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BACKGROUND: The long-term incidence of acute myocardial infarction (AMI) in patients with acute ischemic stroke (AIS) has not
been well defined in large cohort studies of various race-ethnic groups.

METHODS AND RESULTS: A prospective cohort of patients with AIS who were registered in a multicenter nationwide stroke regis-
try (CRCS-K [Clinical Research Collaboration for Stroke in Korea] registry) was followed up for the occurrence of AMI through
a linkage with the National Health Insurance Service claims database. The 5-year cumulative incidence and annual risk were
estimated according to predefined demographic subgroups, stroke subtypes, a history of coronary heart disease (CHD), and
known risk factors of CHD. A total of 11 720 patients with AIS were studied. The 5-year cumulative incidence of AMI was 2.0%.
The annual risk was highest in the first year after the index event (1.1%), followed by a much lower annual risk in the second to
fifth years (between 0.16% and 0.27%). Among subgroups, annual risk in the first year was highest in those with a history of
CHD (4.1%) compared with those without a history of CHD (0.8%). The small-vessel occlusion subtype had a much lower in-
cidence (0.8%) compared with large-vessel occlusion (2.2%) or cardioembolism (2.4%) subtypes. In the multivariable analysis,
history of CHD (hazard ratio, 2.84; 95% Cl, 2.01-3.93) was the strongest independent predictor of AMI after AIS.

CONCLUSIONS: The incidence of AMI after AIS in South Korea was relatively low and unexpectedly highest during the first year
after stroke. CHD was the most substantial risk factor for AMI after stroke and conferred an approximate 5-fold greater risk.
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are the major causes of death worldwide.! They

share risk factors and strategies for secondary
prevention, such as use of antithrombotics and sta-
tin therapy.?® The coprevalence of CHD has been re-
ported in one fifth of stroke patients.

Ischemio stroke and coronary heart disease (CHD)

Although the incidence of acute myocardial infarc-
tion (AMI) after acute ischemic stroke (AIS) has been
reported in several studies,>® changes in risk factor
profiles and recent advances in secondary prevention
strategies may have led to differences in the occur-
rence of AMI after stroke over time.””® For example,
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CLINICAL PERSPECTIVE

What Is New?

e |n a multicenter prospective registry of Korean
patients with acute ischemic stroke, 5-year cu-
mulative incidence of acute myocardial infarc-
tion was 2%, and was highest during the first
year after stroke onset.

e Notably, patients with history of coronary heart
disease showed a 5-fold risk of acute myocar-
dial infarction after stroke onset, and those with
cardioembolism subtype had a higher risk than
other subtypes.

What Are the Clinical Implications?

e In general, the risk of acute myocardial infarc-
tion after ischemic stroke was low.

e However, patients with certain risk factors, such
as history of coronary heart disease, need at-
tention during the first year after stroke event.

Nonstandard Abbreviations and Acronyms

AIS acute ischemic stroke

CRCS-K Clinical Research Collaboration
for Stroke in Korea

NHIS National Health Insurance
Service

NOMAS Northern Manhattan Study

OxVasc Oxford Vascular Study

SPARCL Stroke Prevention by Aggressive

Reduction in Cholesterol Levels

there was no study focusing on the incidence of
poststroke AMI after high-intensity statin was intro-
duced to the clinical practice guideline in year 2008,'°
whereas much lower incidence of AMI could be ex-
pected compared with previous reports, according
to the use of high-intensity statin in patients with AIS.

Furthermore, as ischemic stroke is a heterogeneous
disorder with diverse causes,'! patient characteristics,
cardiovascular risk profiles, and poststroke progno-
ses may vary by ischemic stroke subtype.'’?'® Thus,
one might expect that the risk of AMI in patients with
stroke may differ by the aforementioned characteris-
tics. However, there were only few studies with small
number of subjects that explored the incidence of AMI
according to stroke subtypes.>™

Determination of the risk and predictors of AMI after
AIS is important for the establishment of prevention
strategies for both AMI and stroke recurrence. In this
context, using a large AIS cohort from a nationwide
multicenter stroke registry in South Korea, we estimated
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the incidence of AMI after stroke, and explored factors
that might heighten risk of poststroke AMI.

METHODS

Study Population
This study was based on a multicenter prospec-
tive stroke registry, the CRCS-K (Clinical Research
Collaboration for Stroke in Korea) registry.'®'®
Patients with AIS who were admitted to 14 tertiary
or academic hospitals between January 2011 and
November 2013 and gave consent for a linkage to
secondary administrative data were included. The
CRCS-K registry database was linked to a national
claims database of the National Health Insurance
Service (NHIS).'” The NHIS has provided all citizens
of South Korea with a universal health insurance pro-
gram since 1989, and 97.1% of the Korean popula-
tion is covered by this program.'” The NHIS claims
database contains information on beneficiaries’ de-
mographic characteristics, diagnostic codes, pro-
cedures, and prescription records for hospitalization
and outpatient care. The claims database was linked
to the CRCS-K registry database using the claim
serial number that was generated for each claim at
each hospital for the purpose of reimbursement.'®
After the linkage process, patients were selected
according to the following inclusion criteria: (1) aged
>18 years, (2) admission within 7 days after symptom
onset, and (3) corresponding stroke lesions docu-
mented on brain imaging (magnetic resonance imaging
or computed tomography). We excluded those whose
stroke subtype was not specified.

Variables

Clinical information on demographics, vascular risk
factors, stroke characteristics, and other potential risk
factors of CHD was directly obtained from the CRCS-K
registry database. The following vascular risk factors
were chosen for study: hypertension, diabetes mel-
litus, hyperlipidemia, history of CHD, atrial fibrillation,
history of stroke or transient ischemia attack, and
smoking status. Symptomatic carotid artery disease
was defined as stenosis of >50% or occlusion of the
proximal internal carotid artery or the common carotid
artery ipsilateral to the ischemic lesion documented on
magnetic resonance imaging, computed tomography,
or conventional cerebral angiography.'® Initial stroke
severity was measured according to the National
Institutes of Health Stroke Scale score, and functional
status at discharge was assessed with the modified
Rankin Scale. Stroke subtypes were determined by
vascular neurologists in charge of patients’ treatment,
according to the Trial of Org 10172 in Acute Stroke
Treatment classification, with some modifications®’;
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the modifications were developed for the purpose of
considering magnetic resonance imaging findings and
the results of the reperfusion therapy for deciding the
cause of ischemic stroke.?® In addition, the following
variables were collected: antiplatelet and statin therapy
administration before the index stroke event and at
discharge, baseline systolic blood pressure, and labo-
ratory data, such as low-density lipoprotein (LDL) cho-
lesterol level, high-density lipoprotein (HDL) cholesterol
level, and glomerular filtration rate (GFR).?!

AMI was defined by the admission event claimed
under the disease code (International Classification of
Diseases, Tenth Revision [ICD-10]) 121* after index stroke
through linkage with the NHIS claims database. The AMI
events were further specified as ST-segment—elevation
myocardial infarction (MI) (codes 121.0-121.3), non-ST-
segment—elevation Ml (code 121.4), and fatal Ml, if a patient
died within 28 days after an AMI event.?? Data on mortal-
ity were obtained from national vital statistics reports.

Ethical Approval

The collection of clinical information and linkage of the
information with secondary databases for the purpose of
stroke research with informed consent were approved by
the local ethic committees at all participating centers. The
use of the CRCS-K registry database and its linkage with
the NHIS claims database for this study were approved
further by the Institutional Review Board of Seoul National
University Bundang Hospital (No. B-1511/322-106).

The data will not be available to other researchers
for the purpose of reproducing the results because of
local legal regulations regarding access to patient-level
data.

Statistical Analysis

The baseline characteristics of study subjects were
summarized as frequencies and percentages for cat-
egorical variables and as means with SDs for continu-
ous variables. If a variable was recorded in form of a
scale (eg, National Institutes of Health Stroke Scale or
modified Rankin Scale) or skewed, it was summarized
as the median and interquartile range.

The cumulative incidence of AMI up to 5 year after
the index stroke was estimated using the cumulative in-
cidence function, with mortality treated as a competing
risk for AMI, and is displayed on a yearly basis. The cu-
mulative incidence of AMI was determined for all study
subjects according to predetermined subgroups: aged
<70 versus >70 years, sex, history of hypertension, di-
abetes mellitus, CHD, and atrial fibrillation, presence of
symptomatic carotid artery disease, and stroke sub-
type. The differences between subgroups were evalu-
ated using the Grey test.

To determine the time trend of poststroke AMI inci-
dence and to identify the point of the highest risk of AMI,
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the annual risk of AMI after index stroke was calculated
on the basis of the survival estimates obtained using
the Grey method for all study subjects and via a post
hoc analysis in subgroups according to history of CHD,
stroke subtype, history of atrial fibrillation, and presence
of symptomatic carotid artery disease.?® For the first year,
the monthly risk was calculated using the same method.

A Cox proportional hazards regression analysis
was performed to explore risk factors of AMI after
AlS. The following predetermined covariates were
entered into the models: age, sex, vascular risk fac-
tors listed above, antiplatelet and statin use before
index stroke, systolic blood pressure, and laboratory
data, including LDL cholesterol, HDL cholesterol,
and GFR. To include a competing risk analysis into
the Cox models, a subdistribution hazard model
using the Fine and Grey method was adopted; a
cause-specific hazard model treating the competing
events as censored observations is also presented
as supporting data.* Age, LDL cholesterol, HDL
cholesterol, GFR, and systolic blood pressure were
dichotomized as follows: aged <70 versus >70 years,
LDL cholesterol <100 versus >100 mg/dL, HDL cho-
lesterol <40 versus >40 mg/dL, and GFR <60 versus
>60 mL/min per 1.73 m?. Considering multicollinear-
ity, stroke subtype and symptomatic carotid artery
disease/atrial fibrillation were alternatively introduced
into the multivariable models.

All tests were performed using SAS version 9.4 (SAS
Institute Inc, Cary, NC), and statistical significance was
declared with a 2-sided P value of <0.05.

RESULTS

Of 15,114 patients with AIS who were registered in the
database during the study period and provided con-
sent, 11 720 were analyzed for the study (Figure S1).
The mean age was 67 years, and 59% were men. Two
thirds of the study subjects had hypertension, and
one third had diabetes mellitus or hyperlipidemia. Of
the subjects, 9% had a history of CHD and 11% had
symptomatic carotid artery disease. As for stroke sub-
types, 37% had large-artery atherosclerosis, 18% had
small-vessel occlusion, and 21% had cardioembolism.
About 14% of the patients were using statin before
index stroke event, and 82% were prescribed statin at
discharge (Table 1).2°

The median follow-up duration was 4.0 years (in-
terquartile range, 3.2-4.9 years), and AMI occurred
in 218 patients (1.9%), while 3270 patients (27.9%)
died during this period. The cumulative incidence
of AMI was 11% at 1 year and 2.0% at 5 years
(Table 2 and Figure S2). Among the AMI events, there
were 69 (31.7%) ST-segment—elevation MIs and 52
(23.9%) non-ST-segment—elevation Mls, whereas
other 97 (44.5%) were not specified as either
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Table 1. Baseline Characteristics of the Study Subjects
(N=11 720)

Characteristics Values
Age, mean+SD, y 67.53+12.87
Men, N (%) 6888 (58.8)
Hypertension, N (%) 7917 (67.6)
Diabetes mellitus, N (%) 3834 (32.7)
Hyperlipidemia, N (%) 3776 (32.2)
Previous stroke or TIA, N (%) 2254 (19.2)
Current smoking, N (%) 3099 (26.4)
Symptomatic carotid artery disease, N (%) 1268 (10.8)
Atrial fibrillation, N (%) 2450 (20.9)
Coronary heart disease, N (%) 1067 (9.1)
Stroke subtype, N (%)
Large-artery atherosclerosis 4322 (36.9)
Small-vessel occlusion 2070 (17.7)
Cardioembolism 2506 (21.4)
Other determined* 254 (2.2)
Undetermined? 2568 (21.9)
Initial NIHSS, median (IQR) 3(1-8)
Discharge mRS score, median (IQR) 2 (1-4)
Previous antiplatelet use, N (%) 3295 (28.1)
Previous statin use, N (%) 1690 (14.4)
Antiplatelet use at discharge, N (%) 9097 (77.6)
Statin use at discharge, N (%) 9652 (82.4)
High-intensity statin use at discharge, N (%)* 3153 (26.9)
SBP, mean+SD, mm Hg 147.26+27.29
LDL cholesterol, mean+SD, mg/dL 111.62+36.43
HDL cholesterol, mean+SD, mg/dL 44.48+12.11
GFR, mean+SD, mL/min per 1.73 m? 102.48+46.42

GFR indicates glomerular filtration rate; HDL, high-density lipoprotein;
IQR, interquartile range; LDL, low-density lipoprotein; mRS, modified Rankin
Scale; NIHSS, National Institutes of Health Stroke Scale; SBP, systolic blood
pressure; and TIA, transient ischemic attack.

*Other determined cause was defined as rare causes of ischemic stroke
with diverse entities (details in study by Ko et al??).

fUndetermined cause was defined as follows: (1) not being classified as
large-artery atherosclerosis, small-vessel disease, or cardioembolism and
no cardioembolic source despite comprehensive workups; (2) no workup for
stroke cause; or (3) coexistence of >1 stroke cause.

*According to the American College of Cardiology/American Heart
Association Guideline on Treatment of Blood Cholesterol (2013) (>50%
reduction in LDL cholesterol).

ST-segment—elevation Ml or non-ST-segment—ele-
vation MI. AMI events were fatal in 33 patients (15.1%)
(Table S1). Ninety-six (44.0%) patients were admitted
to the same hospital, where they were treated for index
stroke. The subgroup analysis showed the greatest
difference in 5-year cumulative incidence between
those with and without a history of CHD (5.3% ver-
sus 1.6%; P<0.001), followed by those with and with-
out symptomatic carotid artery disease (3.1% versus
1.8%; P=0.007). There was no significant difference
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between men and women. The patients with cardi-
oembolism (2.38%), undetermined cause (2.23%),
and large-artery atherosclerosis (2.18%) had a sim-
ilar 5-year cumulative incidence, whereas those with
small-vessel occlusion had a much lower cumulative
incidence (0.84%; P=0.001) (Table 2 and Figure 1).
The 5-year cumulative incidence of AMI was higher in
ex-smokers (2.91%) than in current smokers (1.92%)
and nonsmokers (1.79%; P=0.012) (Figure S3).

The annual risk was highest in the first year after the
index stroke: 1.1% in the first year, followed by 0.2%,
0.3%, 0.3%, and 0.2% in the second, third, fourth, and
fifth years, respectively. When we focused on the first
year, the monthly risk was highest in the first month
(0.51%), followed by the second month (0.13%), and
then was <0.1% in the third month and afterwards
(Figure S4). The annual risk in patients with history of
CHD in the first year was 4.1%, which was much higher
than the risk in the following years and in those without
a history of CHD. The annual risk in the first year was
lowest in patients with small-vessel occlusion (0.3%)
compared with those with cardioembolism (1.6%),
undetermined stroke cause (1.4%), and large-artery
occlusion (1.0%). Also, those with symptomatic carotid
artery disease (1.8%) and atrial fibrillation (1.7%) had
higher annual risk in the first year than those without
the conditions (Figure 2).

In the multivariable analysis, a history of CHD was
the strongest predictor of poststroke AMI (Table 3).
Also, among stroke subtypes, cardioembolism, fol-
lowed by undetermined cause and large-artery ath-
erosclerosis, was associated with a higher risk of
poststroke AMI compared with small-vessel occlu-
sion. Other cardiovascular risk factors, such as hy-
pertension, diabetes mellitus, and history of stroke
or transient ischemia attack, also increased the risk
of poststroke AMI. Age >70 years increased the risk
in the cause-specific hazard model, but not in the
subdistribution hazard model (Table S2). In addition,
when atrial fibrillation and symptomatic carotid artery
disease were entered into the models as an alter-
native to stroke subtype, they increased the risk in
the cause-specific hazard models, but did not in the
subdistribution hazard models (Table S3). The results
of when age, systolic blood pressure, LDL choles-
terol, HDL cholesterol, and GFR systolic are treated
as continuous variables are provided in Tables S4
and Sb.

DISCUSSION

Using a recent large cohort of patients with AIS from a
nationwide multicenter stroke registry in South Korea,
we report on the 5-year incidence of poststroke AMI.
Among various subgroups, those of older age and
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Table 2. Cumulative Incidences of AMI After AIS for All Subgroups

Long-Term Risk of AMI After AIS

Cumulative Incidence, % (95% ClI)
Variable 1y 2y 3y 4y 5y P Value*
Total all patients 1.07 (0.89-1.27) 1.29 (1.10-1.51) 1.56 (1.35-1.80) 1.81 (1.68-2.07) 1.97 (1.72-2.26)
Aged <70y 0.85 (0.65-1.11) 1.05 (0.82-1.33) 1.26 (1.00-1.56) 1.42 (1.15-1.75) 1.61 (1.30-1.98) 0.0022
Aged >70y 1.31 (1.03-1.63) 1.56 (1.26-1.91) 1.90 (1.57-2.29) 2.25 (1.87-2.67) 2.38 (1.98-2.83)
Women 1.08 (0.81-1.40) 1.24 (0.96-1.59) 1.47 (1.16-1.84) 1.67 (1.33-2.07) 1.85 (1.47-2.29) 0.41
Men 1.06 (0.84-1.32) 1.32 (1.07-1.61) 1.63 (1.35-1.95) 1.91 (1.60-2.26) 2.06 (1.73-2.44)
No history of 0.58 (0.38-0.86) 0.71 (0.48-1.02) 0.89 (0.63-1.23) 1.06 (0.76-1.43) 1.23 (0.89-1.67) <0.001
hypertension
History of 1.30 (1.07-1.57) 1.57 (1.31-1.86) 1.88 (1.60-2.20) 217 (1.86-2.52) 2.33 (2.00-2.70)
hypertension
No history of 0.82 (0.64-1.04) 0.95 (0.76-1.18) 1.18 (0.96-1.44) 1.40 (1.16-1.69) 1.51 (1.24-1.82) <0.001
diabetes mellitus
History of diabetes 1.56 (1.21-2.00) 1.98 (1.58-2.46) 2.35 (1.90-2.86) 2.65 (217-3.20) 2.65 (217-3.20)
mellitus
No history of CHD 0.76 (0.61-0.94) 1.00 (0.82-1.20) 1.24 (1.04-1.46) 1.46 (1.24-1.71) 1.64 (1.39-1.92) <0.001
History of CHD 412 (3.05-5.44) 4.22 (3.13-5.54) 4.78 (3.61-6.18) 5.32 (4.07-6.79) 5.32 (4.07-6.79)
Stroke subtype 0.001
Large-artery 0.97 (0.71-1.30) 1.13 (0.85-1.49) 1.46 (1.13-1.85) 1.82 (1.45-2.26) 218 (1.73-2.71)
atherosclerosis
Small-vessel 0.29 (9.12-0.61) 0.53 (0.29-0.93) 0.73 (0.43-1.17) 0.84 (0.51-1.32) 0.84 (0.51-1.32)
occlusion
Cardioembolism 1.56 (1.13-2.10) 1.84 (1.36-2.42) 2.08 (1.57-2.69) 2.31 (1.77-2.97) 2.38 (1.82-3.04)
Other determined 0.79 (0.16-2.62) 0.79 (0.16-2.62) 1.18(0.33-3.20) 1.18(0.33-3.20) 1.18 (0.33-3.20)
Undetermined 1.40 (1.00-1.92) 1.67 (1.23-2.23) 1.95 (1.47-2.54) 215 (1.63-2.77) 2.23 (1.69-2.88)
No symptomatic 0.98 (0.80-1.18) 1.21 (1.01-1.43) 1.47 (1.26-1.72) 1.70 (1.46-1.97) 1.84 (1.58-2.13) 0.007
carotid artery
disease
Symptomatic 1.81 (1.18-2.67) 1.97 (1.31-2.85) 2.29 (1.57-3.22) 2.73 (1.93-3.75) 3.06 (2.16-4.20)
carotid artery
disease
No history of atrial 0.90 (0.72-1.10) 1.11 (0.91-1.34) 1.837 (1.15-1.62) 1.64 (1.39-1.92) 1.83 (1.55-2.14) 0.01
fibrillation
History of atrial 1.71 (1.26-2.29) 1.96 (1.47-2.57) 2.29 (1.75-2.94) 2.47 (1.90-3.14) 2.53(1.96-3.22)
fibrillation

AIS indicates acute ischemic stroke; AMI, acute myocardial infarction; and CHD, coronary heart disease.

*P values determined with the Grey test.

those with vascular risk factors, especially a history of
CHD, had a higher cumulative incidence up to 5 years
after AIS. The incidence also differed according to
stroke subtype; those with small-vessel occlusion had
lower incidence compared with those with cardioem-
bolism, undetermined cause, and large-artery athero-
sclerosis. The risk of AMI was highest in the first year
after AIS.

Several previous studies have reported incidence of
AM I after stroke.®® However, these studies were limited
by small sample size or not being confined to patients
with AIS.426-28 A recent meta-analysis of >130 000
patients showed that the annual risk of poststroke
AMI is 1.67%.5 However, this meta-analysis reported
on patient data from observational studies and clinical
trials of diverse populations, and follow-up durations
and definitions of AMI across those studies differed.

J Am Heart Assoc. 2021;10:e018807. DOI: 10.1161/JAHA.120.018807

In addition, the study could not examine whether the
incidence of AMI varied by stroke subtype because of
a lack of such data. In contradistinction, our study ana-
lyzed the incidence of poststroke AMI using real-world
data starting at stroke onset, and the analysis was
stratified by various subgroups, including the follow-
ing factors: demographics, vascular risks, and stroke
subtype.

We found a generally low risk of AMI, with the an-
nual risk <1%, except in study subjects with known
CHD during the first year after AIS. This is lower than
what was reported in previous studies.®'#2629 The re-
cent meta-analysis, however, showed a continuous
decrease in the incidence of poststroke AMI,® which
might be attributed to improvement in poststroke
management, including administration of statin. It is
noteworthy that our study was conducted after the
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Figure 1. Cumulative incidence of acute myocardial infarction after ischemic stroke among subgroups.
A, History of coronary artery disease. B, Stroke subtype. C, Symptomatic carotid artery disease. D, Atrial fibrillation. CE,
cardioembolism; LAA, large artery atherosclerosis; SVO, small vessel occlusion.

SPARCL (Stroke Prevention by Aggressive Reduction
in Cholesterol Levels) trial, which demonstrated the
beneficial effect of high-intensity statin in a predomi-
nantly AIS population.®® More than 80% of our study
subjects were on statin therapy at hospital discharge,
even though only 30% were diagnosed as having hy-
perlipidemia. There was a 68% increase in statin use
after stroke; only 14% were on statin before index
stroke (Table 1). A secondary analysis of the SPARCL
trial showed that patients randomized to high-inten-
sity statin experienced coronary events less frequently

J Am Heart Assoc. 2021;10:e018807. DOI: 10.1161/JAHA.120.018807

compared with those randomized to placebo, regard-
less of stroke subtype, and the reduction in coronary
events was greater than that for stroke events.®’

Thus, it may not be surprising that our study
showed a much lower incidence of AMI than previous
studies. For example, the aforementioned meta-anal-
ysis included only 5 of 58 studies that enrolled study
subjects during the period after the publication of the
SPARCL trial in 2006.° Despite the overall low inci-
dence of poststroke AMI in our study, the high risk
of AMI in the first year after AIS and in those with a
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Figure 2. Annual risk of acute myocardial infarction after index stroke event.
A, History of coronary artery disease. B, Stroke subtype. C, Symptomatic carotid artery disease. D, Atrial fibrillation.

history of CHD suggests that it may be prudent to
focus surveillance and preventative cardiovascular
therapy for AMI on those with a history of CHD and
certain vascular risk factors or specific stroke sub-
types, as noted in our study.

The incidence of AMI was highest in the first year
and especially during the first 2 months after AIS
(Figure S4). Higher recurrence rate during the early
period after index event is shown in patients with AMI
or stroke.'?3233 Not sufficiently controlled vascular risk
factors or comorbidities during the early period after
index event and ongoing disease process, such as

J Am Heart Assoc. 2021;10:e018807. DOI: 10.1161/JAHA.120.018807

atherosclerosis or inflammation, provoked by index
event could be explainable mechanisms.$?3435 Also,
poststroke cardiac arrhythmias could be another pos-
sible cause of AMI after AIS.36

The incidence of AMI in East Asia, for example, may
be lower than in traditional Western countries.®” The
estimated age-standardized incidence rate of hospital-
ized MI was 39 cases per 100 000 person-years in
2011 in Korea,®® which was much lower than that of
677 per 100 000 person-years in the same year in the
United States.®° Differences in dietary and lifestyle fac-
tors may explain, at least in part, the lower incidence
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Table 3. Predictors of AMI Up to 5 Years After AIS

Hazard Ratio (95%

Variable Cl) P Value*
Aged >70y 1.33(0.995-1.78) 0.054
Male sex 1.16 (0.85-1.58) 0.36
Hypertension 1.50 (1.05-2.14) 0.03
Diabetes mellitus 1.72 (1.31-2.26) <.001
Previous stroke or TIA 1.41 (1.03-1.93) 0.06
Coronary heart disease 2.84 (2.01-3.93) <.001
Current smoker 1.07 (0.75-1.53) 0.69
Stroke subtype 0.015

Large-artery 2.03 (1.20-3.44)

atherosclerosis

Small-vessel occlusion Reference

Cardioembolism 2.60 (1.44-4.70)

Other determined 1.76 (0.51-6.04)

Undetermined 2.55 (1.47-4.41)
Antiplatelet use at 1.15 (0.79-1.68) 0.45
discharge
Statin use at discharge 1.20 (0.82-1.75) 0.35
LDL-C =100 mg/dL 1.18(0.88-1.58) 0.27
HDL-C <40 mg/dL 1.23 (0.94-1.61) 013
SBP =140 mm Hg 0.81 (0.62-1.06) 013
GFR <60 mL/min per 1.21 (0.85-1.70) 0.29
173 m?

AIS indicates acute ischemic stroke; AMI, acute myocardial infarction;
GFR, glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; and
TIA, transient ischemic attach.

*Subdistribution hazard model by Fine and Grey.

of AMI in East Asian countries.®” Our results provide
valuable race-ethnic observations on East Asian pa-
tients with stroke.

Current smokers seemed not to have higher in-
cidence of AMI after AIS in our study (Table 3 and
Figure S3). This could be explained in line with the
well-known “smokers’ paradox” of better prognosis
in smokers than nonsmokers.*° This phenomenon
is usually explained as current smokers are much
younger and healthier than nonsmokers at the time of
index event, and we were also able to find in our study
that current smokers were much younger compared
with ex-smokers or nonsmokers (age, 60.6+12.4
versus 69.2+11.2 versus 70.2+12.3 years in current
smokers, ex-smokers, and nonsmokers, respectively).

Our study results are similar to those of earlier
work. First, the 10-year risk of AMI after ischemic
stroke or transient ischemia attack in the OxVasc
(Oxford Vascular Study) cohort, with a median fol-
low-up duration of 5.6 years, was much higher in
those with CHD.2° However, the 10-year risk in those
without CHD was about 8%, which may not be con-
cordant with our results. This might be explained
by the older age of the non-CHD population (mean
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age, 73 years) and the earlier enrollment epoch (from
2002) in the OxVasc. Second, patients with embolic
stroke had a significantly higher risk of poststroke
AMI in the NOMAS (Northern Manhattan Study).'42®
Atrial fibrillation is known to be a risk factor of AMI,
as atrial fibrillation may cause thromboembolism,
and high heart rates evoked by atrial fibrillation might
impair coronary perfusion and lead to demand (type
2) MI.4" The comparable risk in those with stroke of
undetermined cause could be explained by the co-
existence of large-artery atherosclerosis and cardio-
embolic sources and the potential for the existence
of undetected (ie, subclinical) AF in this stroke sub-
type."" The recent widespread use of non-vitamin K
oral anticoagulants seemed to have a little effect on
the AMI incidence in this study as they were not al-
lowed for preventing atrial fibrillation—related stroke in
most cases until the middle of 2015 in Korea.* Third,
the risk of poststroke AMI was highest in the first year
after index stroke in a study performed by the Virtual
International Stroke Trials Archive collaboration,3* al-
though the aforementioned recent meta-analysis did
not show any time trend.® This discrepancy may be
explained by the fact that our study and the study by
the Virtual International Stroke Trials Archive collabo-
ration included only patients with AIS and started to
capture AMI from the early period after stroke onset,
whereas, among 58 studies included in the recent
meta-analysis, 15 studies confined study subjects to
AlS and 9 to those enrolled within 7 days from onset.

Our study has limitations. First, as AMI events were
captured using the diagnosis code of the claims data,
the incidence of AMI could be underestimated or over-
estimated. Previous validation studies in South Korea,
however, reported that the accuracy of the diagnosis
code for AMI was >70%.434% Second, the study sub-
jects were South Koreans who were admitted to ac-
ademic or tertiary stroke centers, which may limit the
generalizability of the study results. Third, AMI events
occurring during hospitalization and associated with
the index stroke were not included. Fourth, because
of the Personal Information Protection Act, only the pa-
tients who gave their informed consent for a linkage
between the registry and the secondary administrative
databases were included in this study. Although the
consent rate was as high as 92.4%,%5 there could be
a possible selection bias, such as the fact that those
who were more disabled or died during hospitalization
were not included in our study.

To date, our study is the single largest one reporting
on the incidence of AMI in a single race-ethnic group
over a relatively long period of time after AIS. Although
the general incidence of poststroke AMI seems to be
low, individuals with a history of CHD have a higher risk
and thus may require more surveillance and preventa-
tive attention, especially during the first year after stroke.
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CRCS-K Investigators:

Beom Joon Kim, MD, PhD (Seoul National University Bundang Hospital, site
investigator); Hee-Joon Bae, MD, PhD (Seoul National University Bundang Hospital,
site investigator); Moon-Ku Han, MD, PhD (Seoul National University Bundang
Hospital; site investigator); Jihoon Kang, MD (Seoul National University Bundang
Hospital; site investigator); Jun Yup Kim, MD (Seoul National University Bundang
Hospital; site investigator); Joon-Tae Kim, MD, PhD (Chonnam National University
Hospital, site investigator); Ki-Hyun Cho, MD, PhD (Chonnam National University
Hospital, site investigator); Man-Seok Park, MD, PhD (Chonnam National University
Hospital, site investigator); Kang-Ho Choi, MD (Chonnam National University
Hospital, site investigator); Dong-Ick Shin, MD, PhD (Chungbuk National University
Hospital, site investigator); Jae-Kwan Cha, MD, PhD (Dong-A University Hospital,
site investigator); Dae-Hyun Kim, MD, PhD (Dong-A University Hospital, site
investigator); Dong-Eog Kim, MD, PhD (Dongguk University Ilsan Hospital, site
investigator); Wi-Sun Ryu, MD, PhD (Dongguk University Ilsan Hospital, site
investigator); Jong-Moo Park, MD, PhD (Eulji General Hospital, site investigator);
Kyusik Kang, MD, PhD (Eulji General Hospital, site investigator); Soo Joo Lee, MD,
PhD (Eulji University Hospital, site investigator); Jae Guk Kim, MD (Eulji University
Hospital, site investigator); Mi-Sun Oh, MD, PhD (Hallym University Sacred Heart
Hospital, site investigator); Kyung-Ho Yu, MD, PhD (Hallym University Sacred
Heart Hospital, site investigator); Byung-Chul Lee, MD, PhD (Hallym University
Sacred Heart Hospital, site investigator); Keun-Sik Hong, MD, PhD (Inje University
Ilsan Paik Hospital, site investigator); Yong-Jin Cho, MD, PhD (Inje University Ilsan

Paik Hospital, site investigator); Jay Chol Choi, MD, PhD (Jeju National University
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Hospital, site investigator); Sung-11 Sohn, MD, PhD (Keimyung University Dongsan
Medical Center, site investigator); Jeong-Ho Hong, MD, PhD (Keimyung University
Dongsan Medical Center, site investigator); Tai Hwan Park, MD, PhD (Seoul Medical
Center, site investigator); Sang-Soon Park, MD (Seoul Medical Center, site
investigator); Jee-Hyun Kwon, MD, PhD (Ulsan University Hospital, site
investigator), Wook-Joo Kim, MD (Ulsan University Hospital, site investigator);
Kyung Bok Lee, MD, PhD (Soon Chun Hyang University Hospital, site investigator);
Jun Lee, MD, PhD (Yeungnam University Medical Center, site investigator);

Ji Sung Lee, PhD (Asan Medical Center, statistical analysis), Juneyoung Lee, PhD

(Korea University, statistical analysis and data management)



Table S1. Cumulative incidences of AMI after ischemic stroke according to its subtypes.

Cumulative incidence, % (95% CI)
1-year 2-year 3-year 4-year 5-year
Fatal MI 0.2(0.1-0.3) | 0.2(0.1-0.3) | 0.3(0.2-04) | 0.3(0.2-0.4) | 0.3(0.2-0.4)
N of patients 23 25 31 33 33
Non-fatal MI 0.9 (0.7-1.1) 1.1 (0.9-1.3) 1.3 (1.1-1.5) | 1.5(1.3-1.8) 1.7 (1.5-2.0)
N of patients 102 126 152 174 183
STEMI 0.4 (0.3-0.5) | 0.4(0.3-0.6) | 0.5(0.4-0.7) | 0.6(0.5-0.7) | 0.6(0.5-0.8)
N of patients 41 50 61 67 69
NSTEMI 0.2(0.1-03) | 0.3(0.2-0.4) | 0.3(0.2-0.5) | 0.4(0.3-0.6) | 0.5(0.4-0.6)
N of patients 22 30 39 47 50
Unspecitied 0.5(0.4-0.7) | 0.6(0.5-0.8) | 0.7(0.6-0.9) | 0.8(0.7-1.0) | 0.9(0.7-1.1)
N of patients 62 71 83 93 97
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Cl, cumulative incidence; MI, myocardial infarction; STEMI, ST-elevation myocardial infarction;
NSTEMI, non-ST-elevation myocardial infarction



Table S2. Predictors of acute myocardial infarction and mortality up to 5-years after ischemic

stroke (Cause-specific hazard model) .

Hazard ratio (95% CI)

Acute myocardial infarction

Mortality

Age>70 1.54 (1.15-2.06) 3.78 (3.47-4.11)
Male sex 1.15(0.84-1.57) 1.04 (0.97-1.12)
Hypertension 1.50 (1.05-2.15) 1.06 (0.97-1.15)
Diabetes 1.78 (1.36-2.35) 1.32 (1.23-1.42)

Previous stroke or TIA

1.37 (1.01-1.85)

1.23 (1.14-1.33)

Coronary heart disease

2.87(2.07-3.97)

1.14 (1.03-1.26)

Current smoker

1.08 (0.76-1.54)

1.02 (0.93-1.12)

Stroke subtype

Large artery atherosclerosis

2.12 (1.25-3.59)

1.89 (1.65-2.17)

Small vessel occlusion

[Reference]

[Reference]

Cardioembolism 2.93(1.61-5.32) 2.74 (2.36-3.17)
Other determined 1.99 (0.58-6.85) 2.95(2.24-3.88)
Undetermined 2.77 (1.60-4.78) 2.34 (2.03-2.70)

Antiplatelet use at discharge

1.05 (0.71-1.53)

0.73 (0.67-0.79)

Statin use at discharge

1.03 (0.71-1.50)

0.59 (0.54-0.64)

LDL-C>100mg/dL

1.20 (0.89-1.61)

0.99 (0.92-1.07)

HDL-C<40mg/dL

1.21 (0.93-1.58)

0.96 (0.90-1.04)

SBP>140mmHg

0.81 (0.62-1.07)

1.04 (0.97-1.11)

GFR<60mL/min/1.73m?

1.39 (0.98-1.97)

1.95 (1.79-2.12)
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CI, confidence interval; TIA, transient ischemic attack; SBP, systolic blood pressure; LDL, low-density

lipoprotein; HDL, high-density lipoprotein; GFR, glomerular filtration rate



Table S3. Predictors of acute myocardial infarction and mortality up to S-years after ischemic
stroke (symptomatic carotid artery disease and atrial fibrillation added to the model instead of stroke

subtype).

Hazard ratio (95% CI)

Acute myocardial infarction

Mortality

Subdistribution hazard Cause-specific

model

hazard model

Age>70 1.33(0.99-1.78) 1.53 (1.14-2.05) 3.65 (3.35-3.97)
Male sex 1.15 (0.84-1.57) 1.13 (0.83-1.55) 1.01 (0.94-1.09)
Hypertension 1.47 (1.03-2.10) 1.48 (1.04-2.11) 1.04 (0.96-1.13)
Diabetes 1.69 (1.28-2.22) 1.74 (1.32-2.29) 1.29 (1.20-1.38)

Previous stroke or TIA

1.34 (0.99-1.81)

1.36 (1.00-1.84)

1.22 (1.13-1.32)

Atrial fibrillation

1.36 (0.93-2.00)

1.49 (1.00-2.23)

1.47 (1.34-1.61)

Coronary heart disease

2.88 (2.08-4.00)

2.92 (2.10-4.04)

1.16 (1.04-1.28)

Current smoker

1.06 (0.74-1.51)

1.07 (0.75-1.53)

1.01 (0.92-1.11)

Symptomatic carotid artery
stenosis

1.35(0.94-1.94)

1.50 (1.04-2.15)

1.69 (1.55-1.85)

Antiplatelet use at discharge

1.12 (0.75-1.67)

1.02 (0.67-1.54)

0.69 (0.63-0.75)

Statin use at discharge

1.20 (0.82-1.75)

1.03 (0.71-1.50)

0.58 (0.54-0.63)

LDL-C>100mg/dL

1.18 (0.88-1.57)

1.20 (0.89-1.61)

0.98 (0.92-1.06)

HDL-C<40mg/dL

1.23 (0.94-1.61)

1.21 (0.92-1.58)

0.96 (0.89-1.03)

SBP>140mmHg

0.79 (0.60-1.04)

0.79 (0.61-1.04)

1.02 (0.95-1.09)

GFR<60mL/min/1.73m?

1.21 (0.85-1.71)

1.39 (0.98-1.97)

1.94 (1.78-2.11)
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CI, confidence interval; TIA, transient ischemic attack; SBP, systolic blood pressure; LDL, low-density

lipoprotein; HDL, high-density lipoprotein; GFR, glomerular filtration rate
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Table S4. Predictors of acute myocardial infarction and mortality up to 5-years after ischemic

stroke (age, systolic blood pressure, low-density lipoprotein, high-density lipoprotein,
glomerular filtration rate as continuous variables).
Hazard ratio (95% CI)
Acute myocardial infarction
Subdistribution hazard Mortality

model

Cause-specific
hazard model

Age (by 10 years-old)

1.19 (1.04-1.36)

1.31 (1.13-1.51)

2.18 (2.09-2.27)

Male sex 1.16 (0.84-1.62) 1.15(0.83-1.61) 1.13 (1.04-1.22)
Hypertension 1.43 (1.00-2.03) 1.42 (1.00-2.01) 1.00 (0.93-1.09)
Diabetes 1.70 (1.29-2.25) 1.76 (1.34-2.33) 1.39 (1.30-1.50)

Previous stroke or TIA

1.34(0.99-1.81)

1.36 (1.01-1.83)

1.26 (1.17-1.36)

Coronary heart disease

2.88 (2.09-3.96)

2.90 (2.11-3.99)

1.15 (1.04-1.27)

Current smoker

1.11 (0.78-1.58)

1.13 (0.79-1.61)

1.15 (1.05-1.27)

Stroke subtype

Large artery atherosclerosis

1.99 (1.17-3.38)

2.08 (1.23-3.53)

1.85 (1.62-2.12)

Small vessel occlusion

[Reference]

[Reference]

[Reference]

Cardioembolism 2.58 (1.42-4.66) 2.91(1.61-5.29) 2.61(2.26-3.02)
Other determined 1.96 (0.57-6.76) 2.33(0.67-8.08) 4.19 (3.18-5.52)
Undetermined 2.51(1.44-4.37) 2.74 (1.58-4.74) 2.27(1.97-2.62)

Antiplatelet use at discharge

1.16 (0.80-1.69)

1.05 (0.72-1.55)

0.73 (0.67-0.79)

Statin use at discharge

1.17 (0.80-1.71)

1.00 (0.69-1.46)

0.59 (0.55-0.64)

LDL-C (mmol/L)

1.17 (1.00-1.36)

1.17 (1.01-1.37)

1.01 (0.97-1.05)

HDL-C (mmol/L)

0.64 (0.40-1.03)

0.63 (0.39-1.02)

0.94 (0.84-1.05)

SBP (by 10mmHg)

0.98 (0.93-1.03)

0.98 (0.93-1.03)

1.00 (0.98-1.01)

GFR (mL/min/1.73m?)

0.998 (0.994-1.002)

0.997 (0.992-1.001)

0.996 (0.995-0.997)

Cl, confidence interval; TIA, transient ischemic attack; SBP, systolic blood pressure; LDL, low-density

lipoprotein; HDL, high-density lipoprotein; GFR, glomerular filtration rate
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Table S5. Predictors of acute myocardial infarction and mortality up to 5-years after ischemic
lipoprotein, high-density lipoprotein,
glomerular filtration rate as continuous variables and symptomatic carotid artery disease and atrial
fibrillation added to the model instead of stroke subtype).

stroke

(age,

systolic blood pressure,

low-density

Hazard ratio (95% CI)

Acute myocardial infarction

Subdistribution hazard

Cause-specific

Mortality

model

hazard model

Age (by 10 years-old)

1.19 (1.04-1.36)

1.29 (1.12-1.50)

2.15 (2.06-2.24)

Male sex 1.16 (0.83-1.61) 1.14 (0.81-1.59) 1.09 (1.01-1.18)
Hypertension 1.41 (1.00-2.01) 1.41 (0.99-1.99) 0.99 (0.91-1.08)
Diabetes 1.67 (1.26-2.21) 1.72 (1.30-2.28) 1.37 (1.27-1.47)

Previous stroke or TIA

1.34 (1.00-1.81)

1.35 (1.00-1.83)

1.26 (1.16-1.36)

Atrial fibrillation

1.34 (0.92-1.96)

1.47 (0.99-2.18)

1.39 (1.27-1.52)

Coronary heart disease

2.93 (2.12-4.04)

2.95(2.14-4.07)

1.16 (1.05-1.29)

Current smoker

1.08 (0.76-1.54)

1.11 (0.78-1.59)

1.14 (1.04-1.26)

Symptomatic carotid artery
stenosis

1.32(0.92-1.90)

1.45 (1.01-2.09)

1.63 (1.49-1.78)

Antiplatelet use at discharge

1.12 (0.75-1.67)

1.01 (0.67-1.53)

0.68 (0.62-0.74)

Statin use at discharge

1.17 (0.80-1.70)

1.00 (0.69-1.45)

0.59 (0.54-0.64)

LDL-C (mmol/L)

1.17 (1.00-1.36)

1.18 (1.01-1.37)

1.00 (0.97-1.05)

HDL-C (mmol/L)

0.64 (0.40-1.03)

0.63 (0.39-1.03)

0.95 (0.84-1.06)

SBP (by 10mmHg)

0.97 (0.92-1.02)

0.97 (0.92-1.02)

0.99 (0.98-1.00)

GFR (mL/min/1.73m?)

0.998 (0.994-1.002)

0.997 (0.992-1.001)

0.996 (0.995-0.997)

lipoprotein; HDL, high-density lipoprotein; GFR, glomerular filtration rate

CI, confidence interval; TIA, transient ischemic attack; SBP, systolic blood pressure; LDL, low-density
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Figure S1. Patient selection.
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Figure S2. Cumulative incidence of acute myocardial infarction after ischemic stroke for

subgroups.
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Figure S3. Cumulative incidence of acute myocardial infarction after ischemic stroke

according to smoking status.
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Figure S4. Annual and monthly risk of acute myocardial infarction after acute ischemic stroke.
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