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a B s t r a C t

A systematic review was carried out to study the pattern of 
high-sensitivity cardiac troponin release after running (search 
performed on PubMed, ISI Web of Knowledge and Scopus 
databases). A total of ten reports were identified as meeting 
the pre-specified criteria (eight using high-sensitivity troponin 
T and two using high-sensitivity troponin I). The papers 
were published between 2009 and 2013, amounting to a 
total of 479 participants under study. Eight reports provided 
data comparing post-running troponin levels with the 99th 
percentile reference value. A total number of 296 participants, 
out of 424, showed post-running high-sensitivity troponin 
values higher than the 99th percentile reference value (69.8%).
In conclusion, using high-sensitivity cardiac troponin 
assays, studies have shown that elevated post-running 
values are seen in more than two-thirds of runners. 
Whether troponin release in this setting represents a fully 
reversible phenomenon is currently unknown; the effects of 
strenuous running on long-term health are also uncertain.

K e Y W o r d s

Running, high-sensitivity troponin

i n t r o d U C t i o n

Cardiac troponin has been shown to act as a most useful 
biomarker in the context of acute myocardial infarction, 
and is usually believed to act as a marker of necrosis in 
this setting.1-3

However, research carried out in other settings has shown 
that increased plasma levels of cardiac troponin are a 
relatively frequent finding, including in patients with chest 
pain of other causes, sepsis, pulmonary embolism, aortic 
valve disease, and heart failure.3

Running is a normal physiological phenomenon in 
humans. Studies carried out since 1987 have shown that 

prolonged and/or strenuous running is associated to 
increased plasma levels of cardiac troponin.4 
Previous systematic reviews have been published on 
this topic.5,6 However, technical improvements in 
laboratory techniques have led to the current availability 
of high-sensitivity assays – usually believed to be more 
reliable in the evaluation of plasma cardiac troponins, 
namely in what concerns values closer to the detection 
limit of the assay.7

The aim of this systematic review was to present the 
current state of the art concerning cardiac troponin level 
changes associated with running, including long distance 
or strenuous running, as supported by studies carried out 
using the high-sensitivity assays. It is, to our knowledge, 
the first systematic review to consider exclusively 
high-sensitivity troponin assays in the evaluation of this 
interesting and common phenomenon. 

M e t H o d s

search strategy
The study started with a search on three databases, 
Medline (PubMed), ISI Web of Knowledge and Scopus, 
using the query “troponin” + “running”. In PubMed, the 
additional keyword “marathon” was also used (“troponin 
AND ((running) OR (marathon))”). 
The search took place between April and May 2013, and no 
articles were excluded based on publication date. The aim 
of our search was to identify studies evaluating the levels 
of cardiac troponins (either T or I) using high-sensitivity 
assays, as defined by the authors, in association with a 
period of running (regardless of intensity, duration of 
exercise or length, or of previous physical exercise practice). 
The query resulted in 157 articles on the PubMed database, 
259 on ISI Web of Knowledge and 181 on Scopus. No 
additional studies were found after searching the 
references of previous review articles. 
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inclusion criteria
Only prospective observational human studies were 
included. It was mandatory for the studies to evaluate the 
levels of cardiac troponins before and after the race, and 
only studies using high-sensitivity troponin assays (as 
defined by the authors in the title and/or abstract) met the 
inclusion criteria. 

exclusion criteria
Articles in which the subjects were selected because they 
had a specific pathology, case reports and articles that did 
not use high-sensitivity troponin assays were excluded.
Articles written in languages other than English, as well 
as mechanistic and animal studies, were also excluded. 
Studies containing less than ten subjects were excluded 
too. Studies evaluating exercise but not specifically 
running, such as cycling or triathlon, were excluded 
because, although of importance, they were outside the 
scope of the present report. 

summary measure
The primary summary measure in the quantitative 
analysis was the determination of the number of 
participants with high-sensitivity troponin values greater 
than the 99th percentile after the race. The number of 
participants in some studies were calculated from the 
published value corresponding to the percentage. 

Quality assessment of studies and data extraction
Study quality and eligibility were individually assessed 
by four investigators. Different opinions regarding the 
relevance of articles were solved by consensus between 
the authors. 

r e s U l t s

From title and abstract analysis, ten articles were included 
that met the pre-specified criteria, and this set of articles 
was analysed by the authors.8-17 A flowchart showing the 
literature search method, as well as the resulting number 
of articles selected, is displayed in figure 1. The total of 
ten articles that were selected for qualitative review were 
published between 2009 and 2013, amounting to a total 
of 479 subjects in which high-sensitivity cardiac troponin 
was assessed. 
Table 1 presents the main characteristics of the 
subjects involved in each study. For the quantitative 
synthesis regarding the percentage of participants 
with high-sensitivity troponin greater than the 99th 
percentile (table 2), a total of eight trials were assessed, 
amounting to 424 runners (381 males), of which 296 
had high-sensitivity troponin levels greater than the 99th 
percentile (69.8% of the total). In this synthesis, 392 

runners had high-sensitivity troponin T assessed, and 
273 of those patients (69.6% of the total) had troponin 
levels greater than the 99th percentile, when evaluated 
after the race (immediately or within six hours after the 
race). Thirty-two runners had high-sensitivity troponin 
I assessed, and 23 of those (71.9% of the total) had levels 
greater than the 99th percentile, when evaluated after the 
race (within six hours of completion). 
Table 3 presents an overview of the main conclusions in the 
studies included in the qualitative review.

d i s C U s s i o n

In the present report, a systematic review was undertaken 
to look at changes in plasma troponin levels after running 
– an important physiological activity of the human body. 
Only reports dealing with high-sensitivity troponin were 
chosen, since these new assays are usually believed to be 
more reliable in the evaluation of plasma cardiac troponins, 

figure 1. Flowchart showing the literature search 
method (n = number)

Records identified through 
initial database searching 
using query “troponin”+ 

“running”
(n = 157 in PubMed;

n = 259 in ISI – Web of 
Knowledge;

n = 181 in Scopus)

Records screened using 
additional keyword “high-

sensitivity” (n= 94)
(n = 10)

Full-text articles assessed for 
eligibility 
(n = 10)

Studies included in qualitative 
synthesis
(n = 10)

Studies included in 
quantitative synthesis (number 

of participants with high-
sensitivity troponin T higher 

than 99th percentile)
(n = 8)

Records excluded
(n = 84)

Full-text articles excluded,  
with reasons

(n = 0)

Records after title and abstract analysis and duplicates removed
(n = 86 in PubMed; n = 5 additional records in ISI – Web of 

Knowledge; n = 3 additional records in Scopus)

Additional records identified 
through other sources

(n = 0)
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namely in what concerns values closer to the detection 
limit of the assay.7

The main finding was that a considerable percentage of the 
study participants were shown to have increases in plasma 
troponin values, not only when compared with baseline 
values, but also when compared with the 99th percentile 
value for the biomarker under study.

According to one point of view,18 elevated cardiac troponin 
plasma values would always correspond to cardiomyocyte 
necrosis – a theory that, in the case of strenuous running, 
and in the light of the present report, would correspond to 
a majority of runners having undergone cardiac cellular 
necrosis – although, presumably, of low grade. This theory, 
however, and in the case of running, is currently not 

table 1. Overview of trials meeting the pre-specified criteria

study (year) n Male/
female ratio

Mean age 
(years)

type of race 
(length in km)

Biomarkers 
assessed

timing of sample collection

Mingels et al. 
(2009)8

85 70/15 47 Marathon
(42.2 km)

TnI
TnT
HSTnT
CK
Albumin

0-2 hours before the race
<1 h after the race

Giannitsis et al. 
(2009)9

10 10/0 52 Ultramarathon
(216 km)

HSTnT
NT-proBNP

Baseline
After first half marathon, full, double 
and quadruple marathon
Shortly after the finish

Mingels et al. 
(2010)10

43; 38; 
10; 85

24/19; 31/7; 
8/2; 70/15

45; 47; 43; 
47

5, 15, 21, 42 km HSTnT
NT-proBNP
Albumin

0-2 hours before the race
<1 h after the race

Saravia et al. 
(2010)11

78 78/0 56
(median)

Marathon (pre-
sumably, 42.2 km)

TnT
HSTnT
Leukocytes
CRP
IL-6
NT-proBNP

Before the race
<20 minutes after finishing the race
Nearly two weeks after the race

Scherr et al. 
(2011)12

102 102/0 42 Marathon
(42.195 km)

HSTnT
NT-proBNP
h-FABP
TNF-a
IL-6
IL-10
Hs-CRP
Cystatin C
Hg
Haematocrit
Albumin

During the week before the race
Within 1 h after the race
24 hours after the race
72 hours after the race

Lippi et al. 
(2012)13

15 15/0 41 Ultramarathon
(60 km)

TnI 
HSTnI

Before the race (20 minutes before 
warm-up)
Within 10 minutes after the race

Tian et al. (2012)14 13+13 26/0 14.1; 24 Constant load 
treadmill run for 
90 minutes

HSTnT
NT-proBNP
Hg
Haematocrit

Pre-exercise
Immediately post-exercise
1, 2, 3, 4, 5, 6, and 24 hours post-exercise

Lippi et al. (2012)15 17 17/0 47 Half marathon
(21 km)

TnI 
HSTnI

Before the race (30 minutes before 
warm-up)
Immediately after the race, and at 3, 6 
and 24 hours after the race

Wilhelm et al. 
(2012)16

10 10/0 34.9 Mountain 
marathon

HSTnT
Pro-ANP
HS-CRP
IL-6
TNF-a
Leukocytes
Hg
Haematocrit
Plasmatic sodium

Baseline
Within 15 minutes after the race
1 and 8 days after the race

Baker et al. 
(2013)17

45 - - Marathon
(41.84 km)

TnI 
TnT 
HSTnT 
BNP

Before the race
Within 15 minutes after the race

n = number of runners; BnP = brain natriuretic peptide; CK = creatine kinase; h-faBP = heart-type fatty acid binding protein; Hg = haemoglobin; 
Hs-CrP = high-sensitivity C reactive protein; il-6 = interleukin 6; nt-proBnP = n-terminal pro-hormone of brain natriuretic peptide; pro-anP = 
pro-atrial natriuretic type; tnf-a = tumour necrosis factor a; tni = cardiac troponin i; tnt = cardiac troponin t; Hstni = high-sensitivity troponin 
i; Hstnt = high-sensitivity troponin t.
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supported by empirical data – since pathological studies 
indicating the presence of necrosis were not found in the 
literature. 
In studies assessing both troponin release and cardiac 
magnetic resonance imaging, no detectable myocardial 
necrosis was observed after marathon running.19-22 A 
half marathon was associated to an increase in right 
ventricular end-diastolic volume, with a reduction in the 
right ventricular ejection fraction.23

Breuckmann et al. described late gadolinium enhancement 
in 12 out of 102 healthy marathon runners, a value which 
was compared with four cases in a control population, 
yielding a p value of 0.077.24 The study did not involve 
either troponin measurements or pre-marathon cardiac 
studies,24 and was of an observational nature, thus unable 
to establish causality. Cyclists from the Tour de France 
were shown to have an increased average longevity, when 
compared with the general population.25

The results presented in the present report point in the 
direction that cardiac troponin release associated with 
running, including marathon running, occurs in more 
than two-thirds of the participants studied. Previous 
systematic reviews looking at data obtained prior to the 
development of high-sensitivity troponin testing have 
been published. Shave et al. reported troponin T to 
exceed assay detection limit in 52% of participants in 
running events.6 Regwan et al. reported an incidence of 
post-marathon troponin elevation of 51%.5 Data obtained 
with high-sensitivity troponin testing, in summary, shows 
troponin release after running to be a more generalised 
phenomenon than previously thought.
Cardiomyocyte necrosis could be the mechanism behind 
troponin release in this setting – as stated above, an 
unsubstantiated allegation, in as much as no histological 
proof for this phenomenon has been put forward. Even 

the data presented by Breuckmann et al., which could have 
causes other than running, show a strikingly low value of 
12% for the presence of late gadolinium enhancement,24 
when compared with a 69.8% mean value of running 
participants with troponin release, now reported. The 
time course of troponin release in this setting – with 
a relatively rapid decrease in plasma cardiac troponin 
values after peak values are reached – would also argue 
in favour of a reversible phenomenon. Cardiac strain26,27 
could be an explanation for the phenomenon of troponin 
release after strenuous running, in good agreement with 
data obtained under experimental conditions, perhaps 
implicating integrin stimulation as a mechanism behind 
troponin release.28

table 2. Number of participants with high-sensitivity 
cardiac troponin values, measured up to six hours after 
the race, higher than the 99th percentile, presented as 
a fraction of the total number of participants (number 
of participants in some studies were calculated from the 
published value corresponding to the percentage)

Mingels et al. (2009)8 73/85

Giannitsis et al. (2009)9 4/10

Mingels et al. (2010)10 0/ 43 (5 km)
5/ 38 (15 km)
4/10 (21 km)

Saravia et al. (2010)11 73/78

Scherr et al. (2011)12 91/102

Lippi et al. (2012)13 12/15

Tian et al. (2012)14 12/13 (adolescents)
11/13 (adults)

Lippi et al. (2012)15 11/17

Total 296/424 (69.8%)

table 3. Major findings concerning high-sensitivity 
cardiac troponin, in ten articles selected in the course of 
the systematic review

study (year) Major findings concerning high-sensitivity 
troponin

Mingels et 
al. (2009)8

Reference values of high-sensitivity troponin T 
higher for males 
100% of runners with increase in troponin I and 
high-sensitivity troponin T after the race

Giannitsis 
et al. 
(2009)9

10 cases with a rise of high-sensitivity troponin T
1 case with early rise of high-sensitivity troponin 
T, followed by decrease to baseline value
Heterogenous behaviour of troponin concentra-
tion in different runners

Mingels et 
al. (2010)10

Troponin concentrations significantly higher with 
increasing running distance except in the 5 km 
race group 

Saravia et 
al. (2010)11

High-sensitivity troponin T increased signifi-
cantly after the race
2 weeks after the race troponin levels were compa-
rable with baseline levels
Larger number of participants with increased 
troponin levels with high-sensitivity assay, when 
compared with older types of assays

Scherr et al. 
(2011)12

Increase above threshold was observable in 89% 
of participants immediately after the race, in 27%, 
24 h after the race, and in 4%, 72 h after the race

Lippi et al. 
(2012)13

80% of participants with high-sensitivity troponin 
I >99th percentile, after the race

Tian et al. 
(2012)14

Post-exercise high-sensitivity troponin T elevation 
occurred in all runners, peaked 3-4 hours post-
exercise, and the peak concentration was higher in 
adolescents than adults
During the recovery phase, high-sensitivity 
troponin T significantly higher in adolescents 
than in adults 

Lippi et al. 
(2012)15

High-sensitivity troponin I significantly increased 
from the mean baseline value of 2.9-4.8 ng/l after 
the run, 9.0 ng/l at 3 hours, 12.3 ng/l at 6 hours, 
and 4.5 ng/l at 24 hours
65% of participants with high-sensitivity troponin 
I >99th percentile 6 hours after the race

Wilhelm et 
al. (2012)16

High-sensitivity troponin T increased signifi-
cantly after the race and returned to baseline 
during follow-up

Baker et al. 
(2013)17

Mean high-sensitivity troponin T increased after 
the race from 3-47 ng/l
100% runners with detectable levels of high-sensi-
tivity troponin T
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study limitations
Given the heterogeneous nature of the data (physical 
pre-conditioning of the subjects, intensity, length 
and duration of the running period) and the possible 
presence of confounding factors (such as associated 
pathologies, especially cardiovascular disease and its 
protean manifestations) it is difficult to regard the data 
presented above as a set obtained in a homogeneous 
population. Many of the studies only included male 
participants, and the pattern of troponin release after 
running in the female gender should be further clarified 
in future studies. It is also clear (as shown in table 1) 
that most studies assessed high-sensitivity troponin T, 
whereas high-sensitivity troponin I was assessed in only 
two studies.13,15 As Lippi et al. suggest13 the data obtained 
with the two biomarkers seem to be comparable, but more 
data on this matter would be desirable. On the other hand, 
while the value corresponding to the 99th percentile was 
the same regarding the high-sensitivity troponin I assay 
in both trials (i.e. 8.6 ng/l), this was not the case for the 
high-sensitivity troponin T assays, different values being 
used in this latter case. 
Further studies are needed to better establish the clinical 
significance, if any, and the long-term prognosis associated 
with high-sensitivity troponin elevations in this setting. 
In conclusion, in the present systematic review, using data 
obtained with high-sensitivity cardiac troponin assays, 
elevations of cardiac troponin plasma levels were shown 
to exist in more than two-thirds of the participants 
studied, pointing to a more generalised phenomenon than 
previously thought.

r e f e r e n C e s

1. Katus HA, Remppis A, Neumann FJ, et al. Diagnostic efficiency of 
troponin T measurements in acute myocardial infarction. Circulation. 
1991;83:902-12. 

2. Antman EM, Tanasijevic MJ, et al. Cardiac-specific troponin I levels to 
predict the risk of mortality in patients with acute coronary syndromes. 
New Engl J Med. 1996;335:1342-9.

3. Thygesen K, Alpert JS, Jaffe AS, et al. Third universal definition of 
myocardial infarction. J Am Coll Cardiol. 2012;60:1581-98. 

4. Cummins P, Young A, Auckland ML, Michie CA, Stone PC, Shepstone BJ. 
Comparison of serum cardiac specific troponin-I with creatine kinase, 
creatine kinase-MB isoenzyme, tropomyosin, myoglobin and C-reactive 
protein release in marathon runners: cardiac or skeletal muscle trauma? 
Eur J Clin Invest. 1987;17:317-24. 

5. Regwan S, Hulten EA, Martinho S, et al. Marathon running as a cause 
of troponin elevation: a systematic review and meta-analysis. J Invent 
Cardiol. 2010;23:443-50. 

6. Shave R, George KP, Atkinson G, et al. Exercise-induced cardiac troponin 
T release: a meta-analysis. Med Science Sports Exer. 2007;39:2099-106. 

7. Wu AH, Jaffe AS. The clinical need for high-sensitivity cardiac troponin 
assays for acute coronary syndromes and the role for serial testing. Am 
Heart J. 2008;155:208-14.

8. Mingels A, Jacobs L, Michielsen E, Swaanenburg J, Wodzig W, van 
Dieijen-Visser M. Reference population and marathon runner sera 
assessed by highly sensitive cardiac troponin T and commercial cardiac 
troponin T and I assays. Clin Chem. 2009;55:101-8. 

9. Giannitsis E, Roth HJ, Leithauser RM, Scherhag J, Beneke R, Katus 
HA. New highly sensitivity assay used to measure cardiac troponin T 
concentration changes during a continuous 216-km marathon. Clin Chem. 
2009;55:590-2. 

10. Mingels AM, Jacobs LH, Kleijnen VW, et al. Cardiac troponin T elevations, 
using highly sensitive assay, in recreational running depend on running 
distance. Clin Res Cardiol. 2010;99:385-91. 

11. Saravia SG, Knebel F, Schroeckh S, et al. Cardiac troponin T release and 
inflammation demonstrated in marathon runners. Clin Lab. 2010;56:51-8. 

12. Scherr J, Braun S, Schuster T, et al. 72-h kinetics of high-sensitive troponin 
T and inflammatory markers after marathon. Med Sci Sports Exer. 
2011;43:1819-27. 

13. Lippi G, Schena F, Salvagno GL, Tarperi C, Aloe R, Guidi GC. Comparison 
of conventional and highly-sensitive troponin I measurement in 
ultra-marathon runners. J Thromb Thrombolys. 2012;33:338-42. 

14. Tian Y, Nie J, Huang C, George KP. The kinetics of highly sensitive cardiac 
troponin T release after prolonged treadmill exercise in adolescent and 
adult athletes. J Appl Physiol. 2012;113:418-25. 

15. Lippi G, Schena F, Dipalo M, et al. Troponin I measured with a 
high-sensitivity immunoassay is significantly increased after a half 
marathon run. Scand J Clin Lab Invest. 2012;72:467-70. 

16. Wilhelm M, Zueger T, De Marchi S, et al. Inflammation and atrial 
remodeling after a mountain marathon. Scand J Med Sci Sports. 2012. 
Epub 2012/12/21.

17. Baker P, Davies SL, Larkin J, et al. Changes to the cardiac biomarkers of 
non-elite athletes completing the 2009 London Marathon. Emerg Med J. 
2013. Epub 2013/03/21.

18. Newby LK, Jesse RL, Babb JD, et al. ACCF 2012 expert consensus 
document on practical clinical considerations in the interpretation of 
troponin elevations: a report of the American College of Cardiology 
Foundation task force on Clinical Expert Consensus Documents. J Am 
Coll Cardiol. 2012;60:2427-63. 

19. O’Hanlon R, Wilson M, Wage R, et al. Troponin release following 
endurance exercise: is inflammation the cause? a cardiovascular magnetic 
resonance study. J Cardiovasc Magn Reson. 2010;12:38. 

20. Hanssen H, Keithahn A, Hertel G, et al. Magnetic resonance imaging of 
myocardial injury and ventricular torsion after marathon running. Clin Sci 
(Lond). 2011;120:143-52. 

21. Mousavi N, Czarnecki A, Kumar K, et al. Relation of biomarkers and 
cardiac magnetic resonance imaging after marathon running. Am J 
Cardiol. 2009;103:1467-72. 

22. Trivax JE, Franklin BA, Goldstein JA, et al. Acute cardiac effects of 
marathon running. J Appl Physiol. 2010;108:1148-53. 

23. Oomah SR, Mousavi N, Bhullar N, Kumar K, Walker JR, Lytwyn M, et 
al. The role of three-dimensional echocardiography in the assessment 
of right ventricular dysfunction after a half marathon: comparison 
with cardiac magnetic resonance imaging. J Am Soc Echocardiog. 
2011;24:207-13. 

24. Breuckmann F, Mohlenkamp S, Nassenstein K, et al. Myocardial late 
gadolinium enhancement: prevalence, pattern, and prognostic relevance 
in marathon runners. Radiology. 2009;251:50-7. 

25. Sanchis-Gomar F, Olaso-Gonzalez G, Corella D, Gomez-Cabrera MC, Vina 
J. Increased average longevity among the “Tour de France” cyclists. Int J 
Sports Med. 2011;32:644-7. 

26. Nunes JPL, Macedo F. An analytical triad for the diagnosis of pulmonary 
embolism. Cardiology. 2000;94:264. 

27. Nunes JPL. Cardiac troponin I in systemic diseases. A possible role for 
myocardial strain. Revista Port Cardiol. 2001;20:785-8. 

28. Hessel MH, Atsma DE, van der Valk EJ, Bax WH, Schalij MJ, van der 
Laarse A. Release of cardiac troponin I from viable cardiomyocytes is 
mediated by integrin stimulation. Eur J Physiol. 2008;455:979-86. 


