To summate present
knowledge in early 2014,
studies support a potential
increased risk of coronary
artery disease, myocardial
fibrosis, and sudden
cardiac death in those with
considerable experience as
marathoners (25 or more
races completed).
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EDITORIAL OVERVIEW .

Coronary Artery Plague and Cardiotoxicity
as a Result of Extreme Endurance Exercise

by Peter A. McCullough, MD, MPH & Carl J. Lavie, MD

Fallible Logic: ‘Some Exercise
is Good, More Must Be Better’

Aerobic exercise and fitness has
been generally viewed in a positive
light among the lay public and
health care providers for decades.!
The impressive and consistent
reductions in cardiovascular (CV)
mortality among those fit compared
to sedentary individuals has lead to
many conclusions which now appear
to be challenged with recent studies.?
The previous chain of logic was that
if CV morbidity and mortality is
reduced among those with higher
physical activity (PA) and exercise
training (ET) and who are more
fit (See Table 1),® then there must
be a reduction in atherosclerosis
in terms of presence or absence or
potentially a reduction in the general
plaque burden. Furthermore, if some
exercise is good, then more should be
better. Thus, marathoners, among all
recreational athletes, should be most
free of atherosclerosis. The report
by Schwartz and colleagues4 in this
issue of Missouri Medicine is a sobering
reminder that all forms of deduction
or chains of logic in clinical medicine
should be challenged with scientific
investigation.

Among those with considerable
experience as marathoners (25 or
more races completed), the cases
in this study undoubtedly had many

years of endurance training and

cumulatively logged distances traveled
that could be 100-fold greater

than average sedentary individuals.
Thus, the summative physiological
environment of the marathoners

was no doubt extremely different

than the control group of sedentary
individuals. ~As the authors pointed
out, exercise is a transient oxidative
stress on the systemic vasculature,
creates greater shear stress in the
coronary arteries, and is associated
with a variety of additional adverse
effects which are short-term, provided
the aerobic activity is brief. 4 The
important point is that marathoners
have sustained increases in aerobic
activity and cardiac demand for hours
at a time. Therefore, the biologic
plausibility for these factors to
promote atherosclerosis is tenable,
despite improved risk factor profiles,
and this thread of concern has been
evident in the literature for several
decades.’ It is important that CV risk
factors were developed as associated
variables for binary events of nonfatal
myocardial infarction (MI) or CV
death, not for the presence or absence
of atherosclerosis.® Thus, despite

the healthier CV risk profiles on the
surface, the burden of atherosclerosis
and potentially worrisome noncalcified
plaques which could be more
susceptible to rupture and result in MI
is a reality that must be understood
among adult marathoners and their

physicians. 7
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Table 1
Potential Benefits of Physical Activity
and Exercise Training

Improvements in Exercise Capacity
. Maximal Oxygen Consumption (Peak VO2)
o Estimated METs

Improvements in Lipids
Total cholesterol

HDL-C

LDL-C

Triglycerides

Total cholesterol/HDL-C
LDL-C/HDL-C

Reduction in Obesity Indices
. Weight

. Percentage Body fat

. Body Mass index

Improvements in Blood Rheology
. Reduction in Homocysteine Levels
. Improvement in Viscosity

Improvement in Psychosocial Factors
. Depression Score

. Anxiety Score

. Hostility Score

Major Morbidity and Mortality

. Reduction in Overall Mortality

. Reduction in Hospital Costs

. Reduction in Non-Fatal Myocardial Infarction

Sudden Cardiac Death

Besides potential detrimental changes in the coronary
arteries, there are several other forms of cardiotoxicity
associated with marathon running or extreme endurance
exercise (EEE).” *'” Perhaps the most serious is sudden
cardiac death (SCD). Although episodes of SCD often
generate considerable publicity in major running road races
or other long distance endurance events, SCD remains
relatively uncommon.

A recent study reviewed all marathons and half-
marathons in the United States from 2000 - 2010 (10.9
million runners; 59 cardiac arrests) and reported that SCD
occurred in only 0.54/100,000 participants.'' Although
other studies suggest that the true occurrence may be two-
to four-fold higher than this,'>"* due to the fact that the
Kim et al.'"" data may be contaminated by large numbers of
half marathoners and only accounts for SCD during the race
itself and not soon afterwards, still the fatality in marathons
is relatively uncommon, but still “too high.” The fatality
rate of triathlons is approximately two-fold higher than
that of marathons, but largely because of increased CV
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events and SCD during the swim portion of the race."* The
high catecholamine state of competition superimposed

on forms of either preexisting training-induced structural
myocardial abnormalities is the most tractable explanation
for cases of SCD after common causes such as hypertrophic
cardiomyopathy, coronary artery disease, anomalous
coronary arteries, channelopathies, and other etiologies are

excluded.

Adverse Effects of Cardiac Structure
and Function

Besides potential adverse effects on CAD discussed
above, EEE has potential adverse effects on cardiac
structure and function (See Figures 1 and 2).>*" In fact,
animal studies have suggested considerable potential
cardiotoxicity of EEE."'® In one recent study, rats were
trained to run strenuously for 60 consecutive minutes
daily for 16 weeks.'* Compared with control rats, the
exercise rats developed left ventricular (LV) hypertrophy,
right ventricular (RV) hypertrophy, diastolic dysfunction,
and dilation of both atria, as well as collagen deposition
in the cardiac chambers. Ventricular tachyarrhythmias
were inducible in 42% of the running rats compared with
only 6% of the controls (p=0.05). After de-training, the
adverse changes and elevated electrical irritability largely
reversed.'®

Similarly, adverse structural remodeling following EEE
has been noted in humans.”*"” For example, following
a marathon, studies have demonstrated that almost 30%
of runners develop acute dilation of cardiac structures,
especially the RV and right atrium, and dysfunction of
both the LV (at least in the ventricular septum) and,
especially, the RV>*1%""* Serologic markers of cardiac
damage, including cardiac troponin and creatinine kinase
myocardial band, two enzymes released in acute MI and
used to diagnose MI, and B-type natriuretic peptide
(or BNP), which is used to monitor patients for heart
failure, are elevated in close to 30% and up to 50% of
participants during a marathon.>*'*'"!*** Although these
abnormalities typically reverse within days of an acute
bout of EEE, concern has been expressed that repeated
episodes may lead to myocardial cell damage at sites of
myocyte slippage of one cell above another due to loss of
integrity of desmosome connections, and chronic multiple
injuries may lead to stimulation of resident fibroblasts
to produce extracellular collagen resulting in patches of
fibrosis, the substrate for anisotropy and lethal arrhythmias.
The predisposing genetic substrate, dose, and duration of

endurance training and competition are all unknown, but



based on the totality of evidence, we
believe that high levels of EEE may

predispose some individuals to long-
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Figure 1

Potential impact of repeated bouts of ultra-endurance exercise on right
ventricular structure and function. Reproduced from Patil et al. *°

term cardiotoxicity resulting in more
extensive coronary atherosclerosis

and calcification as well as myocardial

fibrosis.?

Proarrhythmic Environment
of Training
and Competition

It appears that in some athletes,
the adverse cardiac remodeling
induced by EEE can create an

arrhythmogenic substrate, some

of which may increase the risk of
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dangerous ventricular arrhythmias

and SCD.>*!%1%2* At times, malignant
ventricular arrhythmias can develop

in competitive athletes, similar to

that present in patients with familial
arrhythmogenic RV dysplasia, possibly
due to sustained volume overload of the
right sided cardiac chambers for several
hours. ** This in combination with high

levels of catecholamines may alter the

arrhythmogenic potential in some patients.

In addition, it has been reported that
heavy endurance exercise, including EEE,
increases the rate of atrial fibrillation

by as much as five-fold, presumably

due to similar mechanisms of periodic
and sustained volume overloading of

the left atrium resulting in fibrosis and

electromechanical remodeling. *¢*

Current Recommendations
Clearly, the United States and most

Figure 2

Proposed pathogenesis of endurance athlete’s cardiomyopathy.
RA=Right atrium, RV= Right ventricle, LV= Left ventricle, SCD= Sudden
Cardiac Death. Reproduced from Patil et al. *°

Strenuous Exercise
(e.g. Marathon}
'fCathechoIamlne
»roz Demand
A4 Preload and Afterload
ATroponin, PNCK-MB, PENP

Acute Effects
Training
LV Dilatation Alaht Host R
LV Hypertr igl ea rain
,:L?M :sfhy RA/RV Dilatation
RV Hypokinesis
Diastolic Dysfunction
Chronic Effects
A Cardiac Chamber Sizes
APatchy Areas of Fibrosis S
A Atrial Arrhythmias Cardiac Fibrosis
AVentricular Arrhythmias

Ancidence of SCD

of the Westernized World are currently

plagued by lack of physical activity and
exercise training. ** Certainly, lack of physical activity and
exercise training are much greater problems for our society
than is the potential adverse effects of excessive endurance
exercise. We must recognize that most participants in
excessive endurance exercise, including marathon runners,
are not doing this activity for health reasons alone, but

are driven by the thrill of competition, fellowship, and

the attainment of personal goals. In a similar vein, people

jump from planes and mountains, race cars and boats,

and participate in many other sports or recreational
activities, without the primary purpose being health
improvement. We should stress that the benefits of PA
and ET seem to occur and be maximized after the first
40-60 minutes, > *'*** and more prolonged ET, such as
EEE in marathon runners and triathletes, improves athletic
performance and burns calories, but does not typically
promote additional health benefits and as we have pointed
out, may cause harm including greater risk of CAD as
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reported by Schwartz and colleagues, * and cardiac fibrosis
and SCD as published by others. >*'* Simply stated, the

platform of “more is better” for aerobic exercise training
recommendations is not supportable at this time.

Future research will need to take this work a step
further to really understand the relative stability or
instability of atherosclerosis among various patient
populations. It is possible that the original chain of
logic is still somewhat intact; that is, marathoners may
have relative freedom from myocardial infarct, not
because they are free of atherosclerosis, but because
atherosclerosis that forms in those who exercise regularly
is in some way “protected” against instability and
MI In addition to better phenotypic characterization,
the future holds the promise for genetic susceptibility
testing to understand individual profiles that are very
favorable towards endurance training and those that

potentially indicate harm to both the coronaries and the

myocardium with this form of exercise and Competition.30

To summate present knowledge in early 2014, studies
support a potential increased risk of coronary artery

disease, myocardial fibrosis, and sudden cardiac death in

marathoners: »% §-10:31-33
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