.
Furthermore, an ECG may be normal in an overtrained
athlete.

Notwithstanding the uncertainties associated with
ECG technology, all athletes should probably have
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baseline ECGs performed before commencing inten-
sive training, as well as during peak training periods.
Whenever an abnormal ECG is obtained in potentially
overtrained athletes, clinical correlation should be ob-
tained. The exercise physiologist can present other
laboratory data or markers of overtraining, while the
coach can provide actual observations of an athlete’s
performance, training intensity, and behaviour to give
a more accurate diagnosis.

A two-dimensional (2D) echocardiogram would
also be helpful to document physiological hypertro-
phy and/or reduced cardiac contractile performance, a
possible sign of overtraining. A simple 2D echocardio-
graph ts relatively inexpensive and should form an in-
tegral part of any sports medicine department over-
seeing the training of athletes. This diagnostic tool may
also help screen athletes for hypertrophic and dilated
cardiomyopathy, both being conditions which predis-
pose to sudden death. Electrocardiographic exercise
stress-testing may be performed in selected individu-
als, especially in older overtrained athletes who have
other risk factors for coronary heart disease. It is known
that the two cardiomyopathy conditions may be missed
completely, despite a good physical examination and
12-lead ECG. In this way, we may make better judge-
ments and decisions concerning the safety and wel-
fare of athletes and also establish a better database for
use in future research projects.
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