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Background-—The duration of heightened stroke risk after acute myocardial infarction (MI) remains uncertain.

Methods and Results-—We performed a retrospective cohort study using claims between 2008 and 2015 from a nationally
representative 5% sample of Medicare beneficiaries aged ≥66 years. Both acute MI and ischemic stroke were ascertained using
previously validated International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM ), diagnosis codes. To
exclude periprocedural strokes from percutaneous coronary intervention, we did not count strokes occurring during an acute MI
hospitalization. Patients were censored at the time of ischemic stroke, death, end of Medicare coverage, or September 30, 2015.
We fit Cox regression models separately for the groups with and without acute MI to examine its association with ischemic stroke
after adjustment for demographics, stroke risk factors, and Charlson comorbidities. We used the corresponding survival
probabilities to compute the hazard ratio in each 4-week interval after discharge. Confidence intervals were computed using the
nonparametric bootstrap method. Among 1 746 476 eligible beneficiaries, 46 182 were hospitalized for acute MI and 80 466 for
ischemic stroke. After adjustment for demographics, stroke risk factors, and Charlson comorbidities, the risk of ischemic stroke
was highest in the first 4 weeks after discharge from the MI hospitalization (hazard ratio: 2.7; 95% confidence interval, 2.3–3.2),
remained elevated during weeks 5 to 8 (hazard ratio: 2.0; 95% confidence interval, 1.6–2.4) and weeks 9 to 12 (hazard ratio: 1.6;
95% confidence interval, 1.3–2.0), and was no longer significantly elevated afterward.

Conclusions-—Acute MI is associated with an elevated risk of ischemic stroke that appears to extend beyond the 1-month window
that is currently considered the at-risk period. ( J Am Heart Assoc. 2018;7:e010782. DOI: 10.1161/JAHA.118.010782)
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S troke is a serious complication of acute myocardial
infarction (MI).1,2 Patients with ischemic stroke after

acute MI have greater morbidity and higher rates of both
short- and long-term mortality compared with patients without
stroke.1,3–7 Acute MI is considered an etiological cause of
ischemic stroke if it occurs within 1 month of the stroke,8,9

and ongoing randomized clinical trials evaluating embolic
strokes of undetermined source exclude patients with acute
MI only during this time frame.10,11 However, prior studies on
the relationship between acute MI and ischemic stroke have
not elucidated the precise duration of heightened stroke
risk.6,7,12–14 We therefore aimed to assess the magnitude and
duration of ischemic stroke risk following acute MI in a large,
heterogeneous sample of patients. We hypothesized that
acute MI would be independently associated with a height-
ened risk of ischemic stroke beyond the 1-month window that
is currently considered the at-risk period.8,9

Methods

Design
We performed a retrospective cohort study using inpatient
and outpatient claims data from a 5% sample of Medicare
beneficiaries. The US Centers for Medicare and Medicaid
Services (CMS) provide health insurance to a large majority
of American residents once they reach 65 years of age.
CMS data sets are available for research and include data on
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claims submitted by hospitals and providers in the course of
Medicare beneficiaries’ clinical care.15 Each claim includes
the date of service and International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
diagnosis codes. A unique and anonymous identifier code
can link multiple claims for a given patient, allowing for a
comprehensive and longitudinal analysis of each benefi-
ciary’s care over time. The data reported in this study are
available upon reasonable request from the corresponding
author. The Weill Cornell Medicine institutional review board
approved this study and waived the requirement for
informed consent.

Patient Population
In keeping with standard practice in analyzing Medicare
data,15 we limited our cohort to beneficiaries with continuous
coverage in traditional fee-for-service Medicare (both Parts A
and B) for at least 1 year (or until death, if applicable).
Because Medicare eligibility generally begins at age 65 years,
we included only patients aged ≥66 years to allow time for
beneficiaries to enter medical care and for their providers to
document any preexisting medical comorbidities.

Measurements
Our exposure variable was acute MI, defined using ICD-9-CM
code 410.x1 in the first or second hospital discharge
diagnosis position. Hospitalizations for MI lasting >180 days
or <3 days were excluded. This algorithm has been validated
as having a positive predictive value of 94% for acute MI
compared with detailed medical chart review.16 Patients with
multiple visits for acute MI were entered into the analysis at
the time of their initial visit for acute MI. To focus on the post-
MI time period and to exclude any strokes that may have been
due to percutaneous coronary intervention for the acute MI,
we excluded patients who had a claim for an ischemic stroke
before or during the index hospitalization for acute MI.

We ascertained demographic characteristics including age,
sex, and race from the CMS denominator file. The following
vascular risk factors and comorbidities were ascertained from
ICD-9-CM codes: hypertension, diabetes mellitus, atrial fibril-
lation, congestive heart failure, valvular heart disease,
peripheral vascular disease, chronic kidney disease, chronic
obstructive pulmonary disease, alcohol abuse, and tobacco
use. We also used ICD-9-CM codes to ascertain Charlson
comorbidities.17

Outcome
All patients were followed for the primary outcome of
ischemic stroke, defined as a hospitalization with ICD-9-CM
codes 433.x1, 434.x1, or 436 in any diagnosis code position
in the absence of a primary discharge code for rehabilitation
(V57) or any codes for subarachnoid hemorrhage (430),
intracerebral hemorrhage (431), or trauma (800–804 and
850–854). This combination of diagnosis codes has been
found to have sensitivity of 86% and specificity of 95% for
ischemic stroke.18

Statistical Analysis
Patients’ baseline characteristics were compared using the v2

test and the t test, as appropriate. Patients were censored at
the time of ischemic stroke, death, end of Medicare coverage,
or September 30, 2015 (introduction of ICD-10-CM). We fit
Cox regression models separately for the groups with and
without acute MI to examine its association with ischemic
stroke while adjusting for demographics, stroke risk factors,
and Charlson comorbidities. Because the goal of the study
was to isolate the association between MI and stroke, rather
than to build a parsimonious prediction model, all covariates
were included in the model regardless of statistical signifi-
cance. We used the corresponding survival probabilities to
compute the hazard ratio in each 4-week interval after
discharge. Confidence intervals (CIs) were computed using
the nonparametric bootstrap function. We performed 4
sensitivity analyses. First, to exclude strokes potentially
caused by coronary reperfusion procedures that occurred
after discharge for acute MI, we performed a sensitivity
analysis in which we censored patients at the time of
cardiac catheterization or coronary bypass grafting after
hospitalization for acute MI. We used the diagnostic code
algorithms of previous studies and billing guidelines to identify
cardiac catheterization or coronary artery bypass grafting
procedures.19–21 Second, to exclude strokes potentially
caused by atrial fibrillation, we performed a sensitivity
analysis in which we censored patients with atrial fibrillation
before or during the hospitalization for MI. Third, to exclude
strokes potentially caused by atrial fibrillation that developed

Clinical Perspective

What Is New?

• Acute myocardial infarction is associated with an elevated
risk of ischemic stroke that extends beyond the 1-month
time window that is currently considered the at-risk period.

What Are the Clinical Implications?

• The results of our study may allow clinicians to more
accurately counsel patients regarding their stroke etiology
and may allow refinement of stroke etiological classification
systems and clinical trial selection criteria.
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newly after MI, we performed a sensitivity analysis in which
we censored patients at the time of atrial fibrillation that
occurred after hospitalization for acute MI. Fourth, to evaluate
the effect of misclassification among ICD-9-CM codes, we
performed an additional sensitivity analysis in which we
assumed a 15% rate of misclassification among both acute MI
and acute ischemic stroke ICD-9-CM diagnosis codes. We also
performed a subgroup analysis evaluating the risk of ischemic
stroke by MI type: ST-segment–elevation MI (STEMI) and non-
STEMI (NSTEMI). As per prior studies, STEMI was defined
using ICD-9-CM codes 410.01, 410.11, 410.21, 410.31,
410.41, 410.51, 410.51, 410.61, 410.81, and 410.91, and
NSTEMI was defined using ICD-9-CM code 410.71.22 Finally,
using stroke as a time-varying covariate, we evaluated the 1-
year mortality rate among patients with and without stroke
after MI. Statistical analyses were performed using R version
3.3.1 (R Foundation for Statistical Computing). The threshold
of statistical significance was set at a=0.05.

Cohort-Crossover Analysis
To assess whether our findings might have been caused by a
lack of adjustment for variables not available in Medicare
claims data, we performed a cohort-crossover analysis in
which each patient served as his or her own control. Using the
McNemar test for matched data, we compared the risk of
ischemic stroke in successive 4-week periods during the first
year after MI versus the corresponding 4-week periods 1 year
later. To avoid immortal time bias, we limited our cohort to
patients who either remained alive and insured for at least
24 months after the index hospitalization or who had a fatal
stroke before 24 months. Similar to the primary analysis, we
included only ischemic strokes occurring after discharge from
the MI hospitalization.

Results
Among the 1 746 476 eligible beneficiaries in our sample, we
identified 46 182 (2.6%) patients with acute MI. The mean age
of patients with acute MI was 79.0�8.1 years. Compared with
patients without acute MI, patients with acute MI were older,
were more often male, and had higher rates of stroke risk
factors (Table 1). Over a mean follow-up of 4.6�2.2 years,
80 466 patients were hospitalized with an acute ischemic
stroke. Patients with stroke were older, were more often
female, and had a higher burden of stroke risk factors
(Table 2).

After adjustment for demographics, stroke risk factors, and
Charlson comorbidities, the risk of ischemic stroke was
highest in the first 4 weeks after discharge from the MI
hospitalization (hazard ratio: 2.7; 95% CI, 2.3–3.2), remained

substantially elevated during weeks 5 to 8 (hazard ratio: 2.0;
95% CI, 1.6–2.4) and weeks 9 to 12 (hazard ratio: 1.6; 95% CI,
1.3–2.0), and was no longer significantly elevated afterward
(Table 3, Figure).

Our results were unchanged in the first sensitivity analysis
in which we censored patients at the time of cardiac
catheterization or coronary bypass grafting after discharge
for acute MI (Table 3). Our results were similar in the second
sensitivity analysis in which we excluded patients with a prior
or concurrent diagnosis of atrial fibrillation during the
hospitalization for acute MI. In addition, our results were
similar, although more attenuated, in the third sensitivity
analysis in which we censored patients at the time of atrial
fibrillation after discharge for acute MI (Table 3). Finally, our
results were unchanged in the fourth sensitivity analysis in
which we assumed a 15% rate of misclassification among both
acute MI and ischemic stroke ICD-9-CM diagnosis codes
(Table 3).

Of the 46 182 patients with MI, 18 637 (40%) had STEMI
and 27 545 (60%) had NSTEMI. The risk of ischemic stroke
was elevated for 12 weeks after both STEMI and NSTEMI and
was no longer significantly elevated afterward (Table 4).

We found that the 1-year mortality rate in patients with
acute MI but without stroke was 37.1% (95% CI, 36.7–37.5%).

Table 1. Characteristics of a 5% Sample of Medicare
Beneficiaries, Stratified by Presence of Acute MI

Characteristic Acute MI (n=46 182)
No Acute MI
(n=1 700 294)

Age, y, mean�SD, y 79.0�8.1 73.3�7.7

Female 23 466 (50.8) 974 639 (57.3)

Race

White 40 437 (87.6) 1 463 628 (86.1)

Black 3557 (7.7) 133 570 (7.9)

Other 2188 (4.7) 103 096 (6.0)

Hypertension 41 592 (90.1) 858 565 (50.5)

Diabetes mellitus 22 152 (48.0) 344 821 (20.3)

Congestive heart failure 24 226 (52.5) 103 381 (6.1)

Peripheral vascular disease 11 477 (24.9) 101 564 (6.0)

Chronic obstructive
pulmonary disease

14 702 (31.8) 173 310 (10.2)

Chronic kidney disease 14 816 (32.1) 77 857 (4.6)

Atrial fibrillation 15 829 (34.3) 125 056 (7.4)

Valvular disease 13 334 (28.9) 105 434 (6.2)

Tobacco use 7808 (16.9) 20 688 (1.2)

Alcohol use 5586 (12.1) 41 875 (2.5)

Data are presented as n (%) unless otherwise specified. MI indicates myocardial
infarction.
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In contrast, among patients with MI and stroke, the 1-year
mortality rate was 51.5% (95% CI, 49.5–53.5%).

Finally, in our cohort-crossover analysis, we found that the
risk of stroke was highest in the first 4 weeks after acute MI
compared with the corresponding 4-week time period 1 year
later. The risk of stroke remained substantially elevated
through weeks 25 to 28 and was no longer significantly
elevated afterward.

Discussion
In a large, heterogeneous group of Medicare beneficiaries, we
found that acute MI is associated with an elevated risk of
ischemic stroke that extends beyond the 1-month time
window that is currently considered the at-risk period. The
prolonged period of ischemic stroke risk was evident in
patients with STEMI and NSTEMI and was independent of
periprocedural strokes that may have occurred in the setting
of coronary reperfusion therapies.

Prior guidelines and ongoing randomized trials consider
acute MI to be an etiological cause of ischemic stroke if it
occurs within 1 month of stroke.8–11 Although prior studies
have examined the association between acute MI and
ischemic stroke, those studies did not delineate the

duration of heightened stroke risk and the time at which
stroke risk returns to baseline after acute MI. Furthermore,
prior studies did not account for potential confounders such
as stroke risk from coronary reperfusion therapies6,7,13,14

and, in some cases, included the composite of ischemic
stroke and intracerebral hemorrhage as the outcome.6,7,12

Our results build on prior studies by delineating the
duration of ischemic stroke risk after acute MI, and our
findings suggest that the currently accepted at-risk period
for stroke caused by acute MI should be redefined. Our
study has clinical and scientific implications because it may
allow clinicians to more accurately counsel patients
regarding their stroke etiology and may allow refinement
of stroke etiological classification systems and clinical trial
selection criteria.

The results of our study must be interpreted in light of its
limitations. First, we lacked information regarding MI severity
or location and findings of echocardiography or coronary
angiography. Similarly, we lacked information regarding the
severity, distribution, neuroimaging characteristics, or mech-
anism of the ischemic stroke. Second, we lacked data
regarding antithrombotics and other stroke preventive med-
ications and their adherence. Prior work suggests that
patients are more compliant with antithrombotic therapy in
the acute period after MI23; therefore, the association
between acute MI and ischemic stroke may be more

Table 2. Characteristics of a 5% Sample of Medicare
Beneficiaries, Stratified by Presence of Ischemic Stroke

Characteristic
Ischemic Stroke
(n=80 466)

No Ischemic
Stroke (n=1
666 010)

Age, y, mean�SD 77.5�7.8 73.3�7.7

Female 47 098 (58.5) 951 007 (57.1)

Race

White 67 110 (83.4) 1 436 955 (86.3)

Black 9145 (11.4) 127 982 (7.7)

Other 4211 (5.2) 101 073 (6.0)

Hypertension 54 550 (67.8) 845 607 (50.8)

Diabetes mellitus 24 745 (30.8) 342 228 (20.5)

Congestive heart failure 11 091 (13.8) 116 516 (7.0)

Peripheral vascular disease 9669 (12.0) 103 372 (6.2)

Chronic obstructive
pulmonary disease

12 009 (14.9) 176 003 (10.6)

Chronic kidney disease 7532 (9.4) 85 141 (5.1)

Atrial fibrillation 13 272 (16.5) 127 613 (7.7)

Valvular disease 9117 (11.3) 109 651 (6.6)

Tobacco use 1686 (2.1) 26 810 (1.6)

Alcohol use 2950 (3.7) 44 511 (2.7)

Data are presented as n (%) unless otherwise specified.

Table 3. Models Evaluating the Relationship Between Acute
MI and Ischemic Stroke

Weeks 0–4 Weeks 5–8
Weeks
9–12

Weeks
13–16

Primary
analysis*

2.7
(2.3–3.2)

2.0
(1.6–2.4)

1.6
(1.3–2.0)

1.2
(0.9–1.6)

Sensitivity
analysis 1†

5.0
(3.9–6.3)

2.5
(1.7–3.3)

1.9
(1.3–2.7)

0.9
(0.5–1.5)

Sensitivity
analysis 2‡

2.9
(2.4–3.6)

1.9
(1.4–2.4)

1.6
(1.2–2.0)

1.4
(1.0–1.9)

Sensitivity
analysis 3§

3.1
(2.7–3.5)

1.4
(1.1–1.7)

1.1
(0.8–1.3)

1.3
(1.0–1.7)

Sensitivity
analysis 4k

2.7
(2.3–3.2)

2.0
(1.6–2.4)

1.6
(1.3–2.0)

1.3
(0.9–1.6)

Data are reported as hazard ratio (95% confidence interval). MI indicates myocardial
infarction.
*Adjusted for demographics, stroke risk factors, and Charlson comorbidities.
†In which we censored patients at the time of cardiac catheterization or coronary artery
bypass grafting after discharge for acute MI.
‡In which we excluded patients with atrial fibrillation before or during the index
hospitalization for acute MI.
§In which we censored patients at the time of atrial fibrillation after discharge for acute
MI.
kIn which we assumed a 15% rate of misclassification among diagnoses of acute MI and
ischemic stroke International Classification of Diseases, Ninth Revision, Clinical
Modification, diagnosis codes.
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prolonged than what we found. Third, our use of administra-
tive data may have led to misclassification of stroke or acute
MI events. We attempted to mitigate this by using previously
validated diagnosis code algorithms with high sensitivities and
specificities.16,18 Finally, our study was limited to patients
aged >65 years; consequently, our findings may not be
generalizable to younger patients, who may have different
mechanisms or risk factors for cardiac injury. However, most
acute MIs and ischemic strokes occur in patients aged
>65 years.

Conclusion
Acute MI is associated with an elevated risk of ischemic
stroke that appears to extend beyond the 1-month window
that is currently considered the at-risk period.

Acknowledgments
The authors are grateful to Monica Chen for her editing and clerical
assistance.

Sources of Funding
Dr Merkler is supported by National Institutes of Health (NIH)
grant KL2TR0002385 and the Leon Levy Foundation in
Neuroscience. Dr Murthy is supported by the American Brain
Foundation/American Academy of Neurology and the Leon
Levy Foundation. Dr Navi is supported by NIH grant
K23NS091395 and the Florence Gould Endowment for
Discovery in Stroke. Dr Iadecola is supported by NIH grants
R37NS089323, R01NS034179, R01NS037853, and R01
NS073666. Dr Kamel is supported by NIH grants
K23NS082367, R01NS097443, and U01NS095869, as well
as the Michael Goldberg Research Fund.

Figure. Temporal evolution of ischemic stroke risk after acute myocardial infarction (MI). A, Hazard ratios and 95% confidence intervals (CIs)
from a Cox regression model of ischemic stroke after acute MI. The dotted line represents a hazard ratio of 1. B, Survival probabilities and
associated 95% CIs for ischemic stroke in patients with and without acute MI.

Table 4. Subgroup Analysis Evaluating the Relationship
Between MI Type and Ischemic Stroke

Weeks 0–4 Weeks 5–8 Weeks 9–12 Weeks 13–16

STEMI 3.0
(2.4–3.9)

2.0
(1.5–2.6)

1.6
(1.2–2.1)

1.1
(0.7–1.6)

NSTEMI 2.6
(2.1–3.1)

2.0
(1.6–2.5)

1.7
(1.2–2.0)

1.3
(1.0–1.7)

Data are reported as hazard ratio (95% confidence interval) and adjusted for
demographics, stroke risk factors, and Charlson comorbidities. MI indicates myocardial
infarction; NSTEMI, non–ST-segment–elevation myocardial infarction; STEMI, ST-
segment–elevation myocardial infarction.
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