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IMPORTANCE Subclinical and clinical cardiac diseases have been previously linked to magnetic
resonance imaging (MRI) manifestations of cerebrovascular disease, such as lacunes and
white matter hyperintensities, as well as dementia. Cortical cerebral microinfarcts (CMIs), a
novel MRI marker of cerebral vascular disease, have not been studied, to date, in relation to
subclinical and clinical cardiac diseases.

OBJECTIVE To examine the association of blood biomarkers of subclinical cardiac disease and
clinically manifest cardiac diseases with CMIs graded on 3-T MRI in a memory clinic
population.

DESIGN, SETTING, AND PARTICIPANTS This baseline cross-sectional analysis of a cohort study
performed from August 12, 2010, to July 28, 2015, included 464 memory clinic participants.
All participants underwent collection of blood samples, neuropsychological assessment, and
3-T MRI.

EXPOSURES N-terminal pro–brain natriuretic peptide (NT-proBNP) and high-sensitivity
cardiac troponin T (hs-cTnT) concentrations were measured by electrochemiluminescence
immunoassays. Cardiac disease was defined as a history of atrial fibrillation, ischemic heart
diseases, or congestive heart failure.

MAIN OUTCOMES AND MEASURES The CMIs were graded according to a previously validated
protocol.

RESULTS Of 464 participants, 124 had insufficient blood plasma samples and 97 had no CMI
grading (none, incomplete, or ungradable MRI), leaving a sample size of 243 for final analysis
(mean [SD] age, 72.8 [9.1] years; 116 men [42.9%]). Seventy participants (28.8%) had cortical
CMIs (median, 1; range, 0-43). Compared with participants with no CMIs, those with CMIs had
a significantly higher prevalence of atrial fibrillation (rate ratio [RR], 1.62; 95% CI, 1.20-21.8),
ischemic heart disease (RR, 4.31; 95% CI, 3.38-5.49), and congestive heart failure (RR, 2.05;
95% CI, 1.29-3.25). Significantly higher levels of NT-proBNP (RR, 3.16; 95% CI, 2.33-4.27) and
hs-cTnT (RR, 2.17; 95% CI, 1.00-4.74) were found in participants with CMIs. In multivariate
models adjusted for demographics and vascular risk factors, higher levels of NT-proBNP (RR,
3.19; 95% CI, 2.62-3.90) and hs-cTnT (RR, 4.86; 95% CI, 3.03-7.08) were associated with
CMIs. These associations persisted even after excluding patients with clinically manifest
cardiac disease.

CONCLUSIONS AND RELEVANCE This study found that biomarkers of subclinical cardiac
disease and clinically manifest cardiac diseases were associated with CMIs on 3-T MRI in
patients attending a memory clinic, suggesting that cardiac disease may contribute to the
development of CMIs. Hence, cardiac dysfunction should be targeted as a potentially
modifiable factor to prevent CMI-related brain injury.
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C ardiovascular diseases have been linked to cognitive
deficits in individuals without a history of stroke or
dementia.1 Ischemic heart disease, coronary artery dis-

ease, and cardiac failure have been associated with subclini-
cal brain injury (lacunes and white matter hyperintensities),
which may cause impaired cognitive performance.2,3 How-
ever, by the time cardiac diseases become clinically appar-
ent, significant cerebral damage may have already occurred.4,5

Hence, blood biomarkers of cardiovascular disease, such as
N-terminal pro–brain natriuretic peptide (NT-proBNP) and
high-sensitivity cardiac troponin T (hs-cTnT), have recently be-
come of interest because of their upregulation not only in myo-
cardial stress and injury but also in the early phases of cardio-
vascular disease.6-9 Interestingly, higher levels of NT-proBNP
and hs-cTnT were associated with cognitive impairment and
dementia.10

In addition to the traditional cerebral markers of vascular
injury, such as lacunar infarcts and white matter hyperinten-
sities, a novel marker of cerebrovascular diseases, cortical
cerebral microinfarcts (CMIs), has recently gained attention
because of its major role in cognitive impairment and
dementia.11,12 Until recently, CMIs have not been detectable
during life; however, recent advances in magnetic resonance
imaging (MRI) techniques have allowed detection of CMIs in
vivo.13,14 Subsequent studies have found that cortical CMIs were
associated with small-vessel (lacunes, white matter hyperin-
tensities, and microbleeds) and large-vessel (cortical infarcts
and intracranial stenosis) diseases, which may suggest hetero-
geneous origin..13 Furthermore, they were also linked to a his-
tory of cardiovascular disease and cognitive dysfunction.15

However, to our knowledge, the association between clinical
cardiac diseases and blood markers of cardiac dysfunction with
cortical CMIs on MRI have not been explored previously. We,
therefore, examined the association of blood biomarkers of sub-
clinical cardiac diseases, NT-proBNP, and hs-cTnT and clini-
cally manifest cardiac diseases (atrial fibrillation, ischemic heart
disease, and congestive heart failure) with CMIs graded on 3-T
MRI in a memory clinic population.

Methods
Study Population
Participants were recruited from memory clinics in 2 study sites
in Singapore (National University Hospital and Saint Luke’s
Hospital). Assessments of participants were performed from
August 12, 2010, to July 28, 2015. Six diagnostic categories were
eligible for inclusion in this study based on the following di-
agnoses. First, patients with no cognitive impairment were
those who had no objective cognitive impairment on formal
neuropsychological tests or functional loss. Second, the diag-
nosis of cognitive impairment no dementia was based on clini-
cal judgment and was diagnosed in patients who were
impaired in at least one cognitive domain on a formal neuro-
psychological test battery but did not meet the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (DSM-
IV) criteria for dementia. Participants were considered to have
failed a cognitive test if they scored 1.5 SDs below the educa-

tional level–adjusted cut-off values on each test. Failure in at
least half the tests in each domain was considered impair-
ment in that domain. Third, vascular cognitive impairment no
dementia was defined as a history of ischemic stroke within
the past 6 to 24 months and neuroimaging evidence of cere-
bral infarction, with objective evidence of neuropsychologi-
cal deficits.16 Fourth, dementia was diagnosed according to
DSM-IV criteria. The etiologic diagnoses of dementia were
based on internationally accepted criteria: Alzheimer disease
was diagnosed using the National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer Dis-
ease and Related Disorders Association; Alzheimer disease with
cerebrovascular disease or mixed dementia was defined as ful-
filling the National Institute of Neurological and Communi-
cative Disorders and Stroke and the Alzheimer Disease and Re-
lated Disorders Association criteria together with concomitant
cerebrovascular disease on MRI (presence of multiple in-
farcts or extensive white matter hyperintensities)17; and vas-
cular dementia was defined using the National Institute of Neu-
rological Disorders and Stroke and Association Internationale
pour la Recherché et l' Enseignement en Neurosciences
criteria.18

All participants underwent physical, clinical, and neuro-
psychological assessments and neuroimaging at the National
University of Singapore.10 Ethics approval for this study was
obtained from National Healthcare Group Domain-Specific Re-
view Board. The study was conducted in accordance with the
Declaration of Helsinki.19 Written informed consent was ob-
tained, in the preferred language of the participants, by bilin-
gual study coordinators before recruitment. All the data were
deidentified before study assessments.

Blood Tests
The NT-proBNP and hs-cTnT concentrations were measured
by electrochemiluminescence immunoassays using the NT-
proBNP and hs-cTnT assays on an automated Cobas e411 ana-
lyzer (Roche Diagnostics GmbH). Quality controls included in
both were within lot-specific target ranges and within the range
of concentrations detected in the samples from 5 to 20 627
pg/mL (to convert to nanograms per liter, multiply by 1) for NT-
proBNP and 0.003 to 0.20 ng/mL (to convert to micrograms
per liter, multiply by 1) for hs-cTnT.

Key Points
Question Is there an association between subclinical cardiac
biomarkers and overt cardiac diseases with cortical cerebral
microinfarcts?

Findings In this cross-sectional analysis of 243 individuals from a
cohort study of 464 participants, higher levels of N-terminal
pro–brain natriuretic peptide and high-sensitivity cardiac troponin
T were associated with cortical cerebral microinfarcts. Atrial
fibrillation, ischemic heart disease, and congestive heart failure
were also independently linked with cortical cerebral
microinfarcts.

Meaning In a memory clinic setting, cardiac dysfunction should
be targeted as a potentially modifiable factor to prevent cortical
cerebral microinfarct–related brain injury.
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Cardiac Diseases
A history of clinically manifest cardiac disease (ie, atrial fibril-
lation, ischemic heart disease, and congestive heart failure) was
verified from medical records in which data on chest radiog-
raphy, angiography, electrocardiography, echocardiography,
cardiac catheterization, and hospital course for those who were
admitted were available. Atrial fibrillation was defined as ab-
normal heart rhythm characterized by rapid and irregular heart
rate on electrocardiography. Ischemic heart disease encom-
passed a history of angina or myocardial infarction. Conges-
tive heart failure was diagnosed based on the European Soci-
ety of Cardiology criteria, including symptoms and/or signs
consistent with heart failure together with echocardio-
graphic evidence of abnormal systolic and/or diastolic
function.20

Demographic and Other Vascular Risk Factor Assessment
A detailed questionnaire was administered to all participants
to collect information on age, sex, race, educational level, and
smoking history. A history of hypertension, hyperlipidemia,
and diabetes was also noted and subsequently verified by medi-
cal records. Physical examination included height, weight, and
blood pressure. Systolic and diastolic blood pressures were
measured using a digital automatic blood pressure monitor af-
ter the participant rested for 5 minutes. Blood pressure was
measured twice, 5 minutes apart. The mean of 2 readings was
considered as the relevant blood pressure. Hypertension was
defined as systolic blood pressure of 140 mm Hg or higher
and/or diastolic blood pressure of 90 mm Hg or higher or pre-
scription of antihypertensive medication. Mean arterial blood
pressure was calculated as two-thirds of the diastolic blood
pressure plus one-third of the systolic blood pressure. Type 2
diabetes was defined as a glycated hemoglobin level of 6.5%
or higher (to convert to proportion of hemoglobin, multiply by
0.01) or use of antidiabetic medication. Hyperlipidemia was
defined as total cholesterol levels of 160 mg/dL (to convert to
millimoles per liter, multiply by 0.0259) or use of lipid-
lowering medication.

Neuroimaging
Magnetic resonance imaging was performed on a 3-T Mag-
netom Trio Tim scanner (Siemens Corp), using a 32-channel
head coil, at the Clinical Imaging Research Centre of the Na-
tional University of Singapore. Participants with claustropho-
bia, those with contraindications for MRI, or those who were
unable to tolerate the procedure were excluded. For each par-
ticipant, the following MRI markers were determined.

Cortical CMIs
Cortical CMIs were graded on T1- and T2-weighted and fluid-
attenuated inversion recovery (FLAIR) sequences and were de-
fined as hypointense lesions on T1-weighted images, less than
5 mm in diameter, restricted to the cortex, and perpendicular
to the cortical surface. The location of a hypointense cortical
lesion found on T1-weighted images was confirmed on FLAIR
and T2-weighted images (Figure). The lesion was rated as a defi-
nite cortical CMI if it was hyperintense or isointense (with the
surrounding tissue) on FLAIR and T2-weighted images. The

lesion was discarded as a cortical CMI if at the same location a
hypointense signal was found on FLAIR or T2-weighted im-
ages, indicating the T1-weighted hypointense lesion was at-
tributable to a hemorrhagic lesion (confirmed on susceptibil-
ity weighted imaging sequence), a vessel, or an artifact.15

Dilated perivascular spaces that extended from the white mat-
ter into the cortex, producing similar cortical signal intensi-
ties to those of cortical CMIs, were not considered.14 Simi-
larly, cortical CMIs in areas affected by large cortical infarcts
were also discarded.

Other MRI Markers
Quantitative MRI analyses were performed at the Depart-
ment of Medical Informatics, Erasmus University Medical Cen-
ter, Rotterdam, the Netherlands. Total intracranial volume and
white matter hyperintensity volume of the whole brain were
quantified by automatic segmentation using the T1-weighted
and FLAIR sequences.21 Cortical and lacunar infarcts were
graded on FLAIR and T2-weighted sequences using the Stan-
dards for Reporting Vascular Changes on Neuroimaging
criteria.22 Cerebral microbleeds were graded using the Brain
Observer Microbleed Scale.23 Intracranial stenosis was graded
on magnetic resonance angiography and was defined as ste-
nosis of 50% or more in the vertebral, basilar, internal carot-
ids, posterior cerebral, middle cerebral, and/or anterior cere-
bral arteries.

Statistical Analysis
Differences in the baseline characteristics of included and ex-
cluded participants were explored using the t test and χ2 test.
Trends in baseline characteristics across different categories
of CMI numbers were examined using analysis of variance for
normally distributed data and the Kruskal-Wallis test for
skewed variables, and a P value for trend was computed. The
NT-proBNP and hs-cTnT levels were logarithmically trans-
formed to ensure a normal distribution for regression analy-
sis. For all models, NT-proBNP and hs-cTnT levels and car-
diac diseases were treated as determinants and CMI on MRIs
as outcome. To examine the robustness of the associations,
CMIs were included in these models as (1) CMI counts, (2) pres-
ence vs absence of CMIs, and (3) multiple (≥3) vs less than 3
CMIs. Poisson regression models were constructed for CMI
counts with measure of association as rate ratios (RRs) and cor-
responding 95% CIs. For the Poisson regression model, inter-
pretation of the effect sizes was as follows: a person with a 10-
fold (1 unit of 10-log [cardiac marker] increment) increase in
cardiac biomarker level will be RR times (eg, 4 times) more
likely to have 1 additional CMI on MRI compared with a per-
son with a lower biomarker level. For categorical outcomes,
logistic regression models were computed with odds ratios
(ORs) and 95% CIs. Last, to examine whether the association
between subclinical cardiac biomarkers and CMIs remained in-
dependent of clinically manifest cardiac diseases, Poisson and
logistic regression models were again constructed. All the mod-
els were initially adjusted for age and sex and subsequently
for vascular risk factors. Two-sided P < .05 was considered sta-
tistically significant. Statistical analysis was performed using
standard statistical software (SPSS, version 23, SPSS Inc).
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Results

Of 464 participants, 124 had insufficient blood plasma
samples and 97 had no CMI grading (none, incomplete, or
ungradable MRI), leaving a sample size of 243 for final

analysis (mean [SD] age, 72.8 [9.1] years; 116 men [42.9%]).
Those who were excluded were not significantly different
from those included in the analysis (Table 1). Among 243
participants, 70 (28.8%) had 1 or more cortical CMIs. Of the
participants with cortical CMIs, 36 (51.4%) had 1, 20 (28.6%)
had 2 to 4, and 14 had 5 or more CMIs, with a range of 0 to

Figure. Varying Numbers of Cortical Cerebral Microinfarcts (CMIs) on 3-T Magnetic Resonance Imaging in Different Patients
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A representative cortical CMI, which was first explored on a 3-dimensional
T1-weighted image (A, D, G) and further confirmed on fluid-attenuated
inversion recovery (FLAIR) (B, E, H) and T2-weighted (C, F, I) images.

White boxes indicate area with CMIs as shown in the magnified view in insets;
red arrowheads, additional CMIs other than the one shown in white boxes.
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43. Table 2 gives the baseline characteristics of participants
across increasing numbers of CMIs. In brief, an increasing
frequency of hypertension, hyperlipidemia, subclinical car-
diac biomarkers, and cardiac diseases was observed in the
CMI groups. Compared with participants without cortical
CMIs, the prevalence of small-vessel (lacunes and cerebral
microbleeds) and large-vessel (cortical infarcts and intracra-
nial stenosis) diseases on MRI was higher in persons with
cortical CMIs.

Table 3 details the association of subclinical cardiac bio-
markers and clinically manifest cardiac diseases with corti-
cal CMIs graded on MRI. Higher levels of NT-proBNP and
hs-cTnT were significantly associated with an increasing
number of cortical CMIs in age- and sex-adjusted models.

After additional adjustments with vascular risk factors,
these associations remained significant. Similarly, a signifi-
cant association was also observed among those with atrial
fibrillation, ischemic heart disease, and congestive heart
failure with cortical CMIs independent of vascular risk
factors.

Table 4 details the association of subclinical cardiac bio-
markers with cortical CMIs after excluding persons with
clinically manifest cardiac diseases. Higher levels of
NT-proBNP and hs-cTnT were significantly associated with
increasing cortical CMI counts on the MRI independent of
vascular risk factors. However, with regard to hs-cTnT, this
association was attenuated in those with 3 or more CMIs on
the MRI.

Table 1. Baseline Characteristics of the Included and Excluded Study Participantsa

Characteristic
Included
(n = 243)

Excluded
(n = 219)b P Value

Age, mean (SD), y 72.8 (9) 72.1 (7.1) .36

Male 116 (42.9) 94 (47.7) .30

Hypertension 186 (76.5) 146 (66.7) .02

Hyperlipidemia 181 (74.5) 162 (74) .90

Type 2 diabetes 90 (37) 72 (32.9) .35

Atrial fibrillation 21 (8.6) 13 (5.9) .27

Ischemic heart disease 26 (10.7) 17 (7.8) .28

Congestive heart failure 5 (2.1) 2 (0.9) .32

a Data are presented as number
(percentage) of study participants
unless otherwise indicated.

b Excluded participants were those
with insufficient blood plasma
samples and none, incomplete, or
ungradable magnetic resonance
images for cortical cerebral
microinfarct grading.

Table 2. Baseline Characteristics of the Study Participants With and Without CMIsa

Characteristic

Participants
Without CMIs
(n = 173)

Participants
With 1-2 CMIs
(n = 46)

Participants
With ≥3 CMIs
(n = 24)

P Value
for Trend

Demographics

Age, mean (SD), y 72.5 (9.0) 72.5 (9.4) 75.5 (8.6) .21

Male 79 (45.7) 21 (45.7) 16 (66.7) .11

Hypertension 127 (73.4) 37 (80.4) 22 (91.7) .04

Hyperlipidemia 117 (67.6) 41 (89.1) 23 (95.8) <.001

Type 2 diabetes 59 (34.1) 20 (43.5) 11 (45.8) .15

Cardiac factors

NT-proBNP, median (IQR),
pg/mL

113.3 (152.7) 135.8 (268.9) 791.3 (1396.5) .06

High-sensitivity cardiac
troponin T, median (IQR),
ng/mL

0.010 (0.008) 0.011 (0.011) 0.016 (0.012) .007

Atrial fibrillation 8 (4.6) 6 (13) 7 (29.2) <.001

Ischemic heart disease 12 (6.9) 5 (10.9) 9 (37.5) <.001

Congestive heart failure 1 (0.6) 1 (2.2) 3 (12.5) .001

MRI markers

Total brain volume, mean
(SD), mL

897.3 (95.4) 899.5 (101.4) 931.7 (103.3) .23

White matter
hyperintensities, median
(IQR), mL

4.37 (11.50) 4.58 (11.1) 11.8 (33.4) .06

Cerebral microbleeds 84 (50.6) 26 (63.4) 17 (73.9) .02

Presence of lacunes 50 (29.4) 16 (35.6) 15 (65.2) .002

Presence of cortical
infarct

18 (10.6) 6 (13.3) 15 (65.2) <.001

Presence of intracranial
stenosis

32 (19.5) 12 (27.3) 12 (52.2) .001

Abbreviations: CMI, cortical cerebral
microinfarct; IQR, interquartile range;
MRI, magnetic resonance imaging;
NT-proBNP, N-terminal pro–brain
natriuretic peptide.

SI conversion factors: To convert
NT-proBNP to nanograms per liter,
multiply by 1; high-sensitivity cardiac
troponin T to micrograms per liter,
multiply by 1.
a Data are presented as number

(percentage) of study participants
unless otherwise indicated.

Cardiac Biomarkers and Diseases With Cortical Cerebral Microinfarcts Original Investigation Research

jamaneurology.com (Reprinted) JAMA Neurology April 2017 Volume 74, Number 4 407

Copyright 2017 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/pdfaccess.ashx?url=/data/journals/neur/936159/ by a Utrecht University Library User  on 05/15/2017

http://www.jamaneurology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2016.5335


Copyright 2017 American Medical Association. All rights reserved.

Discussion

This study reveals that the circulating levels of cardiac bio-
markers and clinically manifest cardiac diseases were associ-
ated with cortical CMI as detected on MRI in individuals at-
tending a memory clinic. These associations were independent
of other vascular risk factors. Furthermore, these cardiac bio-
markers were also related to CMIs independent of clinically
manifest cardiac diseases, suggesting that the subclinical car-
diac dysfunction may contribute to the development of CMIs
in the brain.

The secretion of NT-proBNP is primarily attributable to car-
diomyocyte stretching, whereas hs-cTnT is a sensitive marker
of myocardial injury. Previous studies have linked NT-
proBNP to atrial fibrillation,24 cognitive decline, and
dementia.7,25,26 Earlier work10 has also found that NT-
proBNP and hs-cTnT were associated with cognitive impair-
ment and dementia in patients with significant cerebrovascu-
lar diseases, independent of other vascular risk factors,
suggesting that significant cerebral damage might have al-
ready taken place before the development of overt cardiac dis-

eases. With respect to the clinically manifest cardiac dis-
eases, several studies4,5 have found that coronary heart disease,
atrial fibrillation, and congestive heart failure are linked to cog-
nitive dysfunction through their role in causing cerebral dam-
age. These cardiac diseases have also been suggested to be as-
sociated with other cerebrovascular diseases (strokes and white
matter hyperintensities) through mechanisms such as cardio-
embolism and cerebral ischemic damage. Hence, early mark-
ers of cardiac dysfunction, such as NT-proBNP and hs-cTnT,
are of interest so that timely intervention may be performed.

Previous studies13,15 of memory clinic patients and the gen-
eral population have found that cortical CMIs were associ-
ated with large-vessel diseases (cortical infarcts and intracra-
nial stenosis). Cortical CMIs in the right middle cerebral artery
were more commonly seen in persons with right middle ce-
rebral artery stenosis. The same was true with left middle ce-
rebral artery stenosis. Furthermore, it was also reported that
a history of cardiovascular diseases was associated with the
presence of CMIs on MRI.15 Our present findings add to the pre-
vious literature by revealing a significant association of atrial
fibrillation, ischemic heart disease, congestive heart failure,
and subclinical cardiac biomarkers with CMIs independent of

Table 3. Association of Subclinical Cardiac Biomarkers and Clinical Cardiac Diseases With CMIsa

Variable
RR (95% CI)
for CMI Count

OR (95% CI)

Presence vs Absence of CMIs ≥3 vs <3 CMIs

Subclinical Cardiac Diseases

Log pro–brain natriuretic peptideb

Model 1 3.85 (3.18-4.66) 2.71 (1.49-4.93) 5.34 (2.37-12.06)

Model 2 3.19 (2.62-3.90) 2.51 (1.34-4.69) 4.63 (1.98-10.83)

Log high-sensitivity cardiac
troponin Tb

Model 1 7.98 (5.08-12.53) 3.99 (1.30-12.22) 13.23 (2.38-73.64)

Model 2 4.86 (3.03-7.08) 3.19 (0.94-10.75) 9.41 (1.54-57.32)

Clinical Cardiac Diseases

Atrial fibrillation

Model 1 2.14 (1.59-2.88) 4.42 (1.73-11.32) 4.99 (1.72-14.47)

Model 2 1.62 (1.20-2.18) 3.76 (1.42-9.91) 3.94 (1.32-11.74)

Ischemic heart disease

Model 1 5.61 (4.41-7.14) 3.28 (1.43-7.54) 7.24 (2.67-19.63)

Model 2 4.31 (3.38-5.49) 2.64 (1.12-6.22) 5.67 (2.05-15.65)

Congestive heart failure

Model 1 2.94 (1.86-4.65) 9.98 (1.09-91.56) 15.37 (2.24-105.38)

Model 2 2.05 (1.29-3.25) 7.23 (0.78-66.77) 10.68 (1.54-74.06)

Abbreviations: CMI, cortical cerebral
microinfarct; OR, odds ratio; RR, rate
ratio.
a Model 1 was adjusted for age and

sex. Model 2 was adjusted for age,
sex, hypertension, and
hyperlipidemia.

b Interpretation of the effect sizes
was as follows: a person with a
10-fold (1 unit of 10-log [cardiac
marker] increment) increase in
cardiac biomarker level will be RR
times (eg, 4 times) more likely to
have 1 additional CMI on magnetic
resonance imaging compared with a
person with a lower biomarker level.

Table 4. Association of Subclinical Cardiac Biomarkers With CMIs Excluding Participants
With Clinically Manifest Cardiac Diseasesa

Variable
RR (95% CI) for CMI
Count

OR (95% CI)

Presence vs Absence of CMIs ≥3 vs <3 CMIs
Log pro–brain natriuretic peptide

Model 1 3.61 (2.68-4.86) 1.92 (0.85-4.34) 5.43 (1.61-18.25)

Model 2 3.16 (2.33-4.27) 1.93 (0.83-4.48) 4.80 (1.37-16.82)

Log high-sensitivity cardiac
troponin T

Model 1 3.19 (1.52-6.72) 2.49 (0.66-9.34) 8.39 (0.71-98.75)

Model 2 2.17 (1.00-4.74) 2.38 (0.56-10.15) 5.68 (0.42-77.22)

Abbreviations: CMI, cortical cerebral
microinfarct; OR, odds ratio; RR, rate
ratio.
a Model 1 was adjusted for age and

sex. Model 2 was adjusted for age,
sex, hypertension, and
hyperlipidemia.
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vascular risk factors. It has been postulated that the left ven-
tricular dysfunction and ischemic heart disease trigger inflam-
matory changes that contribute to cerebral ischemic damage.27

Moreover, NT-proBNP has also been linked to subclinical brain
injury (silent brain infarcts and white matter hyperintensities)8

and cardioembolic stroke.28 The stronger association of sub-
clinical and clinically manifest cardiac diseases with 3 or more
CMIs suggests that hypoperfusion and microemboli may be
mechanisms for the development of CMIs. Indeed, the cause
of CMIs is presumed to be heterogenous, with (micro) em-
boli, hypoperfusion, and microangiopathy as the leading cause
of microinfarcts.29 The persistent association observed be-
tween cardiac biomarkers and CMIs in the absence of cardiac
diseases further supports previous findings that circulating
markers of cardiac dysfunction reflect silent brain injury or sys-
temic vascular damage through shared vascular risk factors.

Limitations
Our study has several limitations. First, because these data were
examined cross-sectionally, it is not possible to establish the
temporal association between subclinical and clinical cardiac
diseases with cortical CMIs on MRI. Second, because of the
lower resolution of 3-T MRI, only approximately 25% of cor-
tical CMIs seen on 7-T MRI are detectable on 3-T MRI.14 Hence,
smaller cortical CMIs (<2 mm) might have gone undetected,
which may lead to underestimation of effect sizes. Third, be-
cause we did not have data on CMIs located at the border zone

(because it is variable among individuals), we were unable to
address whether CMIs in relation to cardiac disease specifi-
cally occur in vascular border zone areas. However, we have
previously observed that CMIs are more likely to occur dis-
tally from intracranial stenosis,14 which further suggests that
microemboli and hypoperfusion play an important role in their
cause. Fourth, it remains to be investigated whether these find-
ings are generalizable to other non-Asian populations with dif-
ferent vascular risk factor profiles. Strengths of the study in-
clude the wide availability of 3-T neuroimaging to grade cortical
CMI, which makes it relatively feasible to study CMIs in large
populations.

Conclusions
Higher levels of circulating markers of cardiac dysfunction and
clinical cardiac diseases were associated with cortical CMI on
MRI independent of vascular risk factors. Hence, early car-
diac dysfunction may be a potentially modifiable treatment tar-
get to prevent CMI-related brain injury in patients attending
a memory clinic. Further prospective studies are needed to
understand the additional value of markers of cardiac dys-
function in the development of CMI and whether they may
serve as surrogate outcomes in evaluating the effectiveness of
novel treatment for cerebrovascular disease–related cogni-
tive impairment.
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