ARIC Manuscript Proposal # 3308

PC Reviewed: 12/11/18 Status: Priority: 2
SC Reviewed: Status: Priority:

l.a. Full Title: New Diagnosis of Intracerebral Hemorrhage and the Risk of Subsequent
Ischemic Stroke and Acute Myocardial Infarction

b. Abbreviated Title (Length 26 characters): ICH and Arterial Thrombosis

2.  Writing Group:
Writing group members: Hooman Kamel, Ivan Diaz, Emily Levitan, Mitchell S.V. Elkind,
Virginia Howard, George Howard, Monika Safford, Rebecca Gottesman, W.T. Longstreth
Jr., and any others recommended by the committee.

I, the first author, confirm that all the coauthors have given their approval for this manuscript
proposal. SM_ [please confirm with your initials electronically or in writing]

First author: Santosh Murthy, MD, MPH
Address: Professor of Neurology

Weill Cornell Medicine

525 E68th St, Rm F-610

New York, NY 10065

Phone: (212) 746-0812 Fax:
E-mail: sam9200@med.cornell.edu

ARIC author to be contacted if there are questions about the manuscript and the first author
does not respond or cannot be located (this must be an ARIC investigator).
Name: Rebecca Gottesman, MD, PhD
Address: Associate Professor of Neurology
Johns Hopkins University School of Medicine
600 North Wolfe Street, Phipps 446D
Baltimore, MD 21287

Phone: (410) 614-2381 Fax: (410) 955-0672
E-mail: rgottesm@jhmi.edu

3. Timeline: Proposed Start Date: 01/01/2019; Proposed End Date: 12/31/2020
Study is funded by NIH/NINDS K23NS105948 (PI: Murthy), Expiration 02/28/2023



4. Rationale:

Intracerebral hemorrhage (ICH) accounts for 15-25% of all strokes in the U.S (Andaluz, 2009).
Although it is the deadliest stroke type and often leads to severe disability, survivors of ICH do
show substantial recovery during the months and years after the event (Hemphill, 2009). Among
survivors, the burden of ICH is further compounded by incident ischemic stroke and acute
myocardial infarction (MI), which are independently associated with 5-fold higher odds of death
or disability (Garg, 2012). Therefore, prevention of further brain injury and worsened disability
is a vital consideration in this vulnerable population. The majority of ICH patients have risk
factors that are common to other ischemic cerebrovascular and cardiovascular diseases. As a
result, these patients have a considerable risk for ischemic stroke and MI (Hanger, 2007). In fact,
rates of clinical stroke in the first year after ICH are estimated to be 2-5% (Hill, 2000; Zia,
2009), while MI occurs in about 3-6% of ICH patients (Butler, 1998; Nielsen, 2015).

Prior studies of stroke and MI after ICH have not included control groups with rigorous
adjustment for vascular risk factors and comorbidities, and thus the degree of stroke/MI risk after
ICH remains unclear. In a preliminary study of Medicare patients, we found a significant
association between ICH and subsequent risk of ischemic stroke or acute MI at the end of the
first month (hazard ratio [HR], 6.7; 95% confidence interval, 4.9-8.6). The risk continued to
remain elevated at the end of 6 months (HR, 2.4; 95% CI, 1.2-3.8). Notable limitations of prior
studies including ours include the lack of data on premorbid use and resumption of
antithrombotic medications and selection bias from the inclusion of only patients older than 66
years. These limitations underline the need for performing a similar study with more
comprehensive data and better generalizability. Therefore, we propose a cohort study using data
from 4 large epidemiological studies: REGARDS, the Cardiovascular Health Study (CHS),
Atherosclerosis Risk in Communities (ARIC), and the Northern Manhattan Study (NOMAS)
with prospectively adjudicated stroke and MI outcomes to evaluate this risk in those with and
without ICH.

5. Main Hypothesis/Study Questions:

We aim to determine whether a new diagnosis of intracerebral hemorrhage is independently
associated with subsequent ischemic stroke and acute myocardial infarction.

Hypothesis: A new diagnosis of intracerebral hemorrhage increases the risk of subsequent stroke
and acute myocardial infarction, independent of traditional stroke risk factors.

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Study Design: We propose a cohort study of patient-level data from the REGARDS, CHS,
ARIC, and NOMAS studies.



Study Subjects: All participants in the respective studies will be included.

Measurements, Outcomes, and Covariates: Our time-dependent predictor variable will be any
new diagnosis of ICH. Patients who do not survive the first 30 days will be excluded from the
analysis. Our primary outcome will be any adjudicated ischemic stroke or MI. Secondary
outcomes will include ischemic stroke alone and MI alone. Ischemic stroke will include only
clinically symptomatic cases. Diffusion-restricted lesions on brain MRI in ICH patients will not
be counted as stroke for our study.

Our covariates will be as age, sex, race, income, education level, systolic blood pressure,
antihypertensive drug therapy, diabetes mellitus, atrial fibrillation, smoking status, body mass
index, congestive heart failure, chronic kidney disease, and antithrombotic medication use,
collected at the time of study enrollment.

Data elements requested: age, sex, race, income, education level, systolic blood pressure,
antihypertensive drug therapy, diabetes mellitus, atrial fibrillation, valvular heart disease,
smoking status, body mass index, congestive heart failure, and chronic kidney disease, dates of
occurrence of new ischemic strokes, MI and ICH, antithrombotic medication use if available, and
mortality.

Brief Analysis Plan and Methods: We will use survival analysis to compare the risk of stroke/MI
in those with and without ICH. Time of entry will be defined as the date of the enrollment visit
for each study. New diagnoses of ICH will be modeled as a time-dependent covariate. Follow-up
will be censored on last follow-up date or when patients experience the primary outcome,
withdraw from the study, or die. In the proposed study, we plan to obtain data on vascular
comorbidities at baseline (study enrollment). We concur that the covariates change over time, but
also realize that logistically it may be difficult to capture this accurately over time, and across the
different study populations. To navigate this issue, we propose to use Marginal Structural
Models (MSMs). MSMs are a new class of causal models for the estimation, from observational
data, of the causal effect of a time-dependent exposure in the presence of time-dependent
covariates that may be simultaneously confounders and intermediate variables (Robins 2000). To
account for possible unobserved baseline differences in the 4 study populations, we will adjust
by a categorical variable indicating the source study. We will use a targeted minimum loss based
estimation approach (Neugebauer 2007) for the marginal structural model. Based on our pilot
data, we anticipate that the proportional hazards assumption will be violated, with a much
stronger association in the first 6 months after ICH and a lesser or null association beyond this
point. Our marginal structural model will include time-dependent effects and interactions with
ICH, which will allow us to compute time-specific hazard ratios. Standard errors and confidence
intervals will be computed using the bootstrap. Given that marginal structural models have lower
power than the equivalent Cox models, if time-varying confounding does not cause bias, we will
use a Cox model to get more precise estimates.

Sensitivity analyses: We would ideally like to exclude patients who experience an MI or
ischemic stroke prior to ICH. However, given concerns over having an adequate number of ICH
cases, we decided to be conservative in our main analysis. We will perform additional sensitivity



analyses after excluding these patients. It is also possible that the heightened risk of ischemic
stroke and MI after ICH may be related to discontinuation of antithrombotic medications.
However, there is a paucity of published literature on this topic. We propose to account for
antiplatelet medications in our MSM as a covariate. Should there be any concern for residual
confounding, then we propose to perform additional sensitivity analyses excluding patients on
antithrombotic medications, assuming we have adequate power.

Power Estimation: The collective cohort from the four studies will include 50,000 participants
with about 300 ICH patients who survived beyond 30 days. Using a highly conservative 6%
combined event rate for ischemic stroke and MI (Soliman 2014, O’Neal 2015), we will have
greater than 90% power to detect a HR of 3.0 with an a of 0.05 (Cox’s Proportional Hazards
Model command in PASS v13). While we acknowledge that the proposed statistical analysis is
different from the analysis used to compute the above power, we believe this power calculation
is a useful and informative approximation. Calculating the power for the proposed marginal
structural model is not currently possible due to the absence of preliminary data to estimate the
probability distributions required to compute the variance in the marginal structural model.
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