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Background and Purpose Troponin, a marker of myocardial injury, frequently increases and is related
with poor outcome in ischemic stroke patients. However, the long-term outcome of this elevation
remains uncertain. We, therefore, investigated the prognostic significance of troponin elevation for
long-term mortality, and explored factors affecting troponin elevation after ischemic stroke.
Methods We retrospectively analyzed the medical data of stroke patients who were admitted
within 24 hours of symptom onset and underwent a serum cardiac troponin I test at admission
during a five-year period. Information on mortality as the outcome was obtained from the National
Death Certificate system.
Results A total of 1,692 patients were eligible for inclusion with 33 months of median follow-up.
Troponin elevation that exceeded the 99th percentile (>0.04 ng/mL) of values was detected in 166
patients (9.8%). After adjusting for baseline characteristics, troponin elevation was associated with
previous ischemic heart disease and congestive heart failure, comorbid atrial fibrillation and active
cancer, and increased National Institutes of Health Stroke Scale score. Patients with troponin elevation
had a high risk of overall death (hazard ratio [HR] 1.83, 95% confidence interval [CI] 1.40–2.40),
including stroke-related (HR 1.71, 95% CI 1.14–2.55), cardiac-related (HR 3.17, 95% CI 1.49–6.74),
and cancer-related (HR 1.98, 95% CI 1.14–3.45) death than those without troponin elevation.
Conclusions Troponin elevation in the acute stage of ischemic stroke was associated with long-term
mortality, mainly due to increased stroke- and cancer-related death in the first year and cardiacrelated death in the later period.
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Introduction
Cardiac troponins are sensitive and specific biomarkers of cardiac injury; thus, elevated level of troponin is widely used for
the diagnosis of acute myocardial infarction,1 risk stratification

of future cardiovascular events for patients with coronary disease or stable angina, and even in apparently healthy individuals.2 Furthermore, currently, troponin elevation has also been
frequently observed in patients with ischemic stroke3,4 and related with increased risk of death or disability and both in
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these patients.5
However, the pathomechanism of troponin elevation in ischemic stroke patients is still controversial, whether it is due to the
concomitant cardiac3,6 or neurological7,8 problems or others.9 In
addition, the evaluation of clinical impact of troponin elevation
was limited to a short-term period within 1 year after stroke;
thus, the prognostic value of troponin elevation in ischemic
stroke patients for a long-term survival has not been fully explained.
Therefore, we aimed to assess the determinants of troponin
elevation and investigate the long-term mortality and cause of
death on the basis of the elevation of cardiac troponin I in patients at the acute stage of ischemic stroke. In addition, we reconfirmed the long-term prognostic value of troponin elevation
using a different cut-off point for the definition of troponin elevation based on tertiles of a detectable troponin I instead of
the standard cut-off point (e.g., the 99th percentile of troponin) and in subgroups according to the presumable etiologies
of ischemic stroke.

Methods
Study population
We conducted a retrospective analysis of prospectively registered patients with acute stage of ischemic stroke who were
consecutively admitted to Asan Medical Center within 24
hours of symptom onset between May 2007 and December
2011 in electronic medical record. All patients underwent cardiac enzyme testing, including troponin I level, and a 12-lead
electrocardiographic (ECG) investigation at admission according to the stroke study protocols in our center, which abide by
the guidelines from 2007.10 Patients underwent additional cardiac evaluations by a cardiologist if they were suspected acute
coronary syndrome during the emergency department evaluation. After admission to the stroke center, patients were excluded if 1) they were diagnosed with acute coronary syndrome
during hospital stay; or 2) having insufficient clinical, laboratory, or ECG data.
Clinical data, including demographic characteristics, conventional risk factors for stroke, comorbidities, reperfusion therapy,
and the National Institutes of Health Stroke Scale (NIHSS)11
were obtained from the registered data. Comorbidities included
previous history of stroke, ischemic heart disease (IHD; comprising history of acute myocardial infarction, angina, percutaneous coronary intervention and coronary artery bypass grafting) and congestive heart failure (CHF; defined as having a history of cardinal manifestations and treatment for heart failure),
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and concomitant atrial fibrillation (AF; known medical history
of AF, evidence of AF on admission 12-lead ECG and newly diagnosed AF after admission), renal insufficiency (estimated glomerular filtration rate <60 mL/min/1.73 m2 at admission) and
active cancer (cancer within 6 months prior to enrollment, any
treatment for cancer within the previous 6 months, or recurrent
or metastatic cancer). Reperfusion therapy was defined as intravenous tissue plasminogen activator or intra-arterial reperfusion therapy and both.12 The pathogenesis of ischemic stroke
was classified according to the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) classification.13 The Institutional Review Board of the Asan Medical Center approved this study.

Cardiac investigation
The lower limit of detection of serum cardiac troponin I (Abbott Laboratories, Abbott Park, IL, USA: 3rd generation troponin
I assay [i.e., sensitive contemporary assay]) was 0.006 ng/mL,
and the 99th percentile of the upper reference limit of this
study was 0.04 ng/mL. Hence, significant elevation of troponin
was defined as >0.04 ng/mL based on the 99th percentile rule
as a standard cut-off point. In addition, troponin elevation was
differently defined as above the 3rd or 2nd tertile of a detectable troponin I (>0.006 ng/mL) to reconfirm the long-term
prognostic value of troponin elevation with an increased sensitivity and predictive power. A 12-lead ECG was recorded in all
patients at admission and processed using the Marquette 12SL
ECG Analysis Program (GE Healthcare, Waukesha, WI, USA).
The resultant 12-lead ECG waveforms were uploaded in digital
form and interpreted by a cardiologist according to a modified
version of the Minnesota code.14
Two-dimensional transthoracic echocardiography was conducted in patients with cardiac diseases and suspected of cardiogenic embolic or unknown etiologies of stroke. Wall motion
abnormality (WMA) was defined as wall motion score index >1
using a standard 16-segment model. Hypertrophic myocardium
(HM) was defined as left ventricular mass index >95 g/m2 for
women and >115 g/m2 for men. Reduced ejection fraction (EF)
was defined as <50%.15,16

Collection of mortality data
Follow-up information for patients was obtained using the National Death Certificate data from the Korean National Statistical Office until December 31, 2012. The official nationwide
data for death certificates produced by the Korean National
Statistical Office are updated annually and have been used in
previous studies as a reliable data source. Deaths were classified according to the International Classification of Diseases
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(ICD), Tenth Revision.17 The causes of death were classified as
stroke death (ICD code: I60-I69), cardiac cause (ICD code:
I20-I25 or I30-I52), malignancies (ICD code: C00-C96), and
other causes.

portional-hazards regression models and inverse-probability-of-treatment weighting (IPTW).18 With this technique,
weights for patients with troponin elevation were the inverse
of the 1-propensity score, and weights for patients without
troponin elevation were the inverse of the propensity score.
When applying the IPTW method, a stabilized weight was used
to maintain the same number of subjects used in the weighted
analysis as the number of original study subjects and to yield
more precise interval estimates closer to 95% coverage probabilities.19,20 The discrimination and calibration abilities of the
propensity score model were assessed using C statistics and
the Hosmer-Lemeshow test. The model was fairly calibrated
(P=0.066 by Hosmer-Lemeshow test) with reasonable discrimination (C statistics=0.696) (Supplementary Table 1). In addition
to reduce residual confounding, we investigated the predictive
value of troponin elevation for all-cause and cause-specific
mortality in different etiological subgroups (e.g., cardioembolic
and non-cardioembolic stroke subtype) after adjusting for

Statistical analysis
The characteristics of study subjects (Table 1) were compared
between those with troponin elevation and without troponin
elevation. For the comparisons, Pearson’s chi-square test, Fisher’s exact test, Student’s t-test, and Wilcoxon rank sum test
were used according to the types of variables, as appropriate.
To analyze the factors affecting troponin elevation, variables in
Table 1 (except stroke subtype) were included as potential factors in the multivariable logistic regression. Cumulative incidence rates of mortality were estimated by the Kaplan-Meier
method and compared by the log-rank test. To reduce the effect of selection bias and potential confounding, we adjusted
for differences in baseline characteristics by weighted Cox proTable 1. Characteristics of the study groups
Variable
Age (years)
Male
Heart rate (beats a minute)

Cardiac troponin I
Elevated (n=166)

P*

Non-elevated(n=1,526)

68.5±13.3

65.7±12.3

0.01

97 (58.4)

937 (61.4)

0.46

80.6±20.2

77.3±17.6

0.03

Medical history
Hypertension

112 (67.5)

964 (63.2)

0.27

Diabetes mellitus

37 (22.3)

391 (25.6)

0.35

Hyperlipidemia

34 (20.5)

352 (23.1)

0.45

Current smoking

44 (26.5)

474 (31.1)

0.23

Previous stroke

43 (25.9)

396 (26.0)

0.99

Previous ischemic heart disease

38 (22.9)

194 (12.7)

<0.01

Previous congestive heart failure

35 (21.1)

142 (9.3)

<0.01

Atrial fibrillation

70 (42.2)

409 (26.8)

<0.01

Renal insufficiency

34 (20.5)

193 (12.6)

0.01

Active cancer

26 (15.7)

63 (4.1)

<0.01

Reperfusion therapy

19 (11.4)

186 (12.2)

0.78

NIHSS score

7 [3, 14]

4 [2, 9]

<0.01

Large artery atherosclerosis

31 (18.7)

483 (31.7)

Cardiogenic embolism

74 (44.6)

420 (27.5)

9 (5.4)

361 (23.7)

Undetermined etiology

27 (16.3)

199 (13.0)

Other etiology

25 (15.1)

62 (4.1)

Comorbidities

Stroke subtypes

Small vessel disease

<0.01

Variables are presented as mean±standard deviation, median [interquartile range], or number (%).
NIHSS, National Institutes of Health stroke scale.
*P-values are calculated by Pearson chi-square test, Fisher’s exact test, Student’s t-test and Wilcoxon rank sum test as appropriate.
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hours [mean±SD], P-value=0.19 by the Student’s t-test) was
not different between patients with and without troponin elevation. Patients with troponin elevation were older and had a
more rapid heart rate, previous history of IHD and CHF, and comorbid AF, renal insufficiency and active cancer than those
without troponin elevation. In terms of stroke characteristics,
patients with troponin elevation often displayed higher NIHSS
score and more cardiogenic embolic subtypes present than
other etiologies of stroke compared with those without troponin elevation (Table 1).

baseline characteristics, with the additional inclusion of C-reactive protein (CRP) level by weighted Cox proportional hazards regression models. All reported P-values were two-sided,
and a P<0.05 was considered statistically significant. SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA), was used
for statistical analyses.

Results
Baseline characteristics
Among 1,823 patients who were admitted to the stroke center
with acute ischemic stroke within 24 hours of symptom onset,
131 patients were excluded due to the diagnosis of acute coronary syndrome (n=18) during hospitalization at the stroke
center and insufficient quality of clinical, laboratory, or ECG
data (n=113). Finally, 1,692 patients were eligible for the analysis. The mean age was 66.0±12.4 years (range, 24–96 years),
and 1,034 patients (61.1%) were male patients. The range of
serum cardiac troponin I values in all patients was
0.057±0.699 ng/mL (mean±standard deviation [SD]) with an
extremely skewed distribution to the right side because 950
patients (56.3%) had a minimum level of troponin I (0.006 ng/
mL) and 742 patients (43.7%) had a wide range of troponin I
level (from 0.007 to 25.10 ng/mL). Among 742 patients who
had a detectable troponin I (>0.006 ng/mL), the 3rd and 2nd
tertile of a detectable troponin was a 0.025 ng/mL and 0.012
ng/mL respectively (Figure 1).
Troponin elevation was identified in 166 patients (9.8%) patients, and the mean duration of time interval from the symptom onset to admission (7.7±6.6 hours [mean±SD] vs. 8.4±7.0

Factors affecting troponin elevation
A multivariable regression analysis revealed previous IHD (odds
ratio [OR] 2.35, 95% confidence interval [CI] 1.49–3.70), CHF
(OR 2.05, 95% CI 1.31–3.22), comorbid AF (OR 1.52, 95% CI
1.04–2.23), active cancer (OR 4.99, 95% CI 2.98–8.37), and increased stroke severity (1-point increase in NIHSS score; OR
1.05, 95% CI 1.02–1.08) were identified as factors affecting
troponin elevation (Supplementary Table 2).

Cause of death and prognostic value of troponin
elevation
Over a median follow-up period of 33 months (interquartile
range, 20–48 months), 331 patients (19.6%) died. Patients with
troponin elevation had a higher risk of death (46% vs. 17%)
during observation period than those without troponin elevation. Of the time-specific cause of death, stroke-related
(P<0.01) and cancer-related (P<0.01) deaths frequently occurred within 1 year after stroke, whereas cardiac-related
(P<0.01) death was predominated beyond one year after stroke
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Figure 1. Distribution of serum cardiac troponin I level and different cut-off point for the definition of troponin elevation.
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ceeding the 2nd tertile of a detectable troponin level than in
those without troponin elevation mainly due to an increased
risk of cardiac-related death. These trends persisted among the
different etiological subgroups even after adjusting for baseline
characteristics with the additional inclusion of CRP level (Supplementary Table 3).

in patients with troponin elevation than those without troponin elevation (Figure 2). The Kaplan–Meier plot for the longterm survival revealed that troponin elevation was associated
with higher mortality and incidence of stroke-, cardiac-, and
cancer-related death than those without troponin elevation
during the 6-year period (Figure 3).
As shown in Table 2, the risk of overall mortality, stroke-related, cardiac-related, and cancer-related death was significantly higher in the patients with troponin elevation than in
patients without troponin elevation using adjusted multivariable analysis using Cox regression method and IPTW method.
In addition, using a different definition of troponin elevation
based on tertiles of a detectable troponin I level, the overall
mortality was still higher in patients with a troponin level exceeding the 3rd tertile of a detectable troponin level than in
those without troponin elevation mainly due to an increased
risk of stroke- and cardiac-related death. The overall mortality
tended to be higher in the patients with a troponin level ex-

Burden of comorbidities and stroke severity in
four subgroups according to troponin level
Prevalence of comorbidities (e.g., included AF, previous IHD,
CHF, and renal insufficiency) and median NIHSS score (4 [2, 8]
and 4 [2, 8] vs. 5 [2, 10] vs. 6 [3, 14]; P<0.01 followed by
Tukey’s posthoc test) was gradually increased with increasing
levels of troponin (Figure 4).

Echocardiographic abnormalities in troponin
elevation
Among 1,692 patients, 988 patients (58.4%) performed trans-
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Figure 2. Overall cause of death in elevated and non-elevated troponin
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groups. Overall cause of death (A) and percentage of stroke-related (B),
cardiac-related (C), and cancer-related (D) death within and beyond 1 year
after stroke onset in elevated and non-elevated troponin groups. *P<0.05
using Chi-square test; †P<0.05 using Fisher’s exact test.
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Figure 3. Kaplan-Meier plots in elevated and non-elevated troponin groups. Kaplan-Meier plots of overall mortality (A) and risk of stroke-related (B), cardiac-related (C), and cancer-related (D) deaths in relation to baseline troponin levels. P-values are derived using the log-rank test.

thoracic echocardiography (Supplementary Table 4). The overall
prevalence of echocardiographic abnormalities including WMA,
and reduced EF and HM were higher in patients with troponin
elevation than those without elevation, and still higher in patients with troponin elevation than those without elevation
among patients having a previous history of IHD, CHF, or both
(Figure 5).

Discussion
This study revealed the high prognostic significance of troponin
elevation for long-term mortality in patients with acute ischemic stroke. Stroke patients with elevated troponin levels had
a higher risk of death (46% vs. 17%) than those without elevated troponin level, even after controlling for multiple factors
that might contribute to mortality. We also identified the factors affecting troponin elevation, which could explain the increased risk of stroke-, cardiac-, and cancer-related death in
patients with troponin elevation. Furthermore, even after using

https://doi.org/10.5853/jos.2016.01942

a lower cut-off point (e.g., the 3rd tertile [0.025 ng/mL] or the
2nd tertile [0.012 ng/mL] of a detectable troponin) compared
to the standard cut-off point (e.g., the 99th percentile [0.040
ng/mL]) to define troponin elevation, the overall mortality was
still higher or tended to be higher in patients with troponin elevation than in those without elevation, respectively (Table 2),
and still persisted among the different etiological subgroups
(e.g., cardioembolic and non-cardioembolic stroke subtype;
Supplementary Table 3). Traditionally, in the presence of a clinical history suggestive of acute coronary syndrome, the maximal concentration of cardiac troponin exceeding the 99th percentile of values is considered indicative of myocardial necrosis
consistent with myocardial infarction.21 However, with the
widespread use of more sensitive assays for cardiac troponin in
various populations, the proportion of patients with low-level
elevations of cardiac troponin below the 99th percentile has
increased substantially and these low-level elevations are still
associated with future adverse cardiovascular outcomes.22
Thus, our results also demonstrate that cardiac troponin values
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Table 2. Unadjusted and adjusted hazard ratios of mortality over 4.5 years in patients with troponin elevation defined by the standard cut-off point or tertiles
of a detectable troponin
Crude

Death

HR

Multivariable Cox PH model*
95% CI

HR

95% CI

Stabilized IPTW
HR

95% CI

Troponin elevation (>the 99th percentile of troponin; 0.040 ng/mL)
All-cause

3.33

2.58–4.30

1.83

1.40–2.40

2.03

1.45–2.83

Stroke-related

3.06

2.09–4.48

1.71

1.14–2.55

1.92

1.21–3.06

Cardiac-related

5.64

2.72–11.72

3.17

1.49–6.74

3.43

1.55–7.60

Cancer-related

5.04

3.08–8.25

1.98

1.14–3.45

2.25

1.19–4.25

Troponin elevation (>the 3rd tertile of a detectable troponin; 0.025 ng/mL)
All-cause

2.83

2.25–3.58

1.56

1.21–2.00

N/A

Stroke-related

2.59

1.84–3.66

1.54

1.06–2.22

N/A

Cardiac-related

4.82

2.39–9.69

2.48

1.19–5.13

N/A

Cancer-related

3.43

2.13–5.53

1.31

0.76–2.26

N/A

Troponin elevation (>the 2nd tertile of a detectable troponin; 0.012 ng/mL)
All-cause

2.00

1.61–2.48

1.22

0.97–1.53

N/A

Stroke-related

1.87

1.37–2.57

1.14

0.82–1.59

N/A

Cardiac-related

4.59

2.21–9.53

2.35

1.10–5.04

N/A

Cancer-related

1.74

1.10–2.77

0.86

0.51–1.43

N/A

PH, proportional hazards; IPTW, inverse-probability-of-treatment weighting; HR, hazard ratio; CI, confidence interval; N/A, not applicable.
*Adjustments were made for variables listed in Table 1 except for the stroke subtypes.
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Figure 4. Comorbidities and stroke severity in four subgroups according to the troponin level. Prevalence of cardiac- and non-cardiac comorbidities and median score of NIHSS in four subgroups according to the tertile ranges of a detectable troponin and non-detectable troponin. NIHSS, National Institutes of
Health stroke scale; AF, atrial fibrillation; IHD, ischemic heart disease; CHF, congestive heart failure. *P<0.05 using linear-by-linear association Chi-square
test; †P<0.05 using analysis of variance (ANOVA).

at or even below the 99th percentile have a prominent role in
the risk prediction of long-term mortality after ischemic stroke.
We showed that troponin elevation was closely associated
with increased stroke severity, leading to increased risk of
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stroke-related death, particularly within 1 year after stroke
(Figure 2B). Early mortality in stroke patients depends strongly
on the severity of stroke upon hospital admission23 and is usually related to cardioembolic stroke because of greater risk of
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Prevalence of echocardiographic abnormalities
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Figure 5. Prevalence of echocardiographic abnormalities in elevated and non-elevated troponin group. Prevalence of echocardiographic abnormalities in elevated and non-elevated troponin groups (A) and in subgroups according to the presence of a previous history of IHD, CHF, or both (B). WMA, wall motion abnormalities; EF, ejection fraction; HM, hypertrophic myocardium; IHD, ischemic heart disease; CHF, congestive heart failure. *P<0.05 by chi-square test.

baseline severity than other etiologies.24 Furthermore, previous
literature suggests that troponin elevation can be a marker of
stroke severity through the mechanism of neurally mediated
myocytolysis,25 as well as emboligenic cardiac conditions mainly related to AF.26 Therefore, troponin elevation can reflect
stroke severity at baseline and predict future risk of stroke-related death mainly due to cardioembolic stroke. Indeed, the
overall mortality in our patients with troponin elevation (46%
during the median of 33 months) was similar to the previous
results of cardioembolic stroke (40–60% of fatality rate within
5 years after ischemic stroke).27
We found that troponin elevation was also associated with a
previous history of IHD and CHF as well as concomitant AF,
leading to increased risk of cardiac-related death particularly
beyond 1-year after stroke (Figure 2C). Cardiovascular complications are responsible for 2–6% of total mortalities 3 months
after ischemic stroke;28 thus, for 1-year survivors of stroke, cardiac death is the most common cause of death during the first
5 years.29 In our study, although the rate of overall cardiac-related deaths (0.7% per year; 32 of 1,692 cardiac deaths for
median of 33 months) was rather lower than that of previous
meta-analysis (the annual risk of non-stroke vascular death;
2.2% [95% CI 1.7–2.7] in patients with ischemic stroke during
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the period of 1980 to 2005),30 the rate of cardiac-related death
in patients with troponin elevation (4.4% per year; 22 of 166
deaths) was still high despite the initial exclusion of patients
with suspicion of acute coronary syndrome. Furthermore, patients with troponin elevation had more severely deteriorated
structural/functional cardiac abnormalities diagnosed by echocardiography than those without troponin elevation even with
a previous history of IHD, CHF or both (Figure 5B). Thus, the
risk of stroke- and cardiac-related death in patients with troponin elevation could be further increased beyond known or
undetected underlying comorbidities.
Interestingly, non-vascular etiology such as cancer-related
death was also six times higher in patients with troponin elevation, particularly within 1 year after stroke (Figure 2D). Cancer is
known as one of the main causes of mortality in survivors after
stroke because the incidence of cancer increases with increasing age.31 Furthermore, cancer is a risk factor for stroke because
cancer and its treatments cause alterations in platelet, coagulation, and endothelial functions, which in turn can lead to
thrombosis or hemorrhage.32 Although available data are scarce,
several studies have shown that the troponin elevation or myocardial strain measured by echocardiography correlates with the
risk of high-dose chemotherapy-induced cardiotoxicity.33 Thus,

http://j-stroke.org

319

Ahn, et al. Outcomes in Stroke Patients with Troponin Elevation

future studies are required to focus on the cellular level of
myocytic damage and discriminate whether those elevations
are due to chemotherapy (e.g., type and duration of treatment)
or cancer itself (e.g., type and stage of cancer and the presence
of metastasis or hypercoagulable state).34
Although our findings show that troponin elevation can indicate various vascular and non-vascular problems and consequently predict future vascular and non-vascular death, the
clinical value of measuring troponin is still limited due to an
additional diagnostic challenge to discriminate various conditions for troponin elevation.35 Currently, we proposed a concept
that synergistic effect on troponin elevation in a combination
of the cardiac vulnerability (e.g., hypertrophic or damaged
myocardium by ischemia, and possibly tachycardia) to cerebrogenic stress (e.g., by severe neurological deficits or insular cortical lesion) could be a practical interpretation of troponin elevation in stroke patients.36 In our study, the median score of
NIHSS and prevalence of comorbidities (e.g., mainly due to a
gradual increase in cardiac-comorbidities including AF, IHD,
and CHF) was gradually increased in a dose-dependent manner
with increase in four levels of troponin (Figure 4). Therefore, for
the prediction of cardiac-related death, the cut-off point for
troponin level could be lowered below the 99th percentile because of the gradual increase in cardiac vulnerability in parallel
with a gradual increase in troponin from the very low-level elevations. Otherwise, for the prediction of stroke- or cancer-related death, the 99th percentile of troponin would be an appropriate cut-off value because of the additive neurogenic
stress on vulnerable cardiac status or additional myocardial
damage/dysfunction induced by cancer- or chemotherapy-related insult, which usually leads to further increase in the troponin level compared to isolated cardiac disease.
There are some limitations of our study. First, the design of
the study was retrospective, and the study was performed at a
single center. Second, we could not show non-fatal major adverse cardiac events because we reconfirmed the rate of longterm mortality using the data obtained from the National
Death Certificate system for the investigation of precise rate of
mortality. Third, we were unable to perform intensive cardiac
investigations comprising serial troponin and ECG testing and
coronary angiography. Thus, we could not identify the patients
with subclinical cardiac events like as non-ST segment elevation myocardial infarction or stress-induced cardiomyopathy
during hospitalization leading to underestimation of the frequency of troponin elevation and cardiac comorbidities. Thus,
we are currently conducting a prospective observational study
with serial troponin and ECG tests (for detection of newly de-
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veloped cardiac events), and serum B-type natriuretic peptide
(e.g., BNP for identifying heart failure) and D-dimer/Fibrinogen
(for identifying cancer activity) in acute ischemic stroke patients (Clinical implications of elevated cardiac troponin-I elevation in acute stroke patients; KCT0000682; https://cris.nih.
go.kr/cris). Future studies should focus on adjusting for covariables with possible impact on vascular or cancer-related mortality including other laboratory parameters and detailed information of cancer state to reduce possible confounding effects.

Conclusions
Troponin elevation in ischemic stroke was prevalent and associated with long-term mortality independent of other known
risk factors. The etiology of troponin elevation and the cause of
death in stroke patients with troponin elevation were correlated; this could explain the reasons for increased risk of strokeand cancer-related death in the first year and cardiac-related
death in the later period. Furthermore, even after using a lower
cut-off value to define troponin elevation compared to the
standard value, the overall mortality was higher in patients
with troponin elevation than in those without elevation. Thus,
the measurement of troponin level could be helpful in patients
with stroke for identifying the underlying cardiac and non-cardiac problems and useful for risk estimation for long-term
mortality during the post-stroke period.
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Supplementary Table 1. Baseline characteristics of imbalance check result after stabilized IPTW
Variable

After stabilized IPTW cardiac troponin I
Elevated

Non-elevated

P*

Age (years)

65.6±14.7

66.0±12.3

0.78

Male

103 (62.7)

934 (61.1)

0.73

Heart rate (beats a minute)

79.3±18.6

77.7±18.0

0.34

106 (64.7)

973 (63.7)

0.83

Diabetes mellitus

38 (23.5)

385 (25.2)

0.68

Hyperlipidemia

38 (23.3)

349 (22.8)

0.91

Current smoking

54 (33.2)

467 (30.6)

0.56

Previous stroke

45 (27.5)

398 (26.0)

0.74

Previous ischemic heart disease

22 (13.2)

210 (13.7)

0.83

Previous congestive heart failure

19 (11.5)

162 (10.6)

0.70

Atrial fibrillation

47 (29.0)

435 (28.4)

0.88

Renal insufficiency

23 (14.2)

206 (13.5)

0.80

Active cancer

11 (7.0)

99 (6.4)

0.74

Reperfusion therapy

24 (15.0)

185 (12.1)

0.43

NIHSS score

6.2±6.1

6.4±6.1

0.80

Medical history
Hypertension

Comorbidities

Values are presented mean±standard deviation, or number (%).
IPTW, inverse-probability-of-treatment weighting; NIHSS, National Institutes of Health stroke scale.
*P-values are calculated by generalized estimating equation method.
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Supplementary Table 2. Factors affecting troponin elevation
Variables

Unadjusted
OR

Adjusted*
95% CI

OR

95% CI

Age, per 1-year increase

1.02

1.01–1.03

1.01

0.99–1.02

Male

0.88

0.64–1.22

1.01

0.69–1.49

Heart rate, per 10-beats increase

1.10

1.01–1.20

1.09

1.00–1.18

Hypertension

1.21

0.86–1.70

1.15

0.78–1.67

Diabetes mellitus

0.83

0.57–1.22

0.80

0.53–1.21

Hyperlipidemia

0.86

0.58–1.28

0.72

0.46–1.12

Current smoking

0.80

0.56–1.15

1.04

0.68–1.61

Previous stroke

1.00

0.69–1.44

0.88

0.59–1.30

Previous ischemic heart disease

2.04

1.38–3.02

2.35

1.49–3.70

Previous congestive heart failure

2.60

1.73–3.93

2.05

1.31–3.22

Atrial fibrillation

1.99

1.43–2.77

1.52

1.04–2.23

Renal insufficiency

1.78

1.19–2.67

1.31

0.83–2.07

Active cancer

4.31

2.65–7.03

4.99

2.98–8.37

Reperfusion therapy

0.93

0.56–1.54

0.63

0.37–1.08

NIHSS score, per 1-point increase

1.06

1.04–1.09

1.05

1.02–1.08

OR, odds ratio; CI, confidence interval; NIHSS, National Institutes of Health Stroke Scale.
*Adjustments were made for variables listed in Table 1 except for the stroke subtypes.
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Supplementary Table 3. Unadjusted and adjusted hazard ratios of mortality over 4.5 years in patients with troponin elevation defined by the standard cutoff point or tertiles of a detectable troponin according to the presumed etiologies of stroke
Classified into the presumed etiologies of stroke
Stroke due to cardioembolic causes

Death

Crude
HR

Stroke due to non-cardioembolic causes

Multivariable Cox PH model*
95% CI

HR

Crude

Multivariable Cox PH model*

95% CI

HR

95% CI

HR

95% CI

Troponin elevation (>the 99 percentile of troponin; 0.040 ng/mL)
All-cause

1.81

1.22–2.69

1.86

1.23–2.80

4.62

3.29–6.47

1.83

1.25–2.68

Stroke-related
Cardiac-related

1.57

0.91–2.73

1.42

0.78–2.57

4.72

2.82–7.92

2.31

1.28–4.15

3.44

1.52–7.79

3.90

1.62–9.38

6.15

1.19–31.78

4.55

0.68–30.25

Cancer-related

1.78

0.37–8.59

6.24

0.68–55.78

7.18

4.26–12.10

1.72

0.95–3.12

Troponin elevation (>the 3rd tertile of a detectable troponin; 0.025 ng/mL)
All-cause

2.09

1.15–3.02

2.08

1.42–3.06

4.20

3.02–5.85

1.61

1.09–2.38

Stroke-related

1.93

1.17–3.18

1.79

1.05–3.07

4.22

2.54–7.01

2.26

1.27–4.02

Cardiac-related

3.47

1.56–7.73

3.72

1.58–8.79

5.17

1.00–26.69

3.92

0.60–25.63

Cancer-related

1.51

0.31–7.30

2.69

0.31–23.38

6.07

3.60–10.22

1.31

0.72–2.39

Troponin elevation (>the 2nd tertile of a detectable troponin; 0.012 ng/mL)
All-cause

1.47

1.05–2.05

1.21

0.85–1.71

2.12

1.59–2.83

1.20

0.88–1.64

Stroke-related

1.75

1.08–2.81

1.31

0.83–2.04

2.06

1.32–3.23

1.38

0.86–2.24

Cardiac-related

3.23

1.39–7.51

2.28

0.93–5.57

3.86

0.86–17.24

4.06

0.78–21.22

Cancer-related

0.62

0.15–2.53

0.28

0.04–1.89

2.26

1.38–3.69

0.89

0.51–1.54

HR, hazard ratio; CI, confidence interval.
*Adjustments were made for variables listed in Table 1 except for the stroke subtypes, and level of C-reactive protein was additionally included into the model.
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Supplementary Table 4. Comparison of clinical variables between patients with or without echocardiography
Variable

Echocardiography
Performed (n=988)

Not-performed (n=704)

P*

Troponin elevation

108 (10.9)

58 (8.2)

0.07

Age (years)

65.8±12.5

65.8±12.5

0.49

Male

607 (61.4)

427 (60.7)

0.74

Heart rate (beats a minute)

76.8±17.6

78.8±18.4

0.03

Medical history
Hypertension

612 (61.9)

464 (65.9)

0.10

Diabetes mellitus

249 (25.2)

179 (25.4)

0.92

Hyperlipidemia

230 (23.3)

156 (22.2)

0.59

Current smoking

295 (29.9)

223 (31.7)

0.42

Previous stroke

235 (23.8)

204 (29.0)

0.02

Comorbidities
Previous ischemic heart disease

177 (17.9)

55 (7.8)

<0.01

Previous congestive heart failure

419 (15.1)

28 (4.0)

<0.01

Atrial fibrillation

377 (38.2)

102 (14.5)

<0.01

Renal insufficiency

140 (14.2)

87 (12.4)

0.28

62 (6.3)

27 (3.8)

0.03

153 (15.5)

52 (7.4)

<0.01

5 [2, 10]

4 [2, 8]

0.15

Large artery atherosclerosis

286 (28.9)

229 (32.5)

Cardiogenic embolism

398 (40.3)

96 (13.6)

Small vessel disease

114 (11.5)

256 (36.4)

Undetermined etiology

140 (14.2)

86 (12.2)

50 (5.1)

37 (5.3)

Active cancer
Reperfusion therapy
NIHSS score
Stroke subtypes

Other etiology

<0.01

Values are presented as mean±standard deviation, median [interquartile range] or number (%).
NIHSS, National Institutes of Health Stroke Scale.
*P-values are calculated by Pearson chi-square test or Student’s t-test as appropriate.
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