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Abstract 

Background: Troponin elevation is common in ischemic stroke (IS) patients. The pathomechanisms involved are 
incompletely understood and comprise coronary and non-coronary causes, e.g. autonomic dysfunction. We investi-
gated determinants of troponin elevation in acute IS patients including markers of autonomic dysfunction, assessed 
by heart rate variability (HRV) time domain variables.

Methods: Data were collected within the Stroke Induced Cardiac FAILure (SICFAIL) cohort study. IS patients admit-
ted to the Department of Neurology, Würzburg University Hospital, underwent baseline investigation including 
cardiac history, physical examination, echocardiography, and blood sampling. Four HRV time domain variables were 
calculated in patients undergoing electrocardiographic Holter monitoring. Multivariable logistic regression with 
corresponding odds ratios (OR) and 95% confidence intervals (CI) was used to investigate the determinants of high-
sensitive troponin T (hs-TnT) levels ≥14 ng/L.

Results: We report results from 543 IS patients recruited between 01/2014–02/2017. Of those, 203 (37%) had hs-TnT 
≥14 ng/L, which was independently associated with older age (OR per year 1.05; 95% CI 1.02–1.08), male sex (OR 2.65; 
95% CI 1.54–4.58), decreasing estimated glomerular filtration rate (OR per 10 mL/min/1.73  m2 0.71; 95% CI 0.61–0.84), 
systolic dysfunction (OR 2.79; 95% CI 1.22–6.37), diastolic dysfunction (OR 2.29; 95% CI 1.29–4.02), atrial fibrillation (OR 
2.30; 95% CI 1.25–4.23), and increasing levels of C-reactive protein (OR 1.48 per log unit; 95% CI 1.22–1.79). We did not 
identify an independent association of troponin elevation with the investigated HRV variables.

Conclusion: Cardiac dysfunction and elevated C-reactive protein, but not a reduced HRV as surrogate of autonomic 
dysfunction, were associated with increased hs-TnT levels in IS patients independent of established cardiovascular risk 
factors.

Registration-URL: https:// www. drks. de/ drks_ web/; Unique identifier: DRKS00011615.
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Background
Cardiac troponin levels are sensitive and specific mark-
ers of myocardial injury [1] and are routinely used to 
diagnose myocardial infarction [1]. Troponin elevation 
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can also be observed in 20–60% of patients with acute 
ischemic stroke (IS) and has been associated with IS of 
cardioembolic origin [2], poor functional outcome [3], 
and increased short- and long-term mortality [4, 5]. The 
current American Heart Association guideline for the 
early management of patients with acute IS recommends 
routine troponin measurement [6], although the inde-
pendent association of troponin with poor outcome is 
inconsistent [7].

Troponin elevation may be caused by a thrombotic 
acute coronary syndrome preceding or concomitant to 
acute IS. Postulated mechanisms of troponin elevation 
due to non-acute coronary causes comprise heart failure 
[8, 9], impaired kidney function [8], and autonomic dys-
function due to sympathovagal imbalance with a domi-
nating sympathetic activation [3, 10].

Comparability of prevalence and determinants of tro-
ponin elevation in IS patients between existing studies [3, 
8–12] is limited due to heterogeneous inclusion criteria 
and the variety of troponin assays employed, with differ-
ing sensitivities and upper reference limits (URL). Infor-
mation on the correlates of troponin elevation is often 
derived from studies with limited sample size, precluding 
adequately powered multivariable analyses [3, 11]. Fur-
ther, the available evidence frequently relies on retrospec-
tive analyses of routinely collected data, where uptake of 
cardiac investigations is often incomplete [8–10, 12].

Markers of autonomic function (e.g., plasma catechola-
mines) are not routinely measured in IS patients and may 
be influenced by environmental stress [13]. Hence, this 
possible pathomechanism has not been well studied. The 
assessment of the heart rate variability (HRV) may pro-
vide a non-invasive and reproducible alternative to inves-
tigate the autonomic function in IS patients [14]. Time 
domain variables provide an estimate of the amount of 
HRV at various time scales, reflecting fluctuation in auto-
nomic input to the heart. Reduced HRV may indicate 
autonomic dysfunction resulting from both autonomic 
withdrawal or saturating sympathetic input [15]. Inflam-
mation has also been postulated as a potentially relevant 
pathomechanism in the heart-brain interaction [16], 
although the clinical evidence is scarce.

Therefore, we examined determinants of troponin 
elevation >99th percentile using a high-sensitivity assay 
within prospectively collected data undergoing detailed 
cardiac phenotyping at baseline including HRV time 
domain variables.

Methods
Patients were recruited within the prospective Stroke 
Induced Cardiac FAILure in mice and men (SICFAIL) 
study, a hospital-based, investigator-initiated cohort 
intended to investigate the prevalence and natural course 

of cardiac dysfunction after IS (clinical trial registration: 
DRKS00011615). The methodology of the SICFAIL study 
has been previously described [17]. In brief, patients 
≥18 years with IS according to the WHO definition [18] 
were recruited at Stroke Unit of the Department of Neu-
rology of the Würzburg University Hospital between Jan-
uary 2014 and February 2017. Exclusion criteria were a 
final diagnosis other than IS and participation in an inter-
ventional study. All patients underwent routine diagnos-
tic workup (for details see Additional file 1 Appendix I).

Baseline investigation
Patients or next of kin knowledgeable about the patient’s 
history were interviewed about socio-demographic fac-
tors, previous medical history (for definitions see Addi-
tional file  1 Appendix I), symptoms suggestive of heart 
failure, and medications on admission. Stroke sever-
ity (assessed by the National Institutes of Health Stroke 
Scale, NIHSS), and clinical signs suggestive of heart fail-
ure were documented on admission.

Echocardiography
Cardiac structure and function were assessed using tran-
sthoracic echocardiography by certified echocardiogra-
phy technicians [19] of the Comprehensive Heart Failure 
Center Würzburg on a high-end ultrasound device (Vivid 
E9, GE Healthcare, GE M5S-D matrix single-crystal 
phased array 1.5–4.5 MHz transducer). A minimum 
of three cardiac cycles was recorded for analysis and 
stored digitally. Left ventricular systolic dysfunction was 
defined as left ventricular ejection fraction < 52% in men 
and < 54% in women [20]. Left ventricular diastolic func-
tion was defined as fulfillment of at least three of the fol-
lowing criteria: [1] left atrial volume index > 34 mL/m2 
or left atrial area > 30  cm2 (if left atrial volume index not 
available), [2] average E/e’ > 14, [3] lateral e’ < 10 cm/s or 
septal e’ < 7 cm/s, [4] tricuspid regurgitation maximal 
flow velocity > 2.8 m/s [21]. Because diastolic and systolic 
dysfunction have a marked overlap [22], diastolic dys-
function was reported only in patients without systolic 
dysfunction, as previously described [17]. Clinically overt 
heart failure was defined as patient fulfilling clinical, 
echocardiographic, and biomarker criteria [23], as previ-
ously described [17].

Biomarker measurement
High-sensitive troponin T (hs-TnT), high-sensitive 
C-reactive protein (hs-CRP), and creatinine were meas-
ured from fasting blood samples drawn at median 3 days 
(quartiles 2–4) after symptoms onset and stored at 
− 80 °C in the Interdisciplinary Bank of Biomaterials and 
Data Würzburg (ibdw) [24] (for further details see Addi-
tional file  1 Appendix I). Hs-TnT elevation was defined 
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as a value >99th percentile URL (≥14 ng/L) in the assay’s 
validation study [25]. Estimated glomerular filtration rate 
(eGFR) was calculated using the Chronic Kidney Disease 
Epidemiology Collaboration formula [26].

ECG Holter monitoring and HRV analysis
Patients underwent ECG Holter monitoring as part of the 
routine diagnostic workup using a 3-channel (12-lead) 
Holter ECG (Philips Zymed Digitrak XT, Eindhoven, The 
Netherlands). Initial inspection of QRS complexes for 
ectopy and artifact labelling was performed using com-
mercially available software (Philips Zymed Holter 2010 
Plus/1810 Series). Annotated beat-to-beat files under-
went a second stage of manual editing of R-R intervals 
using dedicated software (Heart Rate Variability Analy-
sis aHRV. Release 13.4.0, Nevrokard Kiauta, d.o.o., Izola, 
Slovenia). The following time domain variables were 
calculated in accordance with published recommenda-
tions: [15] (1) standard deviation (SD) of normal-to-
normal beats (SDNN, estimate of overall HRV), (2)  SD 
of the averages of normal-to-normal intervals for all 
5-min segments for 24 h (SDANN, estimate of long-
term components of HRV), (3) mean of 5-min SDs of all 

normal-to-normal intervals for 24 h (SDNN index, esti-
mate of HRV due to cycles shorter than 5 minutes), (4) 
root mean square of successive RR interval differences 
(RMSSD, estimate of short-term components of HRV).

Only records fulfilling the following prespecified crite-
ria were included in this analysis: normal sinus rhythm 
with ≥18 hours of 5-minute segments with ≥80% nor-
mal R-R intervals and < 20% ectopic beats, recorded in all 
three channels and including the entire night (midnight 
to 6 AM). Patients with pacemaker, long segments of 
atrial fibrillation, and atrioventricular or bundle branch 
block were excluded (see Fig. 1).

Statistical analysis
We tested differences between groups using the χ2 test, 
Student’s t-test, and Mann–Whitney U test, according 
to the distribution of the variables. We report frequen-
cies for patients with complete information regarding the 
specified criteria. We used multivariable logistic regres-
sion analysis to determine the association of predefined 
variables with a troponin level ≥ 14 ng/L and report 
odds ratios (OR) with 95% confidence intervals (CI). 
The variables of interest were selected a priori based on 

Fig. 1 Flow diagram of study participants
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background clinical knowledge: age, sex, systolic dys-
function, diastolic dysfunction in absence of systolic 
dysfunction, atrial fibrillation, eGFR, history of coronary 
artery disease (CAD), severity (assessed by the NIHSS), 
insular stroke, and hs-CRP. Collinearity was investigated 
using the variance inflation factor. Concentrations of hs-
CRP were logarithmically transformed due to skewed 
distribution. In a sensitivity analysis, we investigated: 
(1) the consistency of the association of the previously 
selected variables with troponin elevation after adjusting 
for atherogenic cardiovascular risk factors (diabetes mel-
litus, hypercholesterolaemia and low-density lipoprotein 
levels, smoking, and hypertension); and (2) the associa-
tion of single HRV time domain variables with hs-TnT 
≥14 ng/L in patients with available HRV data. Due to 
the limited amount of events, we used a parsimonious 
model for the second sensitivity analysis and adjusted for 
age (model 1), or age and eGFR (model 2), based on pre-
vious data identifying age and eGFR as the single most 
relevant variables associated with hs-TNT ≥14 ng/L 
in non-coronary patients [27]. HRV variables (SDNN, 
SDANN, SDNN index, RMSSD) were entered into the 
models separately. We analyzed data using IBM SPSS 
Statistics for Windows, version 27 (IBM Corp., Armonk, 
N.Y., USA). Statistical significance was determined at α of 
0.05 (two-tailed).

Results
Overall, 750 patients with suspected IS were recruited 
[17]. After exclusion of drop-outs (stroke mimics n = 41, 
withdrawal of consent n = 13) and patients without avail-
able hs-TnT levels (n = 153), 543 patients were included 
in the present analysis (Fig. 1). Mean age was 68.5 years 
(SD 13.5), and 337 patients (62%) were male. Median 
NIHSS score on admission was 3 (quartiles 1–5). Base-
line characteristics are shown in Table 1. Patients without 
available troponin levels were older (71.5 vs 68.5 years, 
p = 0.014) but did not differ otherwise from included 
patients (see Additional file 1 Table I). Amongst the group 
of patients with available hs-TnT levels, ECG Holter 
monitoring was performed in 371 patients (68.3%). After 
exclusion of records not fulfilling prespecified quality cri-
teria (see reasons for exclusion presented in Fig. 1), HRV 
analysis could be performed in 196 Holter ECG records 
(36.1%). Out of them, 42 patients (21.4%) had hs-TnT 
levels ≥14 ng/L. Patients undergoing HRV analysis were 
younger and had less comorbidities (see Additional file 1 
Table II).

Determinants of troponin elevation
Amongst 543 patients with available hs-TnT levels, tro-
ponin was detectable in 430 out of 543 (79%), and 203 
patients (37%) had levels ≥14 ng/L. Troponin elevation 

was independently associated with older age (OR per 
year 1.05; 95% CI 1.02–1.08), male sex (OR 2.65; 95% CI 
1.54–4.58), systolic dysfunction (OR 2.79; 95% CI 1.22–
6.37), diastolic dysfunction in absence of systolic dys-
function (OR 2.29; 95% CI 1.29–4.02), atrial fibrillation 
(OR 2.3; 95% CI 1.25–4.23), decreasing eGFR (OR per 
10 mL/min/1.73  m2 0.71; 95% CI 0.61–0.84), and increas-
ing hs-CRP levels (OR 1.48 per log-unit; 95% CI 1.22–
1.79) (Table 2). Previous history of CAD, stroke severity, 
and insular lesion were not independently associated 
with hs-TnT ≥14 ng/L. The reported associations did not 
significantly change after adjusting for atherogenic car-
diovascular risk factors (see Additional file  1 Table III). 
After adjustment for time point of sampling, the lower 
bound of the confidence interval for atrial fibrillation was 
0.99 (see Additional file 1 Table IV).

Association of HRV with troponin elevation
In univariate analyses, SDNN index was significantly 
reduced in patients with hs-TnT ≥14 ng/L (42.2 vs. 
54.1 ms, p = 0.008, OR 0.970; 95% CI 0.949–0.0992, see 
Table  1 and Additional file  1 Table V). However, this 
association became non-significant after adjustment for 
age (OR 0.982; 95% CI 0.960–1.005, see Additional file 1 
Table V). We found no association of SDNN, RMSSD, 
and SDANN with hs-TnT ≥14 ng/L.

Discussion
Our study reports determinants associated with elevated 
baseline troponin levels in a cohort of patients with acute 
IS undergoing extensive cardiac phenotyping. Here, we 
showed that hs-TnT elevation >99th percentile is inde-
pendently associated with older age, male sex, decreas-
ing eGFR, elevated hs-CRP, and cardiac disease (systolic 
dysfunction, diastolic dysfunction in the absence of sys-
tolic dysfunction or atrial fibrillation). We did not find 
an independent association between the investigated 
HRV time domain variables and increased hs-TnT. To the 
best of our knowledge, this is the first study investigating 
the association of reduced HRV with troponin elevation 
among IS patients.

Rates of elevated hs-TnT in our study are in line with 
previous publications in IS patients applying comparable 
kits, ranging between 30 and 60% [5, 8, 28]. In accord-
ance with a previous study [8], age was independently 
associated with hs-TnT ≥14 ng/L. Reports lacking an 
association of age with increased troponin investigated 
either other assays (troponin I) [9–11] or a higher URL 
of hs-TnT [12]. Importantly, the definition of the upper 
99th percentile used in this study (≥14 ng/L) is based on 
the assay’s validation study on a population of apparently 
healthy volunteers and blood donors (mean age 44 years, 
range 20–71 years) [25]. It is unclear, how well this URL 
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applies to a general elderly population. A large popu-
lation-based study (n = 19,501, age range 18–98 years) 
reported an URL for hs-TnT as high as 47.1 and 38.6 ng/L 
for men and women ≥70 years, even after exclusion 
of individuals with known cardiovascular disease [29]. 
While increasing troponin levels may indeed reflect 
subclinical myocardial injury in the elderly [30], caution 
is needed when interpreting the results of routine tro-
ponin testing in this population. The association of male 
sex with increased troponin in our cohort differs from 
a previous report on IS patients, probably explained by 

the use of a different kit with a different URL [9], but is 
in line with previous studies from the general population 
[29, 31]. This finding might be explained by a higher left 
ventricular mass in men, even after adjustment for body 
surface area [32].

We found a strong correlation of eGFR with hs-TnT 
≥14 ng/L, in line with previous reports [8, 12]. Troponin 
appears to be catabolized in tissues with high metabolic 
rate, such as the kidney, and thus impaired clearance may 
lead to a higher baseline levels [1]. Importantly, experi-
mental evidence suggests that renal clearance dominates 

Table 1 Characterization of Study Population defined by troponin elevation after ischemic stroke

NIHSS National Institutes of Health Stroke Scale, eGFR estimated glomerular filtration rate, SD standard deviation, h hour. †Available for 196 patients

All Patients
(n = 543)

Patients with high-
sensitive Troponin 
T ≥ 14 ng/L
(n = 203)

Patients with high-
sensitive Troponin 
T < 14 ng/L
(n = 340)

p-value

Demographics

Age (y), mean (SD) 68.5 (13.5) 76.3 (10.8) 63.8 (12.9) < 0.001

Male sex, n (%) 337 (62.1) 132 (65.0) 205 (60.3) 0.272

Risk factors

Atrial fibrillation, n (%) 128 (23.6) 87 (42.9) 41 (12.1) < 0.001

Hypertension, n (%) 404 (75.0) 182 (90.5) 222 (65.6) < 0.001

Diabetes mellitus, n (%) 109 (20.5) 54 (27.3) 55 (16.4) 0.003

Coronary artery disease, n (%) 91 (17.1) 51 (25.8) 40 (12.0) < 0.001

Hyperlipidemia, n (%) 150 (27.6) 55 (27.1) 95 (27.9) < 0.000

Clinically overt heart failure, n (%) 31 (6.0) 21 (11.4) 11 (3.4) < 0.001

Cardiac dysfunction

Systolic dysfunction, n (%) 53 (10.4) 33 (17.8) 20 (6.2) < 0.001

Diastolic dysfunction, n (%) 117 (24.5) 71 (42.0) 46 (14.9) < 0.001

Index event

NIHSS, median (quartiles) 3 (1–5) 3 (2–6) 3 (1–5) 0.004

Insular stroke, n (%) 71 (13.1) 31 (15.3) 40 (11.7) 0.241

Etiology < 0.001

Large artery atherosclerosis, n (%) 68 (12.5) 24 (11.8) 44 (12.9)

Cardioembolic, n (%) 161 (29.7) 86 (42.4) 75 (22.1)

Small artery occlusion, n (%) 76 (14.0) 24 (11.8) 52 (15.3)

Other defined cause, n (%) 19 (3.5) 2 (1.0) 13/340 (3.8)

Undefined, n (%) 219 (40.3) 67 (33.0) 152 (44.7)

eGFR (mL/min/1.73  m2), mean (SD) 83.7 (19.5) 73.1 (21.4) 90 (15.2) < 0.001

eGFR < 60 mL/min/1.73  m2, n (%) 68 (12.5) 56 (27.6) 12 (3.5) < 0.001

High-sensitivity Troponin T (ng/L), median (quartiles) 10.9 (5.5–20.8) 25.3 (18.8–44.1) 6.75 (4.99–10.2)

High-sensitivity C-reactive protein (mg/dL), median (quartiles) 0.26 (0.11–0.79) 0.52 (0.20–1.47) 0.17 (0.08–0.48) < 0.001

Heart rate variability†

Heart rate, mean (SD)† 69.5 (10.6) 71.7 (10.5) 69.0 (10.5) 0.138

SDNN (ms), mean (SD)† 112.9 (36.9) 106.6 (42.5) 114.6 (35.1) 0.265

RMSSD (ms), mean (SD)† 28.0 (14.7) 27.3 (17.1) 28.2 (14.1) 0.751

SDNN Index (ms), mean (SD)† 49.1 (19.0) 42.2 (18.4) 54. 1 (43.2) 0.008

SDANN (ms), mean (SD)† 97.3 (35.9) 95.1 (41.6) 97.9 (34.5) 0.656

Beginn Holter record (h after symptoms onset), median (quartiles)† 32 (20–53) 38 (21.5–57.5) 30.5 (18.3–52.8) 0.446
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at low levels of troponin T (e.g. patients with chronic 
cardiac disease) [33]. This might explain the lack of asso-
ciation of increased Troponin I with eGFR in other stud-
ies using higher upper reference limits (40 ng/L [9] and 
200 ng/L [3]).

We found an association of both systolic and dias-
tolic dysfunction with increased hs-TnT. Comparabil-
ity with previous studies is limited, since most studies 
lacked structural and functional cardiac investigation 
[3, 5, 8, 11], excluded patients with systolic dysfunction 
[10], or echocardiographic data was available for < 60% 
of the population [9]. In previous reports, heart failure 
was frequently associated with increased troponin levels 
[8, 9]. However, the majority of IS patients with systolic 
or diastolic dysfunction are asymptomatic and there-
fore do not fulfill heart failure criteria [17]. Thus, the 
sole adjustment for heart failure, either self-reported or 
from medical records, insufficiently depicts the extent of 
existing cardiac dysfunction among IS patients. Possible 
explanations for the association of systolic dysfunction 
and troponin elevation are manifold. We have previously 
reported an association between pre-stroke CAD and 
systolic dysfunction [17]. Thus, both systolic dysfunc-
tion and troponin elevation might be correlates of previ-
ous myocardial ischemia. CAD is highly prevalent in IS 
patients [34] and approximately 3.5% of them will suffer 
an acute myocardial infarction during the index hospital-
ization [4]. However, only a quarter of IS patients under-
going coronary angiography presents a coronary culprit 
lesion [35] and troponin elevation is associated with poor 
prognosis even after exclusion of concurrent myocardial 

infarction [4]. We were not able to find an association of 
previous CAD with elevated troponin levels and < 40% 
of patients with systolic dysfunction in our cohort had 
a previous history of CAD [17]. Troponin elevation may 
also reflect a subclinical myocardial infarction occur-
ring shortly before or after symptoms onset. In addition, 
experimental evidence suggests that IS might induce 
systolic dysfunction [36, 37]. Thus, systolic dysfunc-
tion and elevated troponin may be correlates of ongoing 
neurogenic myocardial injury. Alternatively, circulating 
troponin might indicate ongoing fibrosis in patients with-
out known cardiac disease [31], which might explain the 
association of troponin (even <99th percentile) with sys-
tolic dysfunction in the general population [31]. Fibrosis 
is also involved in the development of diastolic dysfunc-
tion [38] and might explain the association we observed.

Nearly all patients with atrial fibrillation have detect-
able troponin levels and increasing values are associated 
with increasing risk of stroke [39]. Thus, IS patients might 
have increased troponin level at baseline correlating with 
increased baseline stroke risk. Furthermore, troponin 
release could be related to rapid ventricular response or 
the mechanical effects of fibrillation on the atria [40]. 
Further, atrial fibrillation may lead to coronary macro or 
microembolism, although this phenomenon seems to be 
rare [41]. This association barely missed statistical signifi-
cance after adjustment for time point of blood sampling, 
thus suggests a potential role of time point of sampling 
and with the presence of elevated troponin after ischemic 
stroke.

Only one study has previously reported an associa-
tion of an inflammation marker (tumor necrosis factor 
alpha) with troponin elevation [11], although its mod-
est sample size and lack of adjustment for relevant con-
founders are major limitations. The association of the 
inflammation marker hs-CRP with increased troponin 
levels could reflect a pro-inflammatory state associated 
with traditional cardiovascular risk factors [42]. However, 
this association remained significant after adjustment 
for atherogenic cardiovascular risk factors. Alternatively, 
it could represent a stroke-induced immune response, 
which in an experimental study was associated with the 
development of systolic dysfunction [37].

Autonomic dysfunction with sympathetic overweight is 
another proposed mechanism to explain troponin eleva-
tion in IS patients [3]. We are aware of only one study 
investigating this hypothesis at the mechanistic level, 
showing an independent association of epinephrine (not 
norepinephrine) levels with increased troponin [3]. How-
ever, plasma epinephrine probably better reflects the 
adrenomedullary hormonal than the sympathetic noradr-
energic system activation (reflected by plasma norepi-
nephrine) [13]. Furthermore, epinephrine levels increase 

Table 2 Determinants of elevated troponin levels in patients 
with ischemic stroke in multivariable logistic regression analysis

OR odds ratio. CI confidence interval, NIHSS: National Institutes of Health Stroke 
Scale

Multivariable Logistic 
Regression
OR (95% CI)

Age, per year 1.05 (1.02–1.08)

Male sex 2.65 (1.54–4.58)

Systolic dysfunction 2.79 (1.22–6.37)

Diastolic dysfunction (in absence of 
systolic dysfunction)

2.29 (1.29–4.02)

Pre-stroke history of coronary artery 
disease

1.57 (0.93–3.29)

Atrial fibrillation 2.30 (1.25–4.23)

Glomerular filtration rate, per 10 mL/
min/1.73  m2

0.71 (0.61–0.84)

NIHSS, per point 1.03 (0.96–1.11)

High-sensitive C-reactive protein, per 
log-unit

1.48 (1.22–1.79)

Insular stroke 1.26 (0.59–2.70)
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more markedly than norepinephrine to a wide range of 
stressors [13], which may limit their interpretability in 
conditions of environmental stress, such as a stroke unit. 
In our sensitivity analysis, only SDNN index was associ-
ated with elevated troponin levels in univariate analysis, 
although this association disappeared when adjusting for 
age. This finding was not unexpected, since SDNN index 
is the time domain variable most closely correlated with 
age, exhibiting a linearly declining pattern across the 
lifespan [43]. Thus, this association seems not to provide 
additional clinically relevant information.

Overall, our results suggest that troponin elevation in 
IS patients is predominantly associated with some tra-
ditional cardiovascular risk factors and symptomatic or 
asymptomatic cardiac disease. Thus, the prognostic value 
of troponin in IS patients probably reflects an increased 
baseline cardiovascular risk and may explain the incon-
sistent association of troponin with poor outcome found 
in a recent systematic review, which was more often 
non-significant when adjusted for other relevant car-
diac prognostic factors (such as cardiac comorbidities 
or biomarkers) [7]. Our data does not support an asso-
ciation between reduced HRV and troponin elevation, at 
least among younger stroke patients with relatively few 
comorbidities. However, patients with low cardiovas-
cular baseline risk represent a group where autonomic 
dysfunction could be especially important in explaining 
troponin elevation. Our data does not exclude an associa-
tion of reduced HRV with troponin elevation in individu-
als with high cardiovascular baseline risk.

Strengths and limitations
The major strength of our study is the assessment of the 
determinants of hs-TnT elevation within a large, pro-
spective study of IS patients undergoing detailed and 
standardized cardiac examination. Our study has, how-
ever, limitations. First, this analysis was not prespeci-
fied and we analyzed the determinants of hs-TnT levels 
only at baseline. Thus, we might have missed transient 
troponin elevation during the hyperacute phase. How-
ever, previous results using the same hs-TnT assay do 
not suggest a clear dynamic during the first four days 
after IS [28]. We cannot extend our results to other tro-
ponin kits, since 99th percentiles of troponin I and T 
may not be biologically equivalent [29]. Second, this 
cohort consisted of mostly mild strokes, since patients 
with severe stroke are often unable to provide informed 
consent [44] and in the absence of a legal representa-
tive their recruitment is not possible during the acute 
phase. Therefore, the conclusions might not be extrap-
olated to more severely affected patients. Nonetheless, 
the primary analysis included a significant proportion 

of patients with insular involvement, a factor that has 
been repeatedly associated with cardiac complications. 
Third, we limited the analysis of HRV data to record-
ings fulfilling strict inclusion criteria, thus resulting in a 
smaller, healthier cohort. This limits the generalizabil-
ity of our results. Further, this sensitivity analysis may 
lack power to detect subtle associations between time 
domain HRV variables and troponin elevation. Fourth, 
24-hour ECG Holter records may be more suitable for 
cardiac risk stratification than detailed physiological 
investigation, since standardization of a 24-hour record 
is challenging [45]. However, the vast majority of 
records were obtained during the stay of patients at the 
stroke unit, thus providing rather standardized envi-
ronmental conditions in terms of e.g. physical activity. 
Fifth, CAD was not systematically investigated in our 
cohort. However, previous results suggest that most IS 
patients with troponin elevation, even well above the 
99th percentile, do not present an angiographic coro-
nary culprit lesion [35]. Lastly, we do not report on 
patient’s outcomes. While a previous systematic review 
has shown that the association of troponin with poor 
functional outcome and mortality after ischemic stroke 
is mostly mediated by cardiac comorbidity [7], the 
prediction of major cardiovascular events represents 
a potentially relevant clinical application of troponin 
measurement after acute stroke [46], question that we 
will address in a separate study including a broader 
panel of cardiac biomarkers.

Conclusions
Almost a third of patients with acute IS exhibited ele-
vated troponin levels. Our data suggest that older age, 
male sex, clinical or subclinical cardiac disease, impaired 
renal function, and elevated hs-CRP are associated with 
increased troponin, while it did not support an asso-
ciation with reduced HRV. The clinical interpretation of 
elevated troponin levels must account for a broad spec-
trum of comorbidities and clinical characteristics. The 
pathophysiological relevance of autonomic dysfunction 
–especially in older, comorbid IS patients and in patients 
with severe stroke– and other markers of inflammation 
beyond hs-CRP in troponin elevation in IS patients as 
well the potential use of troponin to predict cardiovas-
cular events after acute IS must be addressed in further 
studies.
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