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Summary 
Background: The aim of this study was to examine high-
sensitivity troponin T and I (hsTnT and hsTnI) after a tread-
mill run under laboratory conditions and to find a possible
connection with echocardiographic, laboratory and other
assessed parameters. 
Methods: Nineteen trained men underwent a standardized
2-hour-long treadmill run. Concentrations of hsTnT and
hsTnI were assessed before the run, 60, 120 and 180 min-
utes after the start and 24 hours after the run. Changes in
troponins were tested using non-parametric analysis of vari-
ance (ANOVA). The multiple linear regression model was
used to find the explanatory variables for hsTnT and hsTnI
changes. Values of troponins were evaluated using the
0h/1h algorithm.
Results: Changes in hsTnT and hsTnI levels were statistical-
ly significant (p<0.0001 and p<0.0001, respectively). In a
multiple regression model (adjusted R2: 0.60, p=0.005 for
hsTnT and adjusted R2: 0.60, p=0.005 for hsTnI), changes
in both troponins can be explained by relative left wall
thickness (LV), training volume, body temperature after the
run and creatinine changes. According to the 0h/1h algo-
rithm, none of the runners was evaluated as negative.
Conclusions: Relative LV wall thickness, creatinine changes,
training volume and body temperature after the run can

Kratak sadr`aj
Uvod: Cilj ove studije bio je da se ispitaju nivoi visoko -
osetljivih troponina T i I (hsTnT i hsTnI) posle tr~anja na po -
kret noj traci u laboratorijskim uslovima i da se utvrdi poten-
cijalna povezanost sa ehokardiografskim, laboratorijskim i
ostalim procenjivanim parametrima. 
Metode: Devetnaestorica mu{karaca podvrgnuti su standar -
di zovanom dvo~asovnom tr~anju na pokretnoj traci. Koncen -
tracije hsTnT i hsTnI odre|ene su pre tr~anja, zatim 60, 120
i 180 minuta posle po~etka i 24 ~asa posle za vr{etka tr~anja.
Promene u troponinima testirane su pomo}u testa ANOVA.
Model vi{estruke linearne regresije upotrebljen je za prona -
la`enje eksplanatornih varijabli za promene u hsTnT i hsTnI.
Vrednosti troponina odre|ene su pomo}u algoritma 0h/1h. 
Rezultati: Promene u nivoima hsTnT i hsTnI bile su statisti~ki
zna~ajne (p<0,0001 i p<0,0001). U modelu vi{estruke re -
gresije (prilago|eni R2: 0,60, p=0,005 za hsTnT i prila go -
|eni R2: 0,60, p=0,005 za hsTnI), promene oba troponina
mogu se objasniti promenama u relativnoj debljini levog zida
(LV), obimu prethodnih treninga, temperaturi tela posle tr~a -
nja i kreatininu. Prema algoritmu 0h/1h, nijedan od trka~a
nije ocenjen kao negativan. 
Zaklju~ak: Relativna debljina zida LV, promene u nivou krea-
tinina, obim prethodnih treninga i temperatura tela posle
tr~anja mogu predvideti promene u nivoima hsTnT i hsTnI.

List of abbreviations: ANOVA, analysis of variance; BMI, body
mass index; BSA, body surface area; CKD-EPI, chronic kidney
disease epidemiology collaboration; cTn, cardiac troponins;
GFR, glomerular filtration rate; HR, heart rate; H max, maxi-
mum heart rate; hsTnI, high-sensitivity troponin I; hsTnT, high-
sensitivity troponin T; LiHep, lithium heparine; K3EDTA,
Kalium Ethylene-Diamine-Tetra-Acetic acid; LV, left ventricle;
NGAL, neutrophil gelatinase-associated lipocalin; U, urine;
VC, vital capacity; VCO2, carbon dioxide expenditure; VO2,
oxygen uptake; VO2 max, maximum oxygen uptake.
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Introduction

High-sensitivity cardiac troponin (hsTn) exami-
nation is a modern assessment method widely used in
the diagnosis of myocardial damage (1). In compari-
son with conventional troponin assays, hsTn assays
can detect minimal amounts of released cardiac tro-
ponins (cTn), even in healthy individuals (2). Physical
exercise is a useful tool in the prevention of many
medical conditions, e.g. cardiovascular diseases and
osteoporosis (3). Many people worldwide spend hours
weekly engaging in physical activity at the profession-
al or nonprofessional level; however, hospitalization
after strenuous exercise from cardiac or noncardiac
causes, even in young athletes without previous
symptoms, can occur (4). 

Despite many publications on the subject, the
patho physiological mechanism of cTn release after
phy sical exercise and its consequences is not fully
understood; however, possible explanations have
been published (5). Studies focused on hsTn changes
during con trolled laboratory-based exercise are rare
(6, 7). Hos pitalization after strenuous exercise (e.g.
after completing a half-marathon) is not uncommon,
and clinical symptoms suspicious of cardiac aetiology
can be present. 

Our first goal was to find the possible connec-
tion between hsTn changes and echocardiographic,
renal and anthropometric parameters examined
before and during the standardized 2-hour treadmill
run. Minor goal was to evaluate high-sensitivity tropo -
nin I (hsTnI) and high-sensitivity troponin T (hsTnT)
using the European Society of Cardiology 2015 0/1
rapid rule-out and rule-in algorithm for the diagnosis
of non-ST-elevation myocardial infarction (8). 

Material and Methods

Subjects

Nineteen men were enrolled in the study. The
inclusion criteria were history of successfully finishing a
marathon under 3 hours and 30 minutes in the past
year; non-smokers and no history of cardiovascular and
renal disease, diabetes mellitus, neoplasia or chronic
medication. The anthropometric parameters and train-
ing histories of all runners are summarized in Table I. 

Study design

All participants received a questionnaire regard-
ing their medical condition and training history prior
to the study. Before the main experiment, all partici-
pants underwent two visits. The first visit was to per-
form a resting echocardiographic and blood pressure
examination. The second visit was to perform a rest-
ing 12-lead electrocardiogram to find possible
pathologies and to reveal ECG signs of hypertrophy
using the Cornell voltage criteria followed by a graded
treadmill run test to determine the aerobic capacity of
each participant (9). The main experiment including
the 2-hour treadmill run was performed during the
third visit, at which time five blood samples were
drawn. The last blood sample was obtained during
the fourth visit (24 hours after the treadmill run). The
study design is illustrated in Figure 1. No physical
activity was allowed for one day before the third visit
and for 24 hours after. Intensive or strenuous activity
(e.g. competition) was not allowed during the last 14
days before the main experiment. All participants
gave written informed consent, and the study was
approved by the local ethics committee.

Echocardiographic examination

All participants underwent an initial echocardio-
graphic examination to exclude possible abnormali-

predict changes in hsTnT and hsTnI levels. When medical
attention is needed after physical exercise, hsTn levels
should be tested only when clinical suspicion and the
patient’s history indicate a high probability of myocardial
damage. 

Keywords: high-sensitivity troponins, running, standard-
ized exercise, echocardiography

Kada je posle fizi~kog ve`banja potrebna medicinska asisten-
cija, nivoe hsTn trebalo bi testirati samo ukoliko klini~ka sum-
nja i istorija bolesti ukazuju na veliku verovatno}u o{te}enja
miokarda. 

Klju~ne re~i: visokoosetljivi troponini, tr~anje, standardi-
zovana ve`ba, ehokardiografija 

Age (years) 37 (24–48)

BMI (kg×m-2) 22.8 (20.6–27.2)

Running–training volume 
(km per month) 160 (100–350)

Physical activity (hours per week) 14 (10–22)

VO2max (mL×kg-1×min-1) 59.7 (36.9–75.3)

HR (resting) (beats per minute) 51 (40–65)

VC (mL) 5370 (4560–6950)

Table I Anthropometric parameters and training histories of
runners enrolled in the study (n = 19). 

Data are presented as median (min–max). BMI – body mass
index, VO2 max – maximum oxygen uptake, HR – heart rate,
VC – vital capacity.
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ties and to determine left ventricle (LV) mass values,
LV wall thickness and LV diastolic diameter. Before
the echocardiographic examination, blood pressure
was measured on the left arm while the participant
was in a sitting position after 5 minutes of rest (Omron
M6 Comfort, Omron Healthcare Co, Kyoto, Japan).
Two-dimensional, M-mode and Doppler echocardio-
grams were acquired using an ultrasound system
(Vivid 7, GE Medical Systems, Horton, Norway) with
a 3.4-MHz multi-frequency transducer. Primary mea-
surements of mitral inflow included the peak early fill-
ing (E-wave) and late diastolic filling (A-wave) veloci-
ties, the E/A ratio and deceleration time of the early
filling velocity, which were derived by placing the cur-
sor of the pulsed wave Doppler in the LV, above the
tips of the mitral valve, to display the onset of mitral
inflow, using a 5 MHz transducer. Passive LV filling
(E’-wave) was measured from the pulsed wave tissue
Doppler of the mitral septal annular velocity. Right
ventricular systolic pressure was based on the mea-
surement of maximal tricuspid regurgitation velocity
and applying the modified Bernoulli equation before
addition of the estimated right atrial pressure. LV
mass values were calculated according to the Cube
formula (10). One experienced cardiologist per-
formed all echo cardiographic examinations.

Graded treadmill run

For maximum oxygen uptake (VO2max), maxi-
mum heart rate (HR max), ventilation and anaerobic
threshold determination, a progressive exercise test
on a treadmill ergometer (LODE, Groningen, the
Nether lands) was used. The workload started at a
running velocity of 7 km×h-1 for 3 minutes, then was
in creased to 9 km×h-1 for the next 3 minutes, and
the runners covered the last 3-minute sub-maximal
workload at a running velocity of 11 km×h-1.
Following a 9-minute warm-up, the running velocity
was in creased by 1 km×h-1 every 30 s to the point of

exhaustion. During the entire test, the O2 and CO2
concentrations in the exhaled air were analysed by an
O2-CO2 Junkalor analyser (Saxon Junkalor, Dessau,
Germany) with Pewatron gas sensors (Pewatron,
Zürich, Switzer land). Heart rate was monitored by a
Polar heart rate meter (Polar, Kempele, Finland). All
data were automatically computerized in 30-s inter-
vals: heart rate (HR), oxygen uptake (VO2), carbon
dioxide expenditure (VCO2), pulmonary ventilation,
respiratory rate, respiratory exchange ratio and venti-
latory equivalent for O2 and CO2.

Two-hour treadmill run

After a 10-minute warm-up run at 8 km×h-1,
the speed was increased gradually until the target
velocity was reached. The target speed was set at
90% of the heart rate at the anaerobic threshold.
Participants were allowed to drink ad libitum during
the entire run. Every 15 minutes, all participants were
asked about their subjective feelings of perceived
exertion, and the results were noted using the Borg
scale (11). Ventilatory parameters (VO2, VCO2) and
HR were monitored throughout the entire run. When
any of the parameters monitored started to indicate
that the anaerobic threshold was exceeded, the speed
was reduced by 1 km×h-1. One 5-minute-long pause
was necessary to allow blood sampling after 1 hour.
The body temperature was measured rectally imme-
diately after the run.

Blood samples and biochemistry assessment

All blood samples were taken from the antecu-
bital vein while the participant was in a sitting posi-
tion. Blood samples were taken before the run – sam-
ple »A«, 1 hour after the start – sample »B«, at the
end of the run (2 hours after the start) – sample »C«,
1 hour after the end of the run (3 hours after the
start) – sample »D« and 24 hours after the end of the

1st and 2nd visit

Resting 12-lead
electrocardiogram

Resting blood
pressure

Echocardiography
Graded treadmill

run test

Two-hour treadmill run

Sample »A«
Blood+urine

Sample »B«
Blood

Sample »C«
Blood

Sample »D«
Blood+urine

Sample »E«
Blood+urine

24 hours
after the end

of the run

180 minutes120 minutes60 minutes

1 hour of resting

3rd visit 4th visit24 hours1–3 months

0 minutes

Figure 1 Study design.



run – sample »E« (Figure 1). In sample »A«, three
blood samples were taken – 1x VACUETTE® TUBE 4
ml Kalium Ethylene-Diamine-Tetra-Acetic acid
(K3EDTA) and 2x VACUETTE® TUBE 4 mL Lithium
heparine (LiHep) Separator, Greiner Bio-One GmbH,
Kremsmünster, Austria. At all other time points, 2
blood LiHep samples were taken. Urine samples were
taken at the same time as samples »A«, »D« and »E«
(1x VACUETTE® Urine tube). All LiHep samples
were centrifuged 15 minutes after collection at 2000
g for 10 minutes. Samples were stored at −70 °C
prior to analysis. 

Sample analysis

In all runners, routine analysis of the K3EDTA
sample »A« was performed (erythrocytes, leukocytes,
platelet count, haemoglobin, bilirubin, aspartate
amino transferase, alanine aminotransferase, creati-
nine, urea, total protein). Erythrocyte, leukocyte,
platelet count and haemoglobin concentration were
performed on an automated haematological analyser
(Beckman Coulter, DxH 800 Beckman Coulter,
Krefeld, Germany). Bilirubin, aspartate aminotrans-
ferase, alanine aminotransferase, creatinine, urea,
cystatin C, total protein, albumin, lactate and hsTnT
analysis were performed using the Cobas system
(Cobas 8000 Analyzer, Cobas c702 and e602 mod-
ules, Roche Diagnostics, Basel, Switzerland). Urine
albumin concentrations were assessed using the
Cobas system (Cobas 6000, Cobas c501, Roche
Diagnostics, Basel, Switzerland). HsTnI analysis was
performed using the Abbott system (STAT High
Sensitive Troponin-I, Abbott Architect i2000SR,
Abbott Diagnostics, Düsseldorf, Germany). NGAL
was determined by using a Beckman Coulter analyser
(Beckman Coulter AU 640, Beckman Coulter,
Lismeehan, O’Callaghan’s Mills, Co. Clare, Ireland,
NGAL Test BioPorto, BioPorto Diagnostics A/S,
Hellerup, Denmark). All samples were analysed in
batches. The limit of detection was 2 ng×L-1 for
hsTnI and 5 ng×L-1 for hsTnT. 

Statistical analysis

Unless stated otherwise, descriptive statistics are
expressed as median (min–max) values. Because of
the relatively small sample size and non-normally dis-
tributed data, non-parametric tests were used. Trends
in hsTnT and hsTnI levels were tested by using the
non-parametric alternative to the one-way analysis of
variance (ANOVA) for repeated measures (Friedman
test). Relative changes in hsTnT and hsTnI (differ-
ence between peak value and sample »A« value) were
used for comparisons between parameters. To calcu-
late the number of samples that fell below and above
the 99th percentile in males only and in the whole
population, concentrations of 15.5 and 14.0 ng×L-1,
respectively, were used for hsTnT, whereas 27.0 and
19.3 ng×L-1, respectively, were used in the case of

hsTnI (12, 13). The Spearman correlation coefficient
was used to compare changes in hsTnT and hsTnI,
and for echocardiographic, anthropometric, bio-
chemical and other parameters assessed before and
during the 2-hour treadmill run. The level of statistical
significance was set at a = 0.05. The multiple linear
regression model was employed with the relative
changes in hsTnT and hsTnI as the dependent
(explained) variables. The relevant explanatory (inde-
pendent) variables were selected by a stepwise (back-
ward and forward, p for inclusion < 0.1) algorithm
from the following parameters: age; BMI; body tem-
perature after the run; relative LV wall thickness; rel-
ative LV diastolic diameter; median of lactate; physi-
cal activity performed weekly and relative changes in
creatinine, cystatin, myoglobin, NGAL/creatinine and
albumin/creatinine urine ratios. For statistical analy-
sis, MedCalc software (MedCalc Software, version
16.4.1, MedCalc Software bvba, Ostend, Belgium)
and R software (version 3.1.3, R Development Core
Team, R Foundation for Statistical Computing,
Vienna, Austria) were used. Samples »C« and »D«
were stratified according to the 0h/1h algorithm into
»positive«, »negative« or »observe« groups (sample
»C« at the end of the run represented »hour 0« and
sample »D« represented »hour 1«). 

Results

ECG and echocardiographic examination showed
no significant pathologic findings using previously
defined criteria (10, 14). Echocardiographic parame-
ters and data from the 2-hour run are stated in Table II.
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Table II Echocardiographic parameters and values mea -
sured throughout the whole 2-hour-long treadmill run. 

LV mass (g) 169.0 (125.0–247.0)

LV mass/BSA (g×m-2) 85.1 (66.2–119.3)

LV wall thickness (rel) 0.36 (0.27–0.47)

LV diastolic diameter (mm2) 50.0 (46.0–60.0)

LV diastolic diameter (mm×m-2) 26.0 (21.4–28.7)

HR (beats per minute) 160.0 (126.0–180.0)

Distance (km) 25.0 (18.0–28.0)

Liquids intake (L) 0.5 (0.1–1.65)

Body temperature after run (°C) 39.5 (38.4–40.6)

Borg scale 13.0 (10.5–14.8)

Weight difference (kg)* -2.4 (-0.3– -5.0)

VO2 /VO2max (%) 39.5 (38.4–40.6)

LV – left ventricle, BSA – body surface area. Values stated as
median (min–max), HR – heart rate, VO2 – oxygen uptake,
VO2max – maximum oxygen uptake. *Weight difference
calculated as difference between weight before and after the
2-hour treadmill run.
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Sample A Sample B Sample C Sample D Sample E

hsTnT* 2 (11%)/2 (11%) 2 (11%)/2 (11%) 9 (47%)/11 (58%) 12 (63%)/13 (68%) 3 (16%)/3 (16%)

Median 1st–3rd

quartile (min–max)
(ng/L)

7.2 
5.6–8.5

(5.0–41.1)

10.6 
7.6–12.5

(6.0–64.1)

14.8 
11.4–20.3
(7.7–65.1)

18.5 
12.0–22.0
(6.4–61.0)

8.7 
7.4–11.8

(5.0–41.2)

Between sample
difference (hsTnT) – A–B

p < 0.0001
A–C

p < 0.0001
A–D

p < 0.0001
A–E

p = 0.014

hsTnI* 0 (0%)/0 (0%) 0 (0%)/0 (0%) 0 (0%)/0 (0%) 1 (5.3%)/4 (21%) 0 (0%)/0 (0%)

Median 1st–3rd

quartile (min–max)
(ng/L)

3.4
2.3–4.4

(2.0–12.9)

3.9
2.2–4.7

(2.0–13.0)

5.6
4.5–8.5

(2.5–17.5)

8.0
5.8–14.5
(3.4–38.8)

4.7
3.9–9.5

(2.0–16.3)

Between sample
difference (hsTnI) – A–B

p = 0.05
A–C

p < 0.0001
A–D

p < 0.0001
A–E

p < 0.0001

Table III *Number of cases (%) in particular samples where hsTnI and hsTnT concentrations reached values above the 99th per-
centile. As the cut-off values for the 99th percentile for males only and the whole population, values of 15.5 and 14 ng×L-1,
respectively, were used for hsTnT, whereas 27 and 19.3 ng×L-1, respectively, were used in the case of hsTnI (12, 13).

hsTnT hsTnI

Two-hour treadmill run

Body temperature after the run (°C) r = 0.40 p = 0.09 r = 0.26 p = 0.3

HR (median) r = 0.41 p = 0.08 r = 0.28 p = 0.24

Borg scale (median) r = 0.10 p = 0.68 r = 0.09 p = 0.73

VO2/VO2 max uptake r = 0.09 p = 0.73 r = 0.10 p = 0.69

Body temperature after the run r = 0.40 p = 0.09 r = 0.26 p = 0.30

Weight difference r = 0.12 p = 0.62 r = -0.19 p = 0.45 

Lactate (median)* r = 0.53 p = 0.02 r = 0.53 p = 0.02

Creatinine (rel. change) r = 0.54 p = 0.02 r = 0.53 p = 0.02

Myoglobin (rel. change) r = 0.62 p = 0.005 r = 0.52 p = 0.02

Cystatin C (rel. change) r = 0.12 p = 0.63 r = -0.12 p = 0.63

GFR change (rel. change) r = 0.54 p = 0.02 r = 0.57 p = 0.01

Albumin/creatinine (U) (rel. change) r = 0.44 p = 0.07 r = 0.48 p = 0.047

NGAL/creatinine (U) (rel. change) r = 0.55 p = 0.02 r = 0.63 p = 0.006

Echocardiographic parameters

LV mass (g) r = -0.33 p = 0.17 r = -0.20 p = 0.41 

LV mass/BSA (g.m-2) r = -0.37 p = 0.12 r = -0.24 p = 0.33

LV wall thickness (rel) r = -0.46 p = 0.047 r = -0.51 p = 0.02

LV diastolic diameter (mm2) r = 0.12 p = 0.62 r = 0.18 p = 0.47 

LV diastolic diameter (mm.m-2) r = 0.37 p = 0.12 r = 0.42 p = 0.07

Table IV Spearman correlation coefficients and respective P values for relative changes in TnT. Lactate median value was calcu-
lated using measurements of samples A–D. In the case of creatinine, myoglobin, cystatin C and GFR, the change was calculated
as the relative difference between the minimum and maximum values.

NGAL – neutrophil gelatinase-associated lipocalin, GFR – glomerular filtration rate calculated using the CKD-EPI creatinine-cys-
tatin combined equation (15), HR – heart rate, LV – left ventricle, BSA – body surface area, U – urine.



J Med Biochem 2018; 37 369

HsTnT and hsTnI levels exhibited statistically signifi-
cant changes (p<0.0001, and p<0.0001 resp.).
HsTnT and hsTnI changes did not correlate with any
of the anthropometric parameters included in Table I.
Details on correlation analysis of hsTnT and hsTnI
with biochemical and echocardiographic parameters
and parameters measured throughout the 2-hour
tread mill run are summarized in Table IV. 

According to the multiple linear regression
model, the relative change in both troponins can be

explained by relative LV wall thickness, time per week
spent on physical activity, relative change in creatinine
and body temperature after the run measured rectal-
ly. Data are summarized in Table V. 

One hour after the start, concentrations of
hsTnT and hsTnI in sample »B« in comparison with
sample »A« were higher in 17 (90%) and 16 (84%)
cases, respectively. However, the change in hsTnI
between samples A and B did not reach statistical sig-
nificance (p=0.05), in contrast to the change in

hsTnT hsTnI

Estimate Std. Error P Estimate Std. Error P

Intercept -5356.94 1312.74 0.001 -14738.5 3880.48 0.003

BMI (kg×m-2) 20.022 10.922 0.09 65.692 32.285 0.06

Body temperature (°C) 144.378 34.654 0.001 395.559 102.439 0.002

Physical activity (hours/week) -14.867 5.068 0.01 -47.265 14.982 0.008

Creatinine (rel. change) 2.199 0.792 0.02 6.913 2.341 0.01

Left ventricle wall 
thickness (rel)

-1609.30 402.89 0.002 -5130.47 1190.96 0.008

Table V Final multiple linear regression model of relative changes in hsTnT and hsTnI as dependent variables and explanatory
variables selected by a stepwise algorithm (for details, see »Statistical analysis« section above). Adjusted R2: 0.60, p = 0.005 for
hsTnT, adjusted R2: 0.60, p = 0.005 for hsTnI.

Figure 2 Individual trends in hsTnI and hsTnT concentrations. A – before a 2-hour run, B – 1 hour after the start, C – at the end
of the run, D – 1 hour after the end of the run and E – 24 hours after the end of the run.



hsTnT (p<0.0001). At the end of the run, concentra-
tions of both troponins in sample C were higher in all
runners in comparison with sample »A«. Concen -
trations of hsTnI and hsTnT declined during the first
24 hours after the end of the run in 17 (90%) and 18
(95%) cases, respectively. Individual trends in hsTnT
and hsTnI are visualized in Figure 2. The numbers of
cases in which hsTnT and hsTnI values reached val-
ues above the 99th percentile are summarized in
Table III (12, 13).

According to the 0h/1h algorithm for non-ST
elevation myocardial infarction diagnosis, in the case
of hsTnT, no runner was excluded using the rule-out
criteria, 5 (26%) runners were stratified into the »pos-
itive« group, and 14 cases were stratified into the
»observe« group. In the case of hsTnI, nobody was
excluded, 4 (21%) runners were stratified into the
»positive« group and 15 cases were stratified into the
»observe« group. Nobody had signs of myocardial
infarction during the experiment. 

Discussion

Increased levels of cTn or hsTn after prolonged
or strenuous exercise have been widely studied (7,
16–21). The assessment of small changes in tro-
ponins is possible by using modern hsTn analytical
procedures, whereas the older generations of analytic
kits for troponin analysis were not sensitive enough to
detect small changes, even after extreme exercise (5,
22). Shave et al. (23) reported an elevation in cTnI in
healthy humans after 30 minutes of intensive run-
ning. Previous studies were mostly designed to assess
cTn or hsTn levels before and after competition (5,
17). As seen in our study, changes in hsTn concentra-
tions can be present even after the first hour of run-
ning, and extremely long-duration or high-intensity
exercise is not essential. 

According to our linear regression model, the
most important parameters explaining relative
increases in the concentrations of both troponins are
increased body temperature after the run, increased
creatinine concentration, lower training volume per
week and smaller relative LV wall thickness. 

Studies assessing hsTn changes and echocar-
diographic parameters have led to different conclu-
sions (7, 24–26). Correlation of changes in cTn levels
and cardiac function after exercise is rarely reported
(25). We observed that the increase in both troponins
can be explained by relative LV wall thickness (the
thicker the wall, the smaller the increase in tro-
ponins). A thicker LV wall was described as one of the
adaptive mechanisms in the hearts of athletes (4). A
possible explanation for why a heart with a thicker LV
wall releases a smaller quantity of troponins lies in the
ability to maintain a higher capacity for mechanical
work in comparison with the conceivable worsening
of mechanical conditions during contraction of a

heart with a thinner wall. Examination of natriuretic
peptides would be the appropriate way to address this
topic. 

As we observed, relative changes in hsTnT and
hsTnI can be influenced positively by training volume
and negatively by the body temperature measured
after the run. Thus, individuals with a lower training
volume can be predisposed to releasing higher amounts
of troponins than more trained individuals. To our
knowledge, regular training influences the cardiovas-
cular system by increasing its capacity over the long
term (27). The influence of body temperature on the
relative change in troponin levels measured after the
run is supported by the fact that hyperthermia can
cause indirect muscle damage and relates to exhaus-
tion and impairment of performance. Moreover,
increased skin blood flow as prevention against hyper-
thermia is responsible for higher demands on the
cardiovascular system and causes dehydration and
reduced cardiac filling (28). Changes in creatinine
concentrations can predict changes in the concentra-
tions of troponins. We can hypothesize that the
increase in these parameters (cardiac troponins and
creatinine) could be used to monitor the appropriate-
ness of the training burden. Although changes in cre-
atinine can be explained by a higher metabolic rate
during physical activity or by dehydration, there are
no published data proving that a transient impairment
in renal function, which is partly caused by dehydra-
tion, can cause substantial long-term renal damage. 

We documented considerable changes in hsTnT
and hsTnI levels in all participants after a 2-hour nor-
malized treadmill run. In cases requiring medical
attention for different indications, the use of a 0/1
algorithm is not applicable. If we simulated the clini-
cal situation of a patient who has clinical signs of
acute myocardial infarction after strenuous exercise,
the 0h/1h algorithm did not exclude any participants.
Approximately one quarter of healthy runners were
assigned to the positive group and the majority
remained in the »observe« group. However, none of
the relatively well-trained runners had symptoms of
myocardial infarction during the study. Additionally,
we can presume that release of cTn in an untrained
population after physical exercise is relatively frequent
and can be caused by relatively low-intensity exercise,
e.g. walking. Nevertheless, we agree with Shave et al.
that in cases when medical attention is needed after
physical exercise and the patient’s history and clinical
signs suggest a high probability of myocardial
damage, troponin levels should be tested (5); howev-
er, they should be interpreted with caution.

Despite the tendency for troponin levels to
return to baseline in the first 24 hours after the run in
most cases, concentrations of hsTnT in one case and
hsTnI in two different cases increased from 1 to 24
hours after the run. Middleton et al. (21) reported
that a second concentration peak of troponin can be
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present, even 24 hours after the run. However, in a
study by Tian et al. (6) in adults and adolescents,
additional elevation of hsTnT after normalized exer-
cise was not described. The presence of elevated tro-
ponin levels in the circulatory system after physical
exercise can result from necrosis of a small number of
cardiomyocytes; however, this theory has not been
proven. Other authors have suggested that the initial
peak of cTn can be caused by the release of a cytoso-
lic pool of cTn, and a second peak can be caused by
the release of cTn after proteolytic degradation (5).
Although troponin modifications have been described
in patients with myocardial infarction (29), the degra-
dation of troponin molecules is not always associated
with ischemia, as described in animal models (30).
The cooccurrence of intact molecules and degrada-
tion products of troponin I was described in another
study in patients with myocardial infarction (31). To
the best of our knowledge, the presence of degrada-
tion products or intact molecules after physical exer-
cise has not yet been studied in healthy individuals. 

This study has strengths and limitations. Studies
assessing changes in both high-sensitivity troponins
during and after normalized exercise under laboratory
conditions are rare. Our study focused on the conse-
quences of using a 0h/1h algorithm to diagnose
myocardial infarction and the description of a possible
correlation with echocardiographic parameters and
other parameters measured during the treadmill run.
Additionally, renal parameters during standardized
exercise were examined. Our study cohort included
only healthy runners, most of whom had high or very
high cardiorespiratory capacity. However, our conclu-
sions cannot be generalized to the female population.
Another limitation is the absence of echocardiograph-
ic examination after the run and the absence of
haemoglobin assessment to reveal the influence of
dehydration. In practice, however, the influence of

hydration is not usually considered in the evaluation
of hsTn levels and other laboratory parameters.
Finally, the small sample size could also influence the
robustness of our conclusion; and yet, this study was
methodologically too complicated to include a larger
number of participants.

Conclusion

Relative LV wall thickness, creatinine changes,
training volume and body temperature after the run
can predict changes in hsTnT and hsTnI levels. In -
creased levels of hsTn can be present even in cases
when high-intensity or long-duration exercise is not
undertaken. When medical attention is needed after
physical exercise, hsTn levels should be tested only
when clinical suspicion and the patient’s history indi-
cate a high probability of myocardial damage. 
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