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Cognitive decline is a relevant medical problem after 
stroke with a high impact on quality of life.1 Until now, 

individual risk prediction of poststroke cognitive impairment 
is limited. For this purpose, cardiac troponin is a promising 
candidate biomarker for more accurate risk estimates of cog-
nitive decline.2 Higher high-sensitivity cardiac troponin T 
(hs-cTnT) was associated with incident dementia and cere-
bral small vessel disease in the general population2,3 and with 
worse cognition and faster decline in an elderly outpatient 
population.4,5 Hs-cTnT is frequently elevated after stroke and 
associated with poor long-term outcomes.6 However, little is 

known about the association between hs-cTnT and cognitive 
function over time in stroke patients.

Therefore, we aimed to determine whether hs-cTnT is 
associated with cognition after stroke at baseline and during 
3-year follow-up.

Methods

Data Availability
The data and syntax supporting our findings are available from the 
principal investigator (Dr Liman) upon reasonable request.

Background and Purpose—Our study aim was to assess whether high-sensitivity cardiac troponin T (hs-cTnT), a specific 
biomarker for myocardial injury, is associated with cognitive function in patients after mild-to-moderate first-ever 
ischemic stroke.

Methods—We used data from PROSCIS-B (Prospective Cohort With Incident Stroke Berlin). Cognitive function was assessed 
by Mini-Mental-State-Examination at baseline, and Telephone Interview for Cognitive Status–modified after 1 to 3 years 
of follow-up. Patients were categorized according to hs-cTnT quartiles. We performed generalized linear regression to 
calculate risk ratios of cognitive impairment (Mini-Mental-State-Examination <27; Telephone Interview for Cognitive 
Status–modified <32). Association of hs-cTnT with cognitive function over time was estimated using a linear mixed model.

Results—We included 555 patients (mean age, 67 years, 62% male, median National Institutes of Health Stroke Scale 2 
[interquartile range, 1–5], hs-cTnT above upper reference limit 40%, baseline cognitive impairment 28%). Baseline Mini-
Mental-State-Examination score and rate of cognitive impairment were lower in patients in the highest versus lowest hs-
cTnT quartile (median Mini-Mental-State-Examination 27 versus 29, and 15.3% versus 43.0%, adjusted risk ratio, 1.76 
[95% CI, 1.07–2.90], respectively). If anything, cognition seemed to improve in all groups, yet Telephone Interview for 
Cognitive Status–modified scores were consistently lower in patients within the highest versus lowest hs-cTnT quartile 
(adjusted β, −1.33 [95% CI, −2.65 to −0.02]), without difference in the rate of change over time.

Conclusions—In patients with mild-to-moderate first-ever ischemic stroke without dementia, higher hs-cTnT was associated 
with higher prevalence of cognitive impairment at baseline and lower Telephone Interview for Cognitive Status–modified 
during 3-year follow-up.

Registration—URL: https://www.clinicaltrials.gov; Unique identifier: NCT01363856.  
 (Stroke. 2020;51:1604-1607. DOI: 10.1161/STROKEAHA.119.028410.)
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Study Population
The PROSCIS-B (Prospective Cohort With Incident Stroke 
Berlin) dataset was used for this study. PROSCIS-B was initi-
ated in March 2010 and is described in detail elsewhere.7 In short, 
669 patients aged ≥18 years were recruited within 7 days after 
first-ever acute stroke. Baseline assessment of cognitive function 
was conducted at the local stroke unit using Mini-Mental State 
Examination (cutoff for cognitive impairment <27), and annual 
follow-up was measured by the Telephone Interview for Cognitive 
Status–modified (TICS-m, cutoff <32) using structured telephone 
interviews at 1 to 3 years.

For this substudy, we excluded patients with myocardial infarc-
tion within one month before stroke or during hospital admission 
for stroke, severely impaired kidney function (estimated glomerular 
filtration rate <30 mL/[min·1.73 m2]), severe initial stroke (National 
Institutes of Health Stroke Scale  score  ≥16), intracerebral hemor-
rhage or cerebral sinus venous thrombosis, no valid hs-cTnT meas-
urement, and baseline use of dementia medication (Anatomical 
Therapeutic Chemical code N06D), see the flowchart (Figure I in the 
Data Supplement).

Statistical Analysis
Study participants were separated into 2 groups according to base-
line hs-cTnT: ≥14 ng/L (99th percentile upper reference limit, that 
is, elevated), or <14 ng/L (reference). Furthermore, we assessed 
dose-response using quartiles of hs-cTnT, with the lowest quartile as 
reference.

All statistical analyses were performed using Stata version 14.2 
(Stata Corp, College Station, TX). Patients or their legal guard-
ians gave written informed consent before study participation. 
The study was approved by the local ethics committee. We fol-
lowed the Strengthening the Reporting of Observational Studies in 
Epidemiology guidelines.8 Detailed methods and hs-cTnT assay de-
scription can be found in the Methods in the Data Supplement.

Results
Study Population
We included 555 patients. Mean age was 67 years (SD, 13, 
range, 23–99), and 62% were male. Hs-cTnT was obtained 
at a median of 4 days (interquartile range, 3–5) after stroke. 
There were 456 patients (82.2%) with detectable hs-cTnT 

and 219 patients (39.5%) with elevated  hs-cTnT. Detailed 
demographic characteristics are provided in Tables I through 
III in the Data Supplement. Patients with elevated hs-cTnT 
were older, had worse renal function, and more comorbidi-
ties. During 3-year follow-up, 50 patients died, leading to 
103 missing TICS-m measurements (19 in year 1, 35 in year 
2, and 49 in year 3).

Hs-cTnT and Cognitive Function
Patients with elevated  hs-cTnT had lower baseline Mini-
Mental-State-Examination scores than patients with nonele-
vated hs-cTnT (Figure II and Table IV in the Data Supplement). 
Cognitive scores were lower in the higher hs-cTnT quartiles 
compared with lower quartiles (Figure, Table IV in the Data 
Supplement). Based on Mini-Mental-State-Examination, 
patients in the highest hs-cTnT quartile had a higher preva-
lence of baseline cognitive impairment (adjusted risk ratio, 
1.76 [95% CI, 1.07–2.90], Table V in the Data Supplement). 
This was less pronounced in patients with elevated hs-cTnT 
(adjusted risk ratio, 1.20 [95% CI, 0.89–1.62] Table 1). After 
1 year, the adjusted risk ratio for cognitive impairment based 
on TICS-m was 1.38 (95% CI, 1.01–1.87) for patients with 
elevated hs-cTnT (Table 1).

Hs-cTnT and Cognitive Decline
During 3-year follow-up, patients with elevated hs-cTnT 
had lower TICS-m scores than patients with nonelevated hs-
cTnT (adjusted β, −1.42 [95% CI, −2.33 to −0.51]; Table 2). 
Patients with hs-cTnT in the higher compared with the lower 
quartiles had lower TICS-m scores during 3-year follow-up 
(Table VI in the Data Supplement). TICS-m scores of all 
patients improved over time (adjusted β, 0.66 [95% CI, 0.40–
0.91]), independent from hs-cTnT levels. No distinct interac-
tion of follow-up time and hs-cTnT on cognitive function was 
observed, meaning that patients with elevated hs-cTnT did 
not show faster cognitive decline (Table  2). Similar results 
were obtained if only nondepressed patients were included 

Figure. Cognitive function at baseline by Mini-
Mental-State-Examination (MMSE). Detailed 
legend: Cognitive function measured by MMSE 
according to quartiles of high sensitivity car-
diac troponin T (hs-cTnT). Median: red line, 
mean: blue line, cutoff for cognitive impairment: 
green line. MMSE: scale 0–30; cutoff value for 
cognitive impairment: ≤26; n=544.
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and if multiple imputation was used (Tables VII and VIII in 
the Data Supplement).

Discussion
In our study, higher hs-cTnT was associated with worse cog-
nitive function at baseline and during 3-year follow-up after 
first-ever ischemic stroke. We did not observe considerable 
differences in poststroke cognitive function over time in 
any group, indicating that cognitive function after follow-up 
depended mainly on baseline cognitive performance.

Our study demonstrates that, although all groups 
improved in cognition over time, elevated hs-cTnT was as-
sociated with poorer cognitive outcome after stroke than non-
elevated hs-cTnT. Our findings expand previous observations 
that hs-cTnT is associated with worse cognitive function in 
the general population to the high-risk population of ischemic 
stroke patients.2,4 There are at least 3 potential underlying 
mechanisms to consider. First, that heart disease may lead to 
brain ischemia. This is supported by evidence that atrial fi-
brillation leads to ischemic stroke via embolism and that oral 
anticoagulation prevents cognitive decline in atrial fibrilla-
tion,9 and heart failure is linked to white matter damage.10 The 
second mechanism leads from the brain to the heart, which is 
also known as the stroke-heart syndrome, involving impaired 

autonomic cardiac function with myocardial damage after 
stroke.11 Finally, vascular risk factors may lead to damage of 
both organs simultaneously as small vessel disease.12

In contrast to studies in the general population, we did not 
find faster cognitive decline among stroke patients with el-
evated hs-cTnT.4,5 Cognitive function varied little over time 
and, therefore, seemed to be largely dependent on base-
line cognitive function. This is in line with the literature, in 
which baseline Montreal Cognitive Assessment after stroke 
was a predictor of long-term cognitive outcome.13 The lack 
of cognitive decline might be explained by the relatively short 
follow-up and comparatively mild nature of the ischemic 
stroke. Additionally, a learning effect for TICS-m could have 
interfered with measurement of cognitive decline, which is 
supported by the slight improvement in cognitive function 
observed in our study. The lack of difference in rate of change 
over time between exposure groups might be due to the little 
change in cognitive function in our cohort. However, it might 
mean that there is no differential association between hs-cTnT 
and cognitive decline over time, which would reduce potential 
usefulness of hs-cTnT as predictor for cognitive decline.

Strengths of this study include the large sample size and 
the assessment of both baseline and follow-up cognitive func-
tion. However, the following study limitations need to be 

Table 1.  Association of Dichotomous hs-cTnT With Cognitive Impairment, Baseline, and Year 1

Frequency of Cognitive 
Impairment

Model 1 Model 2 Model 3

Risk Ratio (95% CI) Risk Ratio (95% CI) Risk Ratio (95% CI)

Baseline, measured by MMSE hs-cTnT ≥14 ng/L vs  
hs-cTnT <14 ng/L

72/329 (21.9%)  
78/215 (36.3%)

1.66 (1.26–2.17) 1.25 (0.92–1.70) 1.20 (0.89–1.62)

Year 1, measured by TICS-m hs-cTnT ≥14 ng/L vs  
hs-cTnT <14 ng/L

56/228 (24.6%)  
69/141 (48.9%)

1.99 (1.50–2.65) 1.45 (1.07–1.98) 1.38 (1.01–1.87)

hs-cTnT, MMSE (scale, 0–30; cutoff for cognitive impairment: ≤26; n=544), TICS-m (scale: 0–50; cutoff for cognitive impairment: ≤31; n=369). Model 1: unadjusted. 
Model 2: adjusted for age, sex, and education. Model 3: adjusted for age, sex, education, NIHSS, BMI, current smoking, and history of myocardial infarction or coronary 
heart disease, atrial fibrillation, hypertension, hypercholesterolemia, and diabetes mellitus. For MMSE, 519 patients were included in model 2 and 506 in model 3. For 
TICS-m, 354 patients were included in model 2 and 347 in model 3. BMI indicates body mass index; hs-cTnT, high-sensitivity cardiac troponin T; MMSE, Mini-Mental 
State Examination; NIHSS, National Institutes of Health Stroke Scale; and TICS-m, Telephone Interview of Cognitive Status–modified.

Table 2.  Association of Dichotomous hs-cTnT With Cognitive Function During 3 Years of Follow-Up

 

Model 1 Model 2 Model 3

Beta (95% CI) Beta (95% CI) Beta (95% CI)

Model without 
interaction

Group effect Change in TICS-m for hs-cTnT 
≥14 ng/L vs hs-cTnT <14 ng/L

−2.73 (−3.68 to −1.78) −1.57 (−2.52 to −0.61) −1.42 (−2.33 to −0.51)

Time effect Change in TICS-m during follow-
up per year*

0.64 (0.39 to 0.89) 0.65 (0.40 to 0.90) 0.66 (0.40 to 0.91)

Model with interaction Group effect Change in TICS-m for hs-cTnT 
≥14 ng/L vs hs-cTnT <14 ng/L

−3.54 (−4.92 to −2.16) −2.34 (−3.74 to −0.93) −2.05 (−3.43 to −0.67)

Time effect Change in TICS-m during follow-
up per year*

0.49 (0.19 to 0.80) 0.51 (0.20 to 0.83) 0.54 (0.23 to 0.86)

Interaction Follow-up time in years×hs-
cTnT ≥14 ng/L

0.42 (−0.10 to 0.94) 0.39 (−0.13 to 0.92) 0.32 (−0.20 to 0.85)

hs-cTnT, TICS-m (scale: 0–50; cutoff for cognitive impairment: ≤31; n=211 with 3 cognitive tests, n=116 with 2 cognitive tests, and n=84 with 1 cognitive test during 
3-year follow-up). Model 1: unadjusted. Model 2: adjusted for age, sex, and education. Model 3: adjusted for age, sex, education, NIHSS, BMI, current smoking, and 
history of myocardial infarction or coronary heart disease, atrial fibrillation, hypertension, hypercholesterolemia, and diabetes mellitus. There are 411 patients with 1-3 
cognitive tests in Model 1, 396 in model 2, and 387 in model 3. BMI indicates body mass index; hs-cTnT, high-sensitivity cardiac troponin T; NIHSS, National Institutes 
of Health Stroke Scale; and TICS-m, Telephone Interview of Cognitive Status–modified.

*Beta represents the change in TICS-m score for each year that a patient is in follow-up after stroke.
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taken into account. A major limitation is the lack of TICS-m 
measurement at baseline, preventing us from performing a 
longitudinal analysis from baseline. Furthermore, although 
previously used in stroke patients, TICS-m has not been vali-
dated specifically in a stroke population. We included patients 
with mild-to-moderate (median National Institutes of Health 
Stroke Scale 2) first-ever ischemic stroke, which may limit the 
generalizability of our results. Prevalence of cognitive impair-
ment and elevation of hs-cTnT depend on stroke severity.1,11 
Without assessment of prestroke cognition and burden of ce-
rebral small vessel disease on brain magnetic resonance im-
aging,6 it remains unclear whether the association between 
hs-cTnT and cognition might be due to a preexisting heart-
brain disorder. Moreover, stroke can induce cardiac dysfunc-
tion, peaking within 72 hours after stroke.11 This could have 
led to acute hs-cTnT elevation of a different pathophysiolog-
ical origin than we aimed to assess. In addition, the applied 
cognitive tests were screening tests for global cognitive im-
pairment. Thus, it remains uncertain whether the observed 
associations are more pronounced in certain cognitive 
domains. Potential residual confounding cannot be excluded, 
for example, if a chronic underlying disease affects hs-cTnT 
and cognitive function. After full adjustment, we still showed 
differences regarding cognitive function based on hs-cTnT. 
The lack of difference between patients with and without any 
TICS-m measurements suggests a low risk of bias through 
missing data and selective loss to follow-up.

In conclusion, based on our results, elevated hs-cTnT is 
associated with worse cognitive function at baseline and dur-
ing 3-year follow-up in patients with mild-to-moderate first-
ever ischemic stroke. Further research is needed to investigate 
whether cardiac biomarkers can be used to predict poststroke 
cognitive impairment.
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