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4, Rationale:

The prevalence of stroke in African Americans 18 years or older is nearly twice that of
non-Hispanic whites (4.0% vs. 2.3%)'. While stroke incidence has been decreasing since
the 1990s for whites, this trend has not been observed for blacks'. Stroke incidence is not
only higher for African Americans, it occurs at a younger age, resulting in substantial
morbidity and indirect costs through lost earnings®. Sickle cell trait (SCT), the
heterozygous form of sickle cell anemia, may confer additional stroke risk to African
Americans. Sickle cell anemia is an inherited hemoglobinopathy, characterized by
misshapen red blood cells, acute pain, and vaso-occlusive crisis. Sickle cell anemia is a
well-established risk factor for stroke, conveying a relative risk of 2.7 for African
Americans aged 35-64, compared to those with normal hemoglobin®. On the other hand,
sickle cell trait, which has a prevalence of 8% in African Americans’, is generally
considered a benign carrier state. However, numerous case reports have described stroke
in carriers of SCT with no precipitating risk factors for cerebrovascular disease®*.

While SCT is a debatable risk factor for stroke and cerebrovascular disease* ", to date,
no prospective epidemiological studies have investigated this association.

SCT may plausibly contribute to cerebral small vessel disease and stroke through the
complementary actions of hypercoagulability and hypoperfusion. A 2-fold higher
prevalence of pulmonary embolism and venous thrombosis has been observed in carriers
of SCT™®, suggesting elevated coagulation activation. Indeed, laboratory assays of SCT
carriers have shown increased markers of coagulation (prothrombin fragment 1+2,
thrombin-antithrombin complex, and d-dimer)®. Under conditions of exertion,
dehydration, and high altitude, erythrocytes of SCT carriers sickle and polymerize*%,
The sickling deformation is known to expose phosphatidylserine on the cell membrane
surface, which facilitates enzymatic complexes and coagulation®. Subclinical brain
infarctions (SBI) of the small penetrating cerebral arteries, related to hyalinosis,
microatheroma and thrombosis® %, are likewise associated with markers of coagulation?.
Though asymptomatic, SBI are predictive of stroke?® % and cognitive decline® . A
higher prevalence of SBI has been noted in patients with sickle cell anemia, compared to
African Americans with normal hemoglobin®; however, SBI has not been investigated in
individuals with SCT.

Abnormal blood rheology of SCT carriers results in hypoperfusion of the skeletal muscle
tissue®, and likely the cerebral tissue. Laboratory assays of SCT carriers indicate
increased blood viscosity®, abnormal erythrocyte adhesion to the vascular endothelium®,
and decreased red cell rigidity®, all of which contribute to microvascular occlusion and
are amplified in the setting of hypoxia and exertion®**. In SCT carriers, muscle biopsies
show decreased capillary density®; the result of endothelial apoptosis due to capillary
obstruction by microthrombi®***". Similarly, cerebral white matter lesions (WML) are
characterized by diffuse areas of hypoperfusion and chronic ischemia®, with markedly
decreased capillary density®*. Though asymptomatic, WML are predictive of stroke® and
cognitive decline® *, and have been detected by MRI screenings of healthy pediatric SCT
carrriers®.



We propose to examine the association of SCT with the prevalence, incidence, and
progression of stroke/T1A, and small vessel disease (SBI and WML) in African American
participants of the ARIC cohort. A subset of the ARIC cohort was prospectively imaged
by MRI at 3 visits: 1993-1995, 2004-2006, and 2011-2013. Imaging was performed on
926 African Americans > 55 years at the first exam, with 858 expected in the final exam.
Stroke and TIA have been identified in the ARIC study by annual, standardized
questionnaires with a diagnostic algorithm*, and hospital surveillance*>. SBI and WML
have been characterized from MRI scans by standardized definitions. SCT trait
genotyping has been funded by ancillary study 2010.16, and is ongoing at the central
research laboratory. Genotyping is expected to be completed by Fall 2013, and we have
been given express permission by the ancillary study to use this variable.

5.  Main Hypothesis/Study Questions:

Is sickle cell trait associated with stroke and TIA?

We hypothesize that African American participants with SCT will have a higher
prevalence of stroke /TIA at the baseline visit, and a higher incidence of stroke and TIA
over 25 years of follow up.

Is sickle cell trait associated with white matter lesions (leukoaraiosis)?

We hypothesize that African American participants with SCT will have a greater severity
of WML at the baseline MRI (1993-1995), and a greater increase in the volume of WML
between MRI 2 (2004-2006) and MRI 3 (2011-2013).

Is sickle cell trait associated with subclinical brain infarctions (lacunes)?

We hypothesize that African American participants with SCT will have a higher
prevalence of SBI at the baseline MRI, and longitudinally over the course of all 3 MRI
Visits.

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).

Sickle cell trait will be defined by heterozygosity for hemoglobin S (single nucleotide
polymorphism rs334). Our study will be restricted to African-American participants with
either heterozygous SCT or normal hemoglobin; thus, participants with known or
detected homozygosity for hemoglobin S, hemoglobin C, or concomitant presence of
hemoglobin S and C will be excluded. Hemoglobin S is being genotyped in ancillary
study 2010.16. Hemoglobin C (rs33930165) will be imputed.

To examine associations between SCT and the prevalence and incidence of stroke/TIA,
we will include all African Americans in the ARIC cohort with blood sample available
for genotyping. For the purposes of this analysis, stroke will include thrombotic brain
infarction, cardioembolic stroke, subarachnoid hemorrhage, and intracerebral



hemorrhage. Stroke symptoms resolving in less than 24 hours will be considered TIAs.
Prevalence differences for stroke/T1A associated with SCT will be assessed at the
baseline visit. Hazard ratios for incident stroke/TIA will be analyzed by Cox regression.
Associations between sickle cell trait and stroke or TIA will be adjusted to control for the
ARIC field center, and the traditional risk factors for stroke (age, gender, blood pressure,
smoking, diabetes, hypercholesterolemia, and atrial fibrillation)', using covariates from
the baseline visit.

Associations between SCT and cerebral small vessel disease (white matter lesions and
subclinical brain infarctions) will be determined in a subset of African Americans
participating in brain MRI. Due to technological advances, WML were measured by a
grading system for MRI 1 (1993-1995), and volumetrically for MRI 2 (2004-2006) and
MRI 3 (2011-2013). Differences in mean WML grade associated with SCT will be
determined from MRI 1, using ANCOVA. The longitudinal increase in WML volumes
between MRI 2 and MRI 3 associated with SCT will be assessed by ANCOVA. The
analysis of white matter lesions will account for age, gender, blood pressure, smoking®" *

Baseline prevalence ratios for subclinical brain infarctions associated with SCT will be
analyzed by Poisson regression at MRI 1. Longitudinal prevalence ratios will be
analyzed with Poisson regression and generalized estimator equations, and will include
all 3 MRI exams. SBI will be classified as either small (3-7mm) or large (8-20mm), for
separate analyses. The analysis of subclinical brain infarctions will control for factors
related to hyalinosis (age, gender, blood pressure, smoking, and diabetes)* for the small
(3-7mm) infarcts, and will be adjusted for gender, blood pressure, smoking, and LDL
cholesterol® for large (8-20mm) infarcts, as these are thought to arise from distinct
etiologies.
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