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EDITORIAL COMMENT
Exercise-Induced Troponin Elevation
and Coronary Atherosclerosis
Have We Crossed the Finish Line?
Cian P. McCarthy, MB, BCH, BAO, SM,a,b Meagan M. Wasfy, MD, MPHa
A ttainment of guideline-recommended levels
of physical activity (PA) is associated with
improvements in long-term cardiovascular

health and longevity. However, the acute stress of ex-
ercise can rarely precipitate sudden cardiac events.
Among middle-aged and older adults, these events
are most commonly attributed to coronary artery dis-
ease (CAD). Paradoxically, male athletes who consis-
tently exceed guideline-recommended levels of PA
develop more extensive CAD than individuals who
are modestly active.1 This observation both under-
scores the importance of risk stratification in highly
active populations and raises the question of whether
there is an extreme dose of PA that confers more harm
than benefit. Unfortunately, existing tools do not
adequately identify the small number of individuals
at highest risk for exercise-associated cardiac events.
In this issue of JACC, Janssen et al2 address whether
postexercise elevation of cardiac troponin (cTn) re-
lates to CAD prevalence in the TREAT (cardiac
TRoponin concentrations following Exercise and the
Association with cardiovascular ouTcomes) study.
SEE PAGE 2370
To place these results in context, almost a half cen-
tury ago, elevations in creatine kinase-MB (CK-MB)
were observed among endurance athletes after
exercise. While typically indicative of irreversible
cardiomyocyte injury (ie, necrosis), muscle biopsy
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samples from marathon runners suggested skeletal
muscle is a significant source of postexercise CK-MB.3

However, similar elevation was subsequently
observed with increasingly specific cTn assays. Due
to their higher sensitivity and precision, these
assays, particularly when measured using high-
sensitivity cTn (hs-cTn), are more likely to detect
both irreversible cardiomyocyte injury (eg, necrosis)
and reversible forms of myocardial injury. Favoring
the latter non-necrotic, potentially more benign
mechanisms, postexercise cTn elevations are very
common, occurring in more than one-half of
endurance athletes.4 However, this notion of
benignity has been challenged by recent data
demonstrating an association between elevated
postexercise cTn and subsequent cardiovascular
disease (CVD) events.5 Accordingly, a better
understanding of the mechanisms of exercise-
induced cTn elevation may inform both opportunities
to mitigate CVD risk and interpretation of these
values in clinical practice.
“.postexercise cTn elevations
are very common, occurring
in more than one-half of
endurance athletes.”
Janssen et al2 address this gap by evaluating
whether the prevalence of subclinical CAD differed in
2 groups with the highest and lowest concentrations
of postexercise hs-cTn, selected from a larger cohort
in the TREAT study. The TREAT study prospectively
enrolled middle-aged recreational athletes partaking
in walking ($30 km), cycling ($100 km), or running
($15 km) events. Pre-exercise and postexercise hs-
cTn measurements were obtained using 2 different
assays (Roche hs-cTnT and Abbott hs-cTnI). From all
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participants, 10% (two-thirds with the highest hs-cTn
concentrations: “high responders”; one-third with
the lowest hs-cTn concentrations: “low responders”)
underwent coronary computed tomography angiog-
raphy (CCTA). The prevalence and amount of CAD
were compared between these 2 groups, which were
matched by age, sex, sport type, and exercise
distance.

The investigators report several important find-
ings. First, among the larger cohort (n ¼ 1,011 partic-
ipants), postexercise elevation in hs-cTn was
common but more frequent with hs-cTnT (51%) than
hs-cTnI (15.9%).2 These results help to define ex-
pected hs-cTn levels after similar exercise efforts.
Second, in the smaller cohorts who underwent CCTA,
the investigators found no significant difference in
the prevalence of CAD (67.6% vs 50.0%; P ¼ 0.18),
obstructive CAD (11.8% vs 8.8%; P ¼ 0.75), and he-
modynamically significant stenosis by computed
tomography-fractional flow reserve (11.8% vs. 5.9%;
P ¼ 0.88) in high vs low hs-cTn responders.2 Because
these 2 cohorts were well matched for other potential
contributors, this result suggests that obstructive
CAD is not the predominant driver of postexercise hs-
cTn elevation. Conversely, lower postexericse hs-cTn
was not adequately reassuring because a sizable
proportion of low responders had obstructive CAD
(9%).

Does this result exclude CAD as a contributor to
postexercise hs-cTn elevation? Not completely,
because without a formal sample size calculation, the
study was not adequately powered for all CCTA
endpoints. Notably, high responders had a numeri-
cally higher prevalence of CAD than low responders.
Indeed, when the authors shifted from comparing
between high and low responder groups to evaluating
cTn on a continuum, they found that pre-exercise to
postexercise change in hs-cTnT and hs-cTnI still
correlated with Coronary Artery Disease-Reporting
and Data System (CAD-RADs) classification:
R2 ¼ 0.042 (P ¼ 0.046) and R2 ¼ 0.058 (P ¼ 0.022),
respectively.2 While these results could be viewed as
contrasting with the group-based comparison, the
small amount of variance in exercise-induced cTn
elevation ascribable to epicardial CAD (4%-8%) af-
firms that the vast majority of postexercise cTn rise is
related to other factors.

These results in athletes complement those from a
prior analysis of a very different cohort. In the
ORBITA (Objective Randomised Blinded Investigation
with optimal medical Therapy of Angioplasty in sta-
ble angina) trial published in JACC,6 investigators
observed no association between baseline exercise-
induced hs-cTnI increment and ischemia or stenosis
severity. Furthermore, despite effective percuta-
neous coronary intervention, no change in exercise-
induced hs-cTnI increment was observed from
pretreatment to posttreatment. In both the TREAT
and ORBITA cohorts, more data are needed to deter-
mine alternate mechanisms other than epicardial CAD
to explain hs-cTn elevation.

If CAD and ischemia are not the predominant de-
terminants of exercise-induced cTn elevation, what
is? As mentioned above, cTn may be released by both
irreversible and reversible mechanisms. The most
notable mechanism of irreversible injury, myocardial
necrosis, occurs when prolonged ischemia leads to
cell death and release of intracellular proteins
including cTn. Apoptosis (programmed cell death)
results in briefer and smaller quantities of cTn release
in response to short episodes of ischemia and
increased myocardial stretch or strain.7 Additional
mechanisms of reversible cTn release include
increased cell permeability and extracellular vesicle
release.7

The current results by Janssen et al2 align with
prior histologic and imaging studies that suggest
postexercise cTn elevation reflects processes other
than cardiomyocyte necrosis.4,8 Prolonged endurance
exercise can result in a transient cardiac dysfunction
evident on imaging,4 and in animal studies this has
been associated with cardiomyocyte apoptosis.9 Ele-
vations in cTn postexercise also correlate with a
transient increase in myocardial tissue water diffu-
sivity suggestive of an increase in cell permeability
and increased cellular leakage of cTn.10 Beyond car-
diomyocyte release, exercise also perturbs noncar-
diac organ systems. Despite improved specificity of
assays over time, postexercise cTn elevations may
occur due to skeletal muscle injury and cross-
reactivity of cardiac and skeletal muscle cTn.
Increased cTn may also result from exercise-induced
reductions in renal perfusion and cTn clearance.7

Both cross-reactivity of assays and cTn elevation
related to reduced renal clearance have been
observed more frequently with hs-cTnT than hs-cTnI,
which could help explain the differences in cTn
elevation prevalence by assay type in this study.7

Overall, this work by Janssen et al2 demonstrates
that postexericse cTn elevation is common and not
well explained by epicardial CAD. Other mechanisms
for postexercise cTn rise include those that may be
benign, reflecting transient perturbations in physi-
ology that return to normal without consequence.
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Alternately, higher elevation in cTn in response to
repetitive, large exercise doses may still help identify
those susceptible to cumulative negative effects, such
as arrhythmias and myocardial fibrosis that are also
more common in male endurance athletes. While the
current results do not advance our understanding
about whether exercise-induced cTn is prognostic,
the TREAT investigators intend to follow participants
longitudinally for cardiac events, which will better
inform this question.
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