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Abstract

Introduction Cardiac troponin (hs-cTnT) is a sensitive marker of myocardial injury and has been linked to incident demen-
tia. The underlying mechanism of that observation is still unknown. Given that severity of cerebral small vessel disease is a
predictor of cognitive decline, we aimed to explore whether there is an association between hs-cTnT and severity of white
matter lesions (WML) as a marker of cerebral small vessel disease in patients with ischemic stroke.

Methods We analyzed consecutive acute ischemic stroke patients admitted to Charité-University Hospital, Berlin from 2011
to 2013. Severity of WML was graded on 3T-MRI using the age-related white matter severity score (ARWMS). Patients with
hs-cTnT elevation suggestive of acute coronary syndrome (ACS) were excluded (hs-cTnT > 52 ng/l or dynamic change of
hs-cTnT > 50%, ESC guideline). We performed unadjusted and adjusted quantile regression models to assess the association
between increased hs-cTnT (dichotomized at the 99th percentile, 14 ng/l) and severity of WML.

Results A total of 860 patients was analyzed (median age 73 years, 44.8% female, median ARWMS 6). Patients with elevated
hs-cTnT had more extensive WML than those without (median ARWMS 8 vs. 5, adjusted beta for 50th percentile 1.12, 95%
CI10.41-1.84). The association between WML and hs-cTnT elevation was strongest in patients with severe WML (adjusted
beta 1.77, 95% CI 0.26-3.27 for 80th WML percentile).

Conclusion Elevated hs-cTnT levels were associated with extent of WML in acute stroke patients. Further studies are needed
to assess whether hs-cTnT can be used to identify stroke patients at risk for cognitive decline.
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Introduction

Cardiac troponins are well-established biomarkers that
are highly sensitive and specific of myocardial damage
[1]. With the development of high-sensitivity assays (hs-
cTnT), it has now become possible to measure lower tro-
ponin levels more accurately and detect myocardial injury
at an earlier stage [2]. Studies suggest that higher levels of
hs-cTnT are associated with poorer performance in cogni-
tive tests as well as increased risk of hospitalization with
diagnosed dementia during long-term follow-up [3, 4].
This highlights the notion that there may be a connection
between subclinical cardiac dysfunction and (subclinical)
brain injury.

The degree of subclinical brain injury may be evaluated
by performing brain imaging and assessing white matter
lesions (WML). WML are a common finding on brain
images of older adults [5] and their severity is linked to
the degree of cerebral small vessel disease [6]. WML are
associated with poorer performance in cognitive tests as
well as cortical atrophy [7, 8]. Longitudinal studies have
shown a link between WML progression and cognitive
decline [9, 10]. In stroke patients, higher degree of WML
at the time of the event is associated with poorer cognitive
and functional outcome 1 year thereafter [11, 12]. The
exact mechanism of how WML evolve is yet to be eluci-
dated, however, their presence and severity are linked to
traditional cardiovascular risk factors, such as age, hyper-
tension and cardiac conditions like atrial fibrillation, left
ventricular hypertrophy or low cardiac output [13, 14].

Stroke patients represent a high-risk population for the
development of cognitive impairment or dementia [15]
and cardiac comorbidity is common [16]. Thus, the aim
of our study was to assess whether there is an association
between hs-cTnT as a marker of subclinical myocardial
injury and WML in cerebral MRI as a marker of subclini-
cal brain injury in these patients. We hypothesized that
stroke patients with evidence of subclinical myocardial
injury (i.e. elevated hs-cTnT) would have more severe
WML on cerebral MRI than those with normal hs-cTnT.

Methods
Study population

This cross-sectional study includes patients from the
screening list for the TRELAS study cohort. The proto-
col of the TRELAS study was published before [17]. In
short, the aim of the TRELAS study was to determine
the frequency of hs-cTnT elevation in patients with acute
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ischemic stroke, as well as the frequency of culprit lesions
in the coronary angiogram. All patients that were included
in the TRELAS study underwent coronary angiography. In
a matched-pair approach the frequency of coronary cul-
prit lesions in stroke patients with hs-cTnT > 50 ng/l was
compared with the frequency of coronary culprit lesions in
patients with non-ST elevation acute coronary syndrome.
Acute ischemic stroke was defined as acute neurological
deficit with onset <72 h prior to admission and had to
be confirmed by cerebral imaging (CT or MRI). To iden-
tify suitable patients, a prospective screening list was run
that included all consecutive patients with acute ischemic
stroke admitted to the Department of Neurology of the
Charité-University Hospital, Campus Benjamin Franklin
(CBF), Berlin between February 2011 and December 2013
(n=2046) (NCT01263964).

Information on patients’ previous medical history and
medication including established risk factors for white mat-
ter lesions was acquired from medical records. Baseline
characteristics included age, sex, history of hypertension,
hyperlipidemia, coronary artery disease, atrial fibrillation,
heart failure, diabetes, previous history of stroke and smok-
ing status. Cognitive status of patients prior to or after the
event was not systematically obtained. Figure 1 displays
a detailed algorithm for inclusion and exclusion from this
analysis. For this study, we evaluated data of patients who
underwent cerebral MRI (n=1479) as this allows a more
accurate and comparable assessment of white matter lesion
severity than CT imaging (see below). Patients with a
diagnosis of the transient ischemic attack were excluded.
In accordance with the diagnostic algorithm for suspected
acute coronary syndrome provided by the European Society
of Cardiology [1], patients with dynamic change of troponin
values > 50% or a troponin value > 52 ng/l (rule-in cut-off
to suspect myocardial infarction) in any measurement were
excluded (n =244). In addition, we excluded patients with a
single measurement of troponin (n=2375). These exclusion
criteria were applied because acute elevations of cardiac tro-
ponins are common in acute ischemic stroke [18] and might
indicate acute myocardial injury. No patient included in this
analysis had a diagnosis of acute myocardial infarction.

Neuroimaging

Participants underwent cerebral imaging using a 3T MRI
(Trim Trio, Siemens AG, Erlangen, Germany). The pro-
tocol included T2%*, diffusion-weighted imaging (DWI),
time-of-flight MR angiography (TOF-MRA), fluid-atten-
uated inversion recovery (FLAIR) and perfusion imag-
ing (PI). The assessment of imaging data was performed
by trained neurologists or neuroradiologists irrespec-
tive of our particular research question. White matter
lesion severity was routinely graded on FLAIR using the
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All consecutive stroke patients admitted to CBF
between 02/2011 and 12/2013, stroke confirmed
by cerebral imaging (n=2046)

A

onset of symptoms < 72h prior to admission
(n=2040)

A
patients with cMRI (n=1479)

A

patients with available data on WML and serial
troponin measurements (n=1104)

A

patients with hs-cTnT < 52 ng/l and no dynamic
change of hs-cTnT (n=860)

A A

hs-cTnT below URL hs-cTnT above URL
(i.e. < 14 ng/l) (n=584) (i.e. 2 14 ng/l) (n=276)

4 4
hs-cTnT hs-cTnT 19- hs-cTnT
14-18 ng/I 26 ng/l 27-52 ng/l
(n=95) (n=95) (n=86)

Fig.1 algorithm for inclusion/exclusion and comparison groups.
CBF Charité Benjamin Franklin hospital, ¢cMRI cerebral magnetic
resonance imaging, WML white matter lesions, hs-cTnT high-sensi-
tivity cardiac troponin T, URL upper reference limit

age-related white matter severity score (ARWMS) [19].
To determine the score, five regions of the brain were
examined with regard to white matter lesions: frontal,
parieto-occipital, temporal, infratentorial and basal gan-
glia. Right and left hemisphere were assessed separately.
Severity of white matter lesions was graded on a scale
from O (no lesions) to 3 (confluent lesions) per brain
region and side resulting in an individual score ranging
from O to 30 [19]. Acute infarcts were not included in the
rating. A score > 10 is considered as severe cerebral white
matter damage.

Blood tests

cTnT levels were measured using a high-sensitivity Tro-
ponin T assay (Roche Elecsys Troponin Ths, Mannheim,
Germany). This test has a cut-off at 14 ng/L as its upper ref-
erence limit (based on the 99th percentile of a healthy popu-
lation), and a limit of detection at 3 ng/l. Actual hs-cTnT
values below the upper reference limit were not provided
by the laboratory until March 2013. All patients included in
the analysis underwent serial hs-cTnT measurements: Initial
hs-cTnT values were obtained on admission and subsequent
values on the following day. Creatinine values were meas-
ured on admission and were used to estimate the glomeru-
lar filtration rate (eGFR) using the Chronic Kidney Disease
Epidemiology Collaboration equation [20].

Statistical analysis

Univariate analyses of associations between WML and
baseline characteristics were performed using Mann—Whit-
ney U test for binominal and Pearson correlation analysis
for continuous variables. To determine the relationship
between hs-cTnT and WML, we conducted quantile regres-
sion analysis according to three different models. After run-
ning an unadjusted model, we included age (continuous)
and sex (dichotomous) as covariates. In the third model, we
additionally adjusted for atrial fibrillation (dichotomous),
coronary artery disease (dichotomous), diabetes mellitus
(dichotomous), smoking status (dichotomous), heart failure
(dichotomous), hypertension (dichotomous), hyperlipidemia
(dichotomous) and previous history of stroke (dichotomous).

In contrast to linear regression analysis, quantile regres-
sion can compare medians rather than means, which makes
the results more robust to outliers [21]. This approach also
allows to model different quantiles of the dependent vari-
able, e.g. 80th percentile. That way, it is possible to inves-
tigate the association between hs-cTnT in relation to both
the lower and upper parts of the WML distribution. For this
study, we chose to perform a median quantile regression
analysis, as well as quantile regression analysis for quintiles
of WML (i.e. 20th, 40th, 60th and 80th percentile). Other
than that, the regression coefficients indicate the effects of
the covariate on the cut-offs of the respective quantiles of
the dependent variable, adjusted for potential covariates, just
like in any other regression model.

We used two different approaches to model hs-cTnT lev-
els as measured on admission:

The first approach dichotomizes hs-cTnT into either
“normal” (< 14 ng/l) or “elevated” (> 14 ng/l). In a sec-
ond approach, we categorized those with elevated hs-cTnT
according to tertiles, thus creating four groups (i.e. < 14 ng/l
(reference group), 14-18 ng/l, 19-26 ng/l and 27-52 ng/l) to
assess the presence of dose dependency. The reference group
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for all analyses consisted of patients with normal hs-cTnT ~ conducted at a 0.05 significance level. We made no adjust-
(<14 ng/L). ment for multiple comparisons.
We performed quantile regression analysis with Stata
(version 14; StataCorp, College Station, TX).
SPSS Statistics 23.0 (IBM, Armonk, NY) was used
for all other calculations. Statistical procedures were

Taple 1 Univaria}te. analysis (?f Variable Pearson’s correla- WML Median (IQR) p
patient characteristics according tion coefficient
to WML
Age
Years, median, IQR 73 (65-80) 0.397 <0.001
Sex
Male 55.2% (n=470) 5(4-8) <0.001
Female 44.8% (n=390) 8 (4-12)
hs-cTnT
Normal 67.9% (n=584) 5(3-9) <0.001
Elevated 32.1% (n=276) 8 (4-12)
eGFR
ml/min, Median (IQR)  73.26 (57.71-86.55)  —0.193 <0.001
Atrial fibrillation
Yes 27.5% (n=236) 7 (4-12) 0.003
No 72.5% (n=624) 6 (3-10)
CAD
Yes 15.9% (n=138) 6.5 (4-10) 0.135
No 84.1% (n=1722) 6 (4-10)
Diabetes mellitus
Yes 25.4% (n=219) 7 (4-11) 0.002
No 74.6% (n=641) 6 (3-10)
Heart failure
Yes 6.0% (n=51) 8 (4-14) 0.013
No 94.0% (n=2809) 6 (4-10)
History of stroke
Yes 25.4% (n=219) 8 (4-13) <0.001
No 74.6% (n=641) 6 (3-10)
Hyperlipidemia
Yes 59.5% (n=512) 6 (4-10) 0.042
No 40.5% (n=348) 6 (3-10)
Hypertension
Yes 82.6% (n=711) 7 (4-11) <0.001
No 17.4% (n=149) 4 (2-6)
Medication beta-blockers
Yes 42.9% (n=344) 8 (4-11) <0.001
No 57.1% (n=457) 5(3-9)
Medication RAAS inhibitors
Yes 47.8% (n=383) 7 (4-11) <0.001
No 52.2% (n=418) 5(3-9)
Smoking status
Yes 19.5% (n=168) 4 (3-8) <0.001
No 80.5% (n=692) 6 (4-10)

WML white matter lesions, /QR interquartile range, hs-cTnT high-sensitivity cardiac troponin T, eGFR esti-
mated glomerular filtration rate, CAD coronary artery disease
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Results
Baseline characteristics

A total of 860 patients were included in this study. Detailed
information on patients’ demographics are provided
in Table 1. The median age of our study population was
73 years (interquartile range =1QR 65-80 years) and 44.8%
of patients were female. The median ARWMS was 6 (IQR
4-10) and 32.1% of patients had hs-cTnT values above the
upper reference limit (i.e. 14 ng/l).

Univariate analyses resulted in significant associations of
atrial fibrillation, hypertension, diabetes mellitus, hyperlipi-
demia and history of stroke with WML. Women had signifi-
cantly more severe WML than men in crude analysis. We
observed a positive correlation between age and severity of
white matter lesions. For full results of univariate analyses
see Table 1.

Hs-cTnT and WML

Unadjusted median quantile regression analysis revealed that
patients with hs-cTnT > 14 ng/l had more extensive white
matter damage than those with hs-cTnT < 14 ng/l (Fig. 2;
Table 2a). This association remained significant after adjust-
ment, although the effect was slightly attenuated. Crude
analysis with hs-cTnT levels in four categories showed
that all groups of patients with elevated hs-cTnT had more
extensive WML compared to the reference group (Table 2b).
However, the regression coefficients did not differ notably
between tertiles. Again, adjustment for confounders attenu-
ated the association. The quantile regression analysis for a
range of WML percentiles (i.e. 20, 40, 60 80) revealed that
the association between dichotomized hs-cTnT and WML
percentile was strongest in patients with severe WML: In
detail, the 20th percentile of WML was only increased by
0.38 (95% CI —0.27-1.03) for those with hs-cTnT > 14 ng/L
after full adjustment. This is in contrast to the coefficient of
1.41 (95% CI 0.09-2.74) for the 80th percentile of WML
(also see Fig. 3; Table 3).

Discussion

In our study, we examined whether there was a link between
subclinical heart and subclinical brain disease in acute stroke
patients. We found that higher levels of hs-cTnT were sig-
nificantly associated with more severe WML. This associa-
tion remained significant after adjustment for age, sex, and
manifest cardiovascular diseases. Interestingly, the asso-
ciation of hs-cTnT > 14 ng/l was more pronounced in the
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Fig.2 Extent of white matter lesions according to hs-cTnT status.
Distribution of ARWMS in patients with normal (< 14 ng/l, n=584)
and elevated (>14 ng/l, n=276) hs-cTnT. The red line indicates
the median ARWMS score (5 in patients with normal hs-cTnT, 8 in
patients with elevated hs-cTnT). The blue line indicates the mean
ARWMS score (7 in patients with normal hs-cTnT, 9 in patients
with elevated hs-cTnT). hs-cTnT high-sensitivity cardiac troponin T,
ARWMS age-related white matter severity score

upper range of WML distribution. This suggests that meas-
urement of hs-cTnT might be useful to identify individuals
with more severe WML, and vice versa, that assessment of
WML severity on cMRI might help in identifying patients
with (subclinical) myocardial injury.

Our findings are in line with the results of other studies
that have shown an association between hs-cTnT and dif-
ferent markers of cerebral small vessel disease in different
populations [22, 23]. Hilal et al. found a significant asso-
ciation between hs-cTnT and cortical cerebral microinfarcts
in memory clinic patients [22]. Analyses of the ARIC (ath-
erosclerosis risk in communities) study revealed a signifi-
cant association between hs-cTnT and WML on cMRI in

@ Springer



42

Journal of Neurology (2019) 266:37-45

Table 2 Median quantile regression analysis with hs-cTnT (a) as a dichotomous and (b) as a categorical variable

Adjustment Model 1 Model 2 Model 3
Stratification model Beta (95% CI) p Beta (95% CI) P Beta (95% CI) P
(@)
hs-cTnT > 14 ng/l 3.00 (2.00-4.00) <0.001 0.90 (0.19-1.61) 0.013 0.87 (0.13-1.60) 0.0021
(b)
hs-cTnT group 2 3.00 (1.92-4.08) <0.001 1.00 (0.11-1.89) 0.028 1.14 (0.48-1.81) 0.001
hs-cTnT group 3 3.00 (0.75-5.25) 0.009 1.14 (—0.69 t0 2.97) 0.221 0.96 (—0.86 to 2.77) 0.301
hs-cTnT group 4 3.00 (1.33-4.67) <0.001 0.57 (—0.60 to 1.75) 0.340 0.44 (—1.09 to 1.98) 0.569

Model 1: unadjusted regression analysis (n==860). Model 2: adjustment for age and sex (n=_860). Model 3: adjustment for age, sex and other

baseline characteristics as described in the methods section (n=860)
hs-cTnT high-sensitivity cardiac troponin T, CI confidence interval

Quantile regression analysis was performed according to three adjustment models

20—
15—
E 3
>
o
3' 10— [ )
s ¢
[ )
5_
[ )
o ¢
0_
| | |
p20 p40 60

p
WML percentile

Fig.3 Association between hs-cTnT and ARWMS in different WML
percentiles. The Figure shows WML scores for each quintile of WML
depending on hs-cTnT status. WML levels for patients with normal
hs-cTnT are the reference group (blue). Clinically elevated hs-cTnT
was significantly associated with higher ARWMS scores in all WML
quintiles (green) with the effect being more pronounced in patients

the general population [23]. However, MRI was performed
approximately 3 years prior to the hs-cTnT measurements in
ARIC and there was no information whether subclinical myo-
cardial injury correlated with MRI at the same time point.
Similarly, studies utilizing other markers of subclinical car-
diac disease revealed an association with subclinical cerebral
damage: NT-proBNP as a marker of cardiac volume overload
was associated with WML volume, as well as reduced grey
matter volume [24]. Russo et al. found a connection between
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@ reference value
@ unadjusted
@ fully adjusted for confounders

|
p80

with higher WML levels (60th and 80th percentile). Full adjustment
for confounders attenuated these effects, but remained statistically
significant for the 40th, 60th and 80th WML percentile (red). WML
white matter lesions, ARWMS age-related white matter severity score,
hs-cTnT high-sensitivity cardiac troponin T

echocardiographic determinants of subclinical cardiac dam-
age, such as increased left atrial volume or left ventricular
dysfunction, and silent brain infarcts as well as WML vol-
ume [25, 26]. All studies mentioned above were conducted
either in the general population or in memory clinic patients.
Our study, however, was the first to examine the association
between subclinical cardiac and cerebral injury in patients
with manifest cerebrovascular disease, who are at a particu-
larly high risk of small vessel disease and cognitive decline.
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Table?.a Quaptile regression Percentile Adjustment model Variable Beta (95% CI) P
analysis in different WML
percentiles p20 Model 1 hs-cTnT> 14 ngll 1.00 (1.00-1.00) <0.001
Model 2 hs-cTnT > 14 ng/l 0.27 (=0.19 t0 0.73) 0.243
Model 3 hs-cTnT > 14 ng/l 0.38 (—0.27 to 1.03) 0.246
p40 Model 1 hs-cTnT> 14 ngll 3(2.13-3.87) <0.001
Model 2 hs-cTnT> 14 ngll 0.38 (0.26-1.74) 0.008
Model 3 hs-cTnT> 14 ngll 0.78 (0.21-1.35) 0.007
p60 Model 1 hs-cTnT> 14 ngll 4(2.28-5.71) <0.001
Model 2 hs-cTnT> 14 ngll 1.17 (0.12-2.22) 0.03
Model 3 hs-cTnT> 14 ngll 1.06 (0.24-1.87) 0.011
p80 Model 1 hs-cTnT> 14 ngll 4(1.75-6.24) <0.001
Model 2 hs-cTnT > 14 ng/l 0.93 (- 0.46t0 2.32) 0.19
Model 3 hs-cTnT> 14 ngll 1.41 (0.09-2.74) 0.037

Quantile regression analysis was performed for the 20th, 40th, 60th and 80th percentile of WML. Quantile
regression analysis was performed according to three adjustment models. Model 1: unadjusted regression
analysis (n=_860). Model 2: adjustment for age and sex (n=860). Model 3: adjustment for age, sex and
other baseline characteristics as described in the methods section (n =860)

Statistically significant results are in italic

WML white matter lesions, CI confidence interval, hs-cTnT high-sensitivity cardiac troponin T

Due to the differences in patient selection criteria, we had
higher average baseline hs-cTnT levels in our cohort than in
the general population. While the ARIC study grouped par-
ticipants according to their hs-cTnT values below the URL,
we differentiated between hs-cTnT values above the URL
[23]. While only 10% of participants in the ARIC study had
hs-cTnT values above the URL, more than 30% did in our
cohort [23]. This might explain why we did not find sig-
nificantly greater WML severity with increasing hs-cTnT
when we performed the analysis after further differentiation
of hs-cTnT levels. While the ARIC study performed a vol-
ume-based assessment of WML, we chose to examine WML
based on a visual rating scale, which provides good sensi-
tivity and interrater reliability [27]. By performing quantile
regression analysis, we were able to quantify the associa-
tion between hs-cTnT and WML depending on the extent
of WML while outliers do not affect the point estimates.
We found that the association between hs-cTnT and WML
was strongest in patients with moderate and severe WML.

The pathogenic mechanisms that explain the link between
subclinical cardiac and subclinical cerebral damage are not yet
fully understood and probably multifactorial and multidirec-
tional [28]. Currently, several hypotheses are discussed that
may explain our findings: One theory states that the associa-
tion between cardiac and cerebrovascular disease is mediated
by common underlying systemic pathologies such as ath-
erosclerosis and systemic small vessel disease. Even minor
hs-cTnT levels were shown to indicate subclinical coronary
calcification [29], which is a marker of subclinical athero-
sclerosis [30]. Moreover, systemic microangiopathy leads to
cardiac fibrosis and myocardial hypoperfusion, which results
in myocardial damage and increases the risk of heart failure

and atrial fibrillation [31, 32]. This implies that cardiac and
cerebrovascular disease might both be indicators of end-organ
damage resulting from systemic atherosclerotic vascular dam-
age. Furthermore, it has been proposed that cerebral hypoper-
fusion as a result of reduced cardiac output may lead to chronic
cerebral ischemia and small vessel disease [33]. Another sug-
gested mechanism is silent brain infarction caused by cardi-
oembolism [34]. Lastly, the association between hs-cTnT and
WML might also be caused by subclinical brain injury. Recent
research has suggested that damage to certain regions of the
brain, such as the insular cortex, can lead to myocardial injury
and hs-cTnT elevation [35]. This implies that the interaction
between heart and brain is in fact bidirectional.

Strengths of this study include the large sample size as well
as standardized cMRI evaluation. Nevertheless, our study also
has certain limitations. First of all, our study is cross-sectional,
leaving it impossible to make any inference about the direc-
tion of the effect captured in our analyses. Second, we were
not able to obtain exact hs-cTnT values below the URL in the
majority of patients. Therefore, we were confined to perform-
ing our statistical analyses with hs-cTnT as a categorical vari-
able, which may have attenuated the association with WML.
Third, acute elevation of hs-cTnT is not uncommon in acute
ischemic stroke, but this acute increase in hs-cTnT refers to
an acute myocardial injury, suggestive of the acute coronary
syndrome. To account for this, we excluded patients with a
dynamic change of hs-cTnT or hs-cTnT > 52 ng/l.

Systolic function quantified by echocardiography was
not available. Impaired cardiac function, i.e. heart failure
has been linked to higher hs-cTnT levels [36] as well as the
extent of cerebral small vessel disease and impaired cogni-
tive function [33, 37].
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Since patients’ cognitive status was not systematically
evaluated, we were not able to draw any conclusions regard-
ing a possible correlation between our findings and a clinical
endpoint of cognitive function.

Conclusions

Elevated levels of hs-cTnT were associated with more exten-
sive WML in patients with acute ischemic stroke. In con-
junction with previous studies, this suggests that hs-cTnT
might be used to identify subjects at increased risk of cogni-
tive impairment and dementia in the subclinical stage. Fur-
ther longitudinal studies are needed to assess the effects of
early detection of subclinical cardiac injury and initiation of
risk-modifying therapy to prevent cognitive impairment. In
addition, further research is warranted to determine the value
of hs-cTnT as a marker for monitoring therapeutic effects.
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