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Abstract
The health benefits of routine physical exercise are numerous and incontrovertible. But, is it as good as
it seems? We are continuing to accumulate evidence that long-term exposure to intense exercise may
increase the incidence of certain cardiovascular conditions. We should simultaneously be aware that
exercise, like all physiologic stimuli, probably behaves in a typical dose-response fashion in which an
individual can reach levels that do more harm than good. Recognizing the patient who exercises excessively may be challenging and requires careful attention to subjective symptomatic reports and temporal
exercise patterns. In clinical cardiovascular practice, lessons learned from the science of human performance including the need for dedicated rest and training periodicity may prove applicable to our
patients and may be the best defense against the toxicity of excessive exercise.
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T

he health benefits of routine physical exercise are numerous and incontrovertible. Virtually
all common cardiovascular disease processes including atherosclerosis [1], dyslipidemia
[2], and hypertension [3], respond favorably to routine aerobic exercise. As such, essentially
every professional medical organization involved in clinical practice oversight encourages physicians to prescribe exercise for primary prevention, risk factor modification, and treatment of
established disease. Guidelines delineating exercise recommendations are widely available
and exercise prescription should be considered a mandatory component of health maintenance and disease treatment for all patients [4,5].
While the cardiovascular medical community has spent a good deal of time developing
strategies to motivate the sedentary, there is a fascinating phenomenon evolving at the other
end of the exercise spectrum. A rapidly growing segment of the general population is engaging
in high levels of physical exercise that far exceed the volume and intensity that have been associated with disease prevention. Intense, high volume exercise training, historically the purview
of young, naturally endowed, elite competitors, is now being practiced by men and women of
all ages. Evidence of this trend can be found in numerous places with none more compelling
than participation rates among recreational sporting events like running road races. Records
from the United States indicate a veritable explosion in the number of individuals participating
in this activity [6]. There are several explanations for this increase in popularity including mounting awareness of the heath benefits of exercise, simple enjoyment of sport, pleasure derived
from the sense of belonging to sporting communities, and fulfillment of competitive and
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achievement-based drives. This exciting phenomenon
is refreshing and seems poised to offset the record
levels of obesity and cardiovascular disease that
are crippling the human race. But, is it as good as it
seems?
The growth of high-level recreational exercise has
been accompanied by emerging data suggesting
that exercise may lead to overuse cardiovascular
pathology [7,8]. This should not come as a surprise.
Exercise, like any physiologic stimulus, is not a binary
phenomenon and must be considered as a continuous variable. Quantification of exercise, though somewhat challenging in clinical and research settings, is of
paramount importance in the context of any discussion about its risks and benefits. The two basic parameters that define the exercise exposure or “dose,”
much like the strength and frequency with which we
prescribe medications, are intensity and volume.
These concepts are familiar to those who work in the
cardiac rehabilitation setting but are infrequently used
in the clinical assessment of athletic patients. Like all
physiologic and biological stimuli, exercise follows a
dose-response curve coupling increasing effects with
increasing exposure to a point of toxicity at which further increase may do more harm than good. In routine
clinical practice, we strive often fruitlessly to motivate
our patients to exercise enough to exceed the threshold level at which the benefits of exercise begin to
accrue. In contrast, the avid athlete may push exercise
to upper end of the curve at which point negative
results (i.e., toxicities) begin to develop.
The concept of exercise toxicity, most commonly
referred to as overuse injuries or overuse syndromes,
is well recognized. Examples include skeletal stress
fractures, chronic tendonopathies, and acquired
amenorrhea. The notion that the concept of overuse
injury can apply the cardiovascular system is only
now beginning to crystallize. Reports documenting
cardiac fatigue with biochemical evidence of mild cardiac damage following prolonged exercise continue to
accumulate [9–11]. While this concept remains incompletely understood, the bulk of available evidence suggests that the myocardium behaves like skeletal muscle in that it can fatigue if worked hard over an
extended period of time. Reductions in contractility
(systolic function) and lusitropy (diastolic function) of
both the right and left ventricle have been documented
following completion of marathon runs, long distance

Heart Metab. (2012) 56:20–23

cycling events, and triathlons [12,13,11]. Studies with
extended follow-up demonstrate normalization of
function within hours to days of event completion suggesting that the vast majority of the observed functional deterioration is transient and fully reversible.
But, the impact of repetitive bouts of exercise sufficient
to induce cardiac fatigue remains uncertain.
Cardiac adaptations to exercise are well documented and have a focus of scientific inquiry for more than
100 years [14]. The constellation of cardiac changes
attributable to endurance exercise training include
mild eccentric left ventricular (LV) hypertrophy with
concomitant right ventricular (RV) dilation, biatrial dilation, and enhanced diastolic function. In aggregate,
these findings contribute to stroke volume augmentation and thus increased substrate delivery to peripheral
tissue during exercise. This is one of several key adaptive mechanisms that contributes to supra-normal
exercise capacity in trained individuals. But can you
have too much of a good thing?
We previously conducted a study examining the
impact of high volume / high intensity training on left
ventricular mechanics, a term used to denote the process of tissue deformation, in a small cohort of competitive rowers [15]. Male collegiate athletes, all with
significant prior exercise exposure, were studied with
echocardiography before and after a 90-day period of
intense team based rowing training. In this setting we
saw increases in systolic fiber shortening in all regions
of the left ventricle in each of the three cardinal strain
vectors (radial, longitudinal, and circumferential) with
one notable exception. Specifically, we documented
relative functional decrements in systolic circumferential shortening. Though correlation analyses do not
establish causality, it was noteworthy that the magnitude of septal dysfunction correlated tightly with the
corollary increases in RV dilation. Thus, it appeared
that the RV dilation attributed to training was associated with a decrement in LV septal function. Although
explanations remain speculative, it seems plausible
that exercise-induced RV remodeling leads to functional deterioration, perhaps a form of fatigue, within
septal regions comprised of inter-digitating RV and
LV fibers.
Although the clinical relevance of this finding
remains unknown, several recent studies appear to
be of direct relevance. Within the last year, two independent publications have documented cardiac
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fibrosis in seasoned endurance athletes. Utilizing magnetic resonance imagine, Wilson and colleagues
observed septal “hinge-point” (i.e., region of interface
between the right and left ventricles) fibrosis in 4 of
12 veteran athletes (57±6 years of age, 43 ± 6 years
of training) and no evidence of scar among control
groups of younger athletes and sedentary age
matched people [7]. It is noteworthy that the presence
fibrosis was associated the number of years of prior
exercise training and the number of previously completed competitive endurance racing events. Subsequently, La Gerche et al used multi-modality imaging
(echocardiography and magnetic resonance imaging)
to examine biventricular structure, function, and fatiguability in accomplished endurance athletes (n = 39) [8].
In this study, small groups of athletes were studied
before and after long-distance events including marathon running, cycling, and triathlon. Post-event decrements in cardiac function, particularly of the right ventricle, suggested an element of cardiac fatigue.
However, the most notable finding of this study was
the presence of cardiac fibrosis in a small subset of
these accomplished athletes. Myocardial fibrosis, confined in each case to the interventricular septum, was
documented in 5 of these individuals and was associated with greater cumulative prior exercise exposure
and more RV dilation. In aggregate, these recent studies suggest that repetitive exercise-induced cardiac
fatigue may lead to fibrosis (permanent tissue damage)
in a subset of experienced athletes. It must be emphasized that these observational, cross-sectional data do
not establish causality and thus the above studies simply establish the fact that certain patterns of cardiac
fibrosis have been observed in small, research
cohorts. What do these findings mean and how do
they impact the clinical care of the endurance athlete?
It is well established that while routine physical exercise reduces the risk of cardiovascular disease, it is not
fully protective. This concept is most easily understood
when one considers the interplay between exercise and
atherosclerotic coronary artery disease. Numerous
studies have shown that exercise is an effective treatment for coronary disease and reduces associated
event rates. However, individuals with atherosclerosis
are more likely to suffer a coronary event during the
exercise that contributes to their longevity than during
periods of inactivity [16]. This simple but important paradox illustrates the point that while exercise is good for
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health, it is not completely protective. Our patients need
to understand this paradox and must not fall victim to
the belief that exercise, even very high levels of it, obviates the need for alternative risk factor reduction strategies. We may now also wish to acknowledge that there
can be too much of a good thing in that high amounts
exercise may actually increase the likelihood of certain
forms of heart disease.
Conclusion
We are continuing to accumulate evidence that longterm exposure to intense exercise may increase the
incidence of certain cardiovascular conditions. This
concept is increasingly recognized with respect to the
atrial tachyarrhythmias, most notably atrial fibrillation
which is a common and increasingly recognized problem among aging endurance athletes [17,18]. The
recent studies by Wilson and La Gerche suggest that
in addition, certain individuals may develop distinct patterns of cardiac fibrosis following years of endurance
exercise. Thus, we are now beginning to appreciate
that there may be a distinct form of cardiomyopathy
attributable to “excessive” exercise. What factors
dictate susceptibility to this condition and to what
extent a cardiomyopathy of excessive exercise impacts
morbidity and mortality remains completely speculative.
At the present time, studies defining cardiac damage in
athletes should be considered hypothesis generating
and should serve as rationale for future study. Specifically, we need carefully designed, longitudinal studies
of aging endurance athletes with serial phenotyping, physiologic provocation, careful observation
to exclude alternative explanations for non-coronary
disease related fibrosis (i.e., myocarditis), and attention
to clinically relevant end-points.
While we await this work, it seems prudent to rely on
the available data regarding the association between
longevity and physical fitness when we are asked the
question, “Should I train or not?” The links between living longer, living better, and physical fitness are clear
and thus we should encourage high levels of physical
exercise for our patients and our communities. It cannot
be overemphasized that net risk-benefit ratio strongly
favors a high-volume and intensity physically active lifestyle as there is incontrovertible evidence that longevity
increases with physical fitness and that aging athletes
appear to be less susceptible to disease than sedentary
counterparts [19–21]. We should simultaneously be

Heart Metab. (2012) 56:20–23

NEW

THERAPEUTIC APPROACHES

- AARON L. BAGGISH

aware that exercise, like all physiologic stimuli, probably
behaves in a typical dose-response fashion in which an
individual can reach levels that do more harm than
good. Recognizing the patient who exercises excessively may be challenging and requires careful attention
to subjective symptomatic reports and temporal exercise patterns. In clinical cardiovascular practice, lessons learned from the science of human performance
including the need for dedicated rest and training periodicity may prove applicable to our patients and may
be the best defense against the toxicity of excessive
exercise. ●
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