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4. Rationale:

Many patients are prescribed a statin (simvastatin, pravastatin, lovastatin, rosuvastatin,
atorvastatin), an antiplatelet medication (aspirin, clopidogrel, dipyridamole), an
anticoagulant (warfarin, dabigatran, rivaroxaban, apixaban), or a combination of these,
for a variety of indications such as cardiac (e.g. coronary artery disease), cerebral (e.g.
stroke prevention), and systemic (e.g. deep venous thrombosis). There are generally clear
guidelines about when to start these medications for most common indications such as
the CHADS2VASC score and atrial fibrillation'. However, what is less well understood
is whether the long-term risks of hemorrhagic complications from these medications,
particularly intracranial hemorrhage (ICH) and cerebral microbleeds (CMB), are the
same in all individuals.

Cerebral microbleeds are defined as hemorrhages <5mm in size and located near vessels
affected by hypertensive arteriopathy or cerebral amyloid angiopathy (CAA). Though
these may be individually subclinical, their accumulation can lead to cognitive decline.
CAA occurs in nearly half of the elderly population and in up to 80-90% in patients with
Alzheimer’s.” ® Among patients with a diagnosis of CAA and greater CMB count, there
is a 5.27-fold increased hazard of ICH.? Therefore, it is critical to assess the risk of
developing CAA and ICH in patients who are exposed to possible risk factors such as the
medications of interest.

The mechanism of possible risk of intracranial hemorrhage in patients on an antiplatelet
or anticoagulant therapy is intuitive since these medications are designed to target
receptors resulting in platelet dysfunction and clotting inhibition. With regards to statins,
lower cholesterol levels have been shown in prior epidemiologic studies to be associated
with intracranial hemorrhage.*® Furthermore, the SPARCL trial demonstrated a higher
risk of hemorrhagic stroke among patients who received atorvastatin for secondary stroke
prevention compared to patients who did not receive this medication.” Thus, these
medications which are routinely prescribed may be increasing the risk of intracranial
hemorrhage in certain patients.

There are a number of models in the literature that predict the risk of hemorrhage,
including the HAS-BLED®, ATRIA®, and HEMORR2HAGES™ scores; these scores use
parameters such as hypertension, renal disease, liver disease, stroke history, prior major
bleed, age, medications, and alcohol usage to determine an individual’s risk of
hemorrhage. However, these scores address the risk of any type of bleed, not specifically
ICH, nor do they evaluate whether these factors are particularly important in increasing
hemorrhage risk on individuals on statins, antiplatelet or anticoagulant medications. The
Hemorrhage Risk Stratification score is an online application which determines the risk
of hemorrhagic transformation of an acute ischemic stroke in patients with an indication
for anticoagulation based on age, stroke volume, and renal function**. This model only
included patients with acute ischemic infarcts and evaluated the risk of hemorrhagic
conversion.

With regards to cerebral microhemorrhages, there have been no studies dedicated to
determining the relationship between statin use and CMB. A small, single-center
prospective cohort study showed that recurrent lobar hemorrhages were associated with



aspirin usage.* The Rotterdam Scan Study was a cross-sectional study of an elderly
population free of dementia in the Netherlands which demonstrated patients antiplatelet
use was more prevalent in patients with cerebral microbleeds, but no association between
anticoagulant use and cerebral microhemorrhages.*® There is a need to clarify the risk of
use of these medications and CMB.

There has been a national emphasis on focusing research about clinical management to
precision, or personalized medicine. One individual on an anticoagulant may have an
ICH whereas another similarly aged person may not. Understanding how various factors
in that individual’s medical history, genetic makeup, and environment/ behavior might
influence that risk can ultimately help guide clinical decision-making. Thus, there is a
practical need for a model derived from a large, longitudinal cohort which takes into
account clinical characteristics, cognitive performance, laboratory data, and relevant
genetic polymorphisms to predict the long-term risk of ICH in patients taking a certain
statin, antiplatelet, or anticoagulant such that the predicted risk may inform decision-
making at the individual level.

5. Main Hypothesis/Study Questions:

a.) Our primary hypothesis is thatrisk of ICH will be increased by use of statins,
antiplatelet, or anticoagulant medication compared to those taking neither, and that the
risk of ICH from these medications can be predicted by a risk score (propensity score)
combining demographic, clinical, genetic, serologic, and cognitive data.

b.) A secondary hypothesis will explore the same question, with an individual’s risk of
CMB as the outcome. We hypothesize that risk of CMB will be increased in participants
taking any statins, antiplatelet, or anticoagulant, and that the risk of CMB will be
predictedby a risk score combining demographic, clinical, genetic, serologic, cognitive,
and imaging markers. We also hypothesize that the number of CMBs will be strongly
associated with the same factors in the presence of statins, antiplatelet, or anticoagulant
use.

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).

Baseline Characteristics, Exposures, and Outcomes of Interest:

Clinical, laboratory, and genetic from ARIC will be combined in a model to evaluate risk
of hemorrhage among individuals on statin, antiplatelet, or anticoagulant medications.
Clinical data from the baseline visit (visit 1) that we plan to use to control for their
potential confounding effects will include age, gender, race, smoking history, history of
hypertension, history of hyperlipidemia, history of diabetes, history of coronary artery
disease, history of atrial fibrillation, GFR, prior adjudicated ischemic stroke, and prior
intracranial hemorrhage. Cognitive evaluations were conducted as part of ARIC visit 2,
and we will use global Z-scores as a covariate. There are laboratory data available in
ARIC visit 1 which we will account for including hemoglobin, prothrombin time,



activated partial thromboplastin time, and platelet count which will be relevant. There are
also other markers of coagulopathy in the database including plasminogen activator
inhibitor-1 associated with fibrinolysis, platelet glycoproteins, and homocysteine.
Finally, we plan to evaluate the following genes: beta amyloid precursor protein APP
gene (associated with familial cerebral amyloid angiopathy)**, APOE &2 and &4
(associated with sporadic cerebral amyloid angiopathy)*®, Notch3 (associated with
CADASIL)', COL4A1 (encodes type IV collagen of blood vessels)!’, CYPC9*3,
CYP2C9 (warfarin metabolism)*®, VKORC1 (vitamin K epoxide reductase complex
subunit-1)*°, CYP2C19 (clopidogrel metabolism)?, P2Y1 (aspirin resistance)?!, P2Y12
(clopidogrel resistance)®, LIMK1(associated with ICH)?, and CYP3A4(associated with
subarachnoid hemorrhage)® as these have been correlated with bleeding risk in patients
who are on antiplatelets or anticoagulants in the literature.

We will also explore time-varying covariates and covariate status closer in proximity to the
event, either ICH or MRI signaling of CMB.

The exposures of this study will be medications of interest. These are statins (simvastatin,
lovastatin, pravastatin, rosuvastatin, atorvastatin), antiplatelet (aspirin, clopidogrel,
dipyramidole) and/or anticoagulant (warfarin, low molecular weight heparin,
fondaparinaux, dabigatran, rivaroxaban, apixaban (we anticipate minimal to no use of
these newer anticoagulants). Medication usage will be reviewed from each visit, through
any incident ICH for the ICH analysis, and through and including visit 5, for the
microbleed analysis. We will also use the annual follow-up phone call data to update the
use of these three drugs for a time-varying analysis.

There are approximately 150 patients in ARIC with adjudicated ICH as of the end of
2012. In the subset of participants from ARIC-NCS with 3T brain MRI (1958 patients),
T2* gradient echo imaging was performed. These have been rated and reviewed to
determine the presence, location, and number of hemosiderin deposits (CMBs) in the
brain. About one-third of these patients had CMBs.

Design and Analysis: The analysis will include all participants in the ARIC study with
available data from at least one visit on medication use,** although we will also explore
antiplatelet or anticoagulant use as a time-varying exposure in those participants (the
majority) with medication information from most if not all visits. All statistical analyses
will be performed in SAS 9.3. Participants will be considered by exposure to these
medications of interest, defined as using statins, antiplatelets, or anticoagulants at any
point during followup from ARIC visit 1. Outcome will be evaluated as time-to-event
through an adjudicated ICH (at any point in followup) or as a binary event as a CMB
(from 2011-2013 MRI). Univariate analyses will be performed to outline the baseline
characteristics of the cohort. If sample size allows, we will stratify patients into groups
defined by medication type.

Creation of risk score/ propensity score: We will create a logistic regression model
evaluating the risk of any ICH, incorporating factors described in previous risk models or
otherwise recognized in the literature to increase ICH risk, using a propensity score
approach. Clinical, laboratory, and genetic variables will be tested, as described above.
The use of medications will not be evaluated at this point. The most parsimonious model



will be selected via backward elimination. The overall discriminative capacity of the
model will be ascertained by a concordance index capturing the area under the curve of a
receiver operating curve, and we will confirm balance of the propensity score model.
Then, the predicted propensity score values will be binned into quintiles for use for the
primary analyses.

Analysis of ICH Outcome: Because the primary focus of the study is how the above risk
score will modify the relationship between statin/antiplatelet/ anticoagulant use, each, and
ICH (hypothesis 1) and between statin/antiplatelet/ anticoagulant use, each, and CMB
(hypothesis 2), the primary analyses will evaluate, as independent variables, in separate
models for each medication category as well as in a model where use of any of these
medications is combined into a single variable (any medication usage in this group versus
no medication usage in this group), statin/anticoagulant/ antiplatelet use X propensity
score quintile interaction terms. If possible, we would also like to use annual follow-up
phone call data to update the three drugs for time-varying analysis. For hypothesis 1,
where the outcome of interest is any ICH, we will build a Cox proportional hazard
regression model to calculate the hazard rate of an ICH. We will also consider creating a
propensity score for use of statins and/or anti platelet or anticoagulant medications which will
be incorporated into the final model as an adjustment covariate.

Analysis of Cerebral Microbleed Outcome: Given that MRIs were only performed
during one cross-sectional time period, 2011-2013, for hypothesis 2, a logistic regression
will be used to determine the risk of the presence of CMB, with focus on the same statin/
antiplatelet/ anticoagulant X propensity score quintile interaction term described above.
Also, a similar analysis will be performed with the cumulative use of
statin/antiplatelet/anticoagulant use (medication-years) as the interaction term instead.
The association between the number of CMBs and the proposed independent variables
will be evaluated in an ordinal logistic regression.

Limitations: This will not be a randomized controlled study, thus precluding the ability
to determine causality. There will not be any pathologic correlate with the radiographic
findings of cerebral microbleeds in the dataset. We also acknowledge that power will be
limited given the relatively small number of hemorrhages. We have chosen to do a
propensity score in order to minimize concerns about inadequate power with many
covariates. Finally, it would be ideal to measure the risk of intracranial hemorrhage in
patients with existing and recognizable CMB taking a medication of interest, but we only
have one time point thus far which includes MRI with GRE sequencing.
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