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Abstract

Stroke is second in rates of mortality experienced globally (Katan & Luft, 2018).
Defined by a bleed or blockage of a blood vessel in the brain, ischemic and hemorrhagic
strokes, respectively, are the two primary types (Katan & Luft, 2018). Hemorrhagic
stroke is responsible for the most mortality and disease burden. Post-Hemorrhagic stroke
disability often includes declines in cognition, behavior and motor functions (Dajpratham
et al., 2020). As with other diseases, stroke is twice as likely to occur in people of color,
Black/African Americans especially. The same can be said for hypertension, which is
also a prime risk factor for the incidence of hemorrhagic stroke (Girouard & Ladecola,
2006). Allocation of genomic profiles via genome-wide association studies (GWAS)
have allowed for ethnicity-based assessment of hypertension-mediated intracerebral
hemorrhage (ICH), as influenced by Vitamin D receptor (VDR) gene variants, a novel
genetic constituent with believed connection to hypertension (Maciejewski et al., 2019).
In this thesis, we investigated hemorrhagic stroke’s genetic correlates was addressed with
polygenic risk scores tailored to hypertension-mediated ICH as influenced by VDR gene
variants. Though statistically insignificant, possibly a result of a lack of representation of
black subjects, findings showed increased incidence of hypertension-mediated ICH in
black subjects, non-lobar subtype of ICH, consistent with regions where systolic blood
pressure polygenic risk scores would have more effect in. Future inquiry into VDR genes
and other novel genetic considerations would be beneficial especially when aligned with
addressing disparities in disease burden and mortality.
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Chapter I.
Introduction

Second only to heart disease, strokes are the second leading cause of death
globally (The top 10 causes of death, 2020) (Katan & Luft, 2018). A stroke is defined by
the manifestation of a bleed, defined as a hemorrhagic stroke, or blockage, defined as an
ischemic stroke, in a cranial blood vessel (Katan & Luft, 2018). Responsible for
supplying oxygen and nutrients which are both essential for proper neurological function,
including breathing, behavior, muscular function and metabolic homeostasis, among
many others, strokes have many negative resultant clinical manifestations. These
manifestations are comprised of paralysis, speech and language difficulties, memory loss
and changes to mood and behavior such as depression, forgetfulness, carelessness,
irritability and confusion among others (Dajpratham et al., 2020). While ischemic strokes
account for the majority of stroke occurrences, hemorrhagic strokes are responsible for
the large majority of stroke-associated mortality and post-stroke disease burden (Johnson
et al., 2019). There have been many research efforts and many more continue to
investigate how to address these post-stroke effects, however, there remains much to be
desired with respect to our understanding and approaches that are best suited to prevent,
explain the pathophysiology, and remediate these outcomes.
Many of these research efforts are surrounded around the investigation of risk
factors, defined as a variable that is associated with increasing the risk of the
development of a disease (Burt, 2001), and mediators, such as comorbid factors,
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medications, and genetics as conduits to possible predispositions for the incidence of a
stroke and stroke recurrence, the innerworkings of the pathophysiology and influences of
post-stroke recovery (Iadecola & Anrather, 2011). Risk factors are often separated into
two categories; they are modifiable risk factors and the other is non-modifiable risk
factors. Modifiable risk factors speak to those risk factors that can be altered or changed,
while non-modifiable risk factors are those which traditionally cannot be changed. Diet,
exercise, Body Mass Index, controlled blood pressure, smoke cessation and medication
adherence are modifiable risk factors that have been widely used as points of interest in
research studies looking to improve stroke prevention (Romero, Morris & Pikula, 2008).
Age, sex, racial and ethnic background and genetics are focuses on the realm of nonmodifiable risk factors for stroke research. With respect to stroke research, genetics offers
insight into the architecture of patents’ genomes as a perspective that gives possible
explanations for increased incidence of stroke and prediction of outcomes (Markus,
2011). Putting aside the budding prospect of gene therapies and gene-altering
technologies such as Clusters of Regularly Interspersed Short Palindromic Repeats
(CRISPR), that are believed to eventually become regular approaches to address genetic
components of disease as a means of therapy (Ledford, 2016), genetics is especially nonmodifiable in the sense that there aren’t any reliable approaches that address or account
for genetics while considering stroke prevention and recover specifically at the genetic
level. However, genetics have proven to offer insight into the truly heterogenous makeup
that edifies the manifestation of stroke occurrence (Woo, 2004). Strokes are influenced
by many risk factors, many of which are present in patients who have strokes. One of
these factors is hypertension. Hypertension, defined as consistent elevated pressure level
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(Girouard & Ladecola, 2006), is associated with many comorbid factors that increase the
risk of the incidence of stroke (Johansson, 1999). With the underlying heterogeneity
associated with stroke risk, along with hypertension as a risk factor that influences many
other risk factors for stroke risk, such as heart disease and kidney disease, looking into
how hypertension may play a role in the mediation of strokes, especially hemorrhagic
stroke and more specifically intracerebral hemorrhage (ICH) given heightened mortality
and disease burden associated with them, may offer understanding and discernment into
the heterogenous manifestation of ICH.
An important consideration in research efforts of all disease, let alone the genetics
of stroke, is that of social determinants of health. Defined as the socio-economic
conditions that influence health-outcomes among different groups in different ways (HillBriggs et al., 2020), these determinants have many influences entrenched in their
makeup. Connecting genetic investigation to these determinants is necessary due to the
fact that a person’s genetic makeup is largely outlined by their race and ethnicity. For
example, genetic differences among populations with an ancestry coming predominantly
from an African origin in comparison to someone with ancestry coming from European
origin have different genetic makeups, possibly making for different pathophysiological
reasonings for the predisposition to, or development of various diseases (Furr, 2002).
Having a great influence in the genetic architecture due to evolutionary forces shaped by
climate, diet and migration, among other factors, the racial and ethnic makeup of an
individual or population also can also be a strong predictor of socio-economic conditions,
especially in countries like The United States of America, due social issues that remain
prevalent, such racism, that have strong effects on the living conditions of minority
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populations (Smith et al., 2016). Health equity research focused on minority populations
have shown that both biological and nonbiological risk factors are major influences in
health disparities. These additional concerns also contribute to the aforementioned
heterogeneity in the manifestation of stroke and have been thought to be a considerable
contributor to the inequality seen in the mortality and disease burden associated with
strokes (Stroke Facts | cdc.gov, 2020). Specific to the incidence of stroke, the incidence
of stroke was seen to be nearly two-times as likely in black populations in comparison to
white populations and although there have been improvements of stroke mortality among
Hispanics, this population group has seen increases in the mortality as a result of stroke
since 2013 (Stroke Facts | cdc.gov, 2020).
Genetic tools and our interpretations of how genetics influence disease have seen
massive improvements in the last two decades, both in the ascertainment of genetic data
and also in the analysis of said data. The same can be said about how genetics influence
stroke exclusively. However, the access to and involvement in these developments and
discoveries is not equitable, especially for minority populations (Nazroo, 1998) (BurnettHartman et al., 2020). Without continued efforts to address disparities in healthcare and
clinical research, genetic technologies, understandings and the translation to clinical
approaches like precision medicine, progressions in the application genetics in addressing
disease will broaden the gap of the inequalities rooted in health disparities. Considering
the excessive rates of mortality and disease burden that are associated with hemorrhagic
strokes, the heterogeneity of the underlying genetic influence on the pathophysiology of
this disease, the differences in genetic makeup among different races and ethnicities and
also the need for a better understanding of genetic influences among minority
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populations, this research study investigated the influence of Vitamin D Receptor (VDR)
variants as a novel facilitator of hypertension-mediated Intracerebral Hemorrhage and
stratified the findings based on race and ethnicity. The use VDR was chosen specifically
as an intermediary to the prominent components of the heterogeneity of stroke
occurrence; including previously considered pathophysiological influence on blood
pressure, unique genetic architecture among different racial and ethnic backgrounds and
how both of these components may lead to increased incidence of strokes, specifically
Intracerebral Hemorrhage.

Background of the Problem

Vitamin D Receptor genes are implicated in many biological pathways and
associated with different diseases. Two of these diseases are cardiovascular disease and
elevated blood pressure (Vélayoudom-Céphise et al., 2011) (Lin, Zhang, Li, Gai & Li,
2019). Vitamin D levels deficiencies have been found to be far more prevalent in
individuals with darker skin tones and higher Body Mass Indexes (BMI), with Vitamin D
deficiencies being linked to the increased need of additional synthesis of Vitamin D by
these skin tones, with little well-known reasoning with the association to increased BMI,
a possible bystander result (Weishaar, Rajan & Keller, 2016).
With the connection of VDR genes to possible pathways that are involved with
hypertension, which is also connected to increased BMI, and a major risk factor heart and
kidney disease, all of which are also strong risk factors for the incidence of stroke, this
study used the interconnectedness of these risk factors as justification for the
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investigation of the genetic predisposition associated with VDR genes in relation to ICH,
as mediated by hypertension.

Definition of Terms
•

Case-control study – a study designed to determine the association of a risk factor
or exposure to a specific disease.

•

Case – group with a known outcome (disease)

•

Control – group without a known outcome (disease)

•

Exposure – the state of being exposed or subjected to something that impacts a
medical outcome

•

Gene – generationally transmissible unit of hereditary

•

Genetic Contribution – the quantified amount or consideration of the genetic
makeup of an individual that influences the incidence of disease

•

Genetic Variant – alteration to a normally seen sequence of DNA

•

Genome-Wide Association Study (GWAS) – scientific approach to identify the
inheritance of a set or sets of genetic variants in relation to a particular phenotype.

•

Genotype – the genetic makeup of a single organism

•

Genotyping – the procedure of determining variances in the genetic make-up of
individuals

•

Hypertension (HTN) – irregularly high blood pressure

•

Ligand-activated – a receptor and/or biological response that requires the binding
of a ligand to initiate its action
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•

Linear Regression – an approach for modeling the relationship amongst a
dependent variable and at least one other independent variable.

•

Mendelian Randomization – method of using a measured rate of variation in
genes of a known function to investigate their causal effect of a modifiable
exposure on disease.

•

Modifiable Risk Factor – a risk factor that can be changed by the individual of
which possess it.

•

Neuro-ICU – an intensive care unit devoted to life threatening neurological
injuries or complications.

•

Perfusion – the passage of blood and other fluids through the circulatory system
or lymphatic system to an organ or tissue.

•

Phenotype – a physical trait

•

Polygenic Risk Score - quantification based on variation in multiple genetic
loci and their associated weights

•

Risk Factor – an exposure that increases the likelihood of a particular medical
outcome

•

Single Nucleotide Polymorphism (SNP) – most common variant of a gene
amongst a population

•

Socio-economic Status – social and economic standing of an individual or group
of individuals in comparison to other populations.

•

Transcription – the biological process where a gene’s sequence is copied into a
new code, known as RNA
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•

Transcription Factor – a biological influence that can alter the rate of transcription
of a gene.

Stroke: Biology, Types, Diagnosis, Mortality and Disease Burden

The brain is a very complex organ that relays its control and function via
elaborate electrical circuitry outlined by what is known as the nervous system. The
nervous system is composed of nerve cells, commonly referred to as neurons. These
neurons are in constant communication with each other and are in need consistent,
unimpeded supply of energy. This energy is furnished via the breakdown of energy
substrates such as glucose via intricate chemical reactions. In the latter part of these
essential reactions, oxygen is required. Oxygen in the brain is supplied via blood flow,
sometimes referred to as perfusion. The brain is in receipt of both glucose and oxygen
through the blood flow that is supplied via the heart, through the arteries found in the
neck, including the carotid artery. These arteries diverge and are embedded deep into the
brain. In the event that the supply of oxygen to the brain is insufficient, the breakdown of
energy substrates is interrupted resulting in insufficient energy needed for normal brain
function. Increased presence of toxic byproducts as a result of incomplete energy
substrate breakdown is also a result and leads to further brain damage, which can be
irreversible if the blood flow is not restored.
Strokes are a specific occasion where the interruption and damage to brain
function mentioned prior occurs. Oddities and malfunctions in the blood vessels in the
brain are a prominent reason for strokes. The first type of stroke is ischemic stroke.
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Characterized a blockage of cerebral blood flow, ischemic strokes make up the roughly
80% of strokes that occur. Another form of stroke that is less problematic is a Transient
Ischemic Attack (TIA), where signs and symptoms of an ischemic event dissipate within
roughly 24 hours of onset. The second primary form of stroke is referred to as a
hemorrhagic stroke. This is type is characterized by bleeding of a blood vessel in the
brain.
Intracerebral hemorrhage is second in rank among the most common cause of
stroke, totaling between 10-15% of all strokes (Smith & Eskey, 2011). Although this is
much less than ischemic stroke, ICH is associated with much more mortality, ranging
anywhere from 35-52%, a figure which is roughly 5 times larger than the mortality found
to be associated with ischemic incidents (Smith & Eskey, 2011). Once the sudden onset
of focal neurological symptoms is presented in clinic, they are assumed to be vascular in
source until confirmed otherwise (Smith & Eskey, 2011). While patient presentations of
vomiting, systolic blood pressure greater than 220 mmHg, severe headache, decreased or
complete loss of consciousness are usually synonymous with a hemorrhagic stroke, this
confirmation is found in neuroimaging. Rapid neuroimaging with both computerized
tomography scan, CT-scan, and magnetic resonance imaging (MRI) scan are
recommended to distinguish ischemic stroke from ICH. After an ICH is confirmed,
immediate admission of the patient to a neuro-intensive care unit (Neuro-ICU) is
recommended (Steiner & Jüttler, 2008).
A chief cause of ICH in adults is hypertension (HTN). Related to the fundamental
relationship and mechanism associated with systemic blood pressure and circulation via
arteries that come from major intracranial vessels, these vessels can develop hyperplasia,
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enlargement of the vessels, and degeneration which predisposes these vessels to necrosis,
and eventual rupture. The lenticulostriate arteries coming from the middle cerebral
arteries, as well as the thalamoperforating and perforators coming from the basilar artery
are involved in this process as well. Further alluding to the connectedness of hypertension
and ICH, studies have found that the common location macroscopic hypertensive ICH
reflect the locations supplied by the small vessels and perforators with 60% to 65% of
bleeds in the putamen and internal capsule, 15% to 25% found in the thalamus and 5% to
10% in the pons (Smith & Eskey, 2011). Studies have also shown that while deep
locations are most characteristic, hypertension remains a substantial risk factor for lobar
hemorrhage in the absence of other causal risk factors (Broderick, Brott, Tomsick &
Leach, 1993) (Jackson & Sudlow, 2006) (Smith & Eskey, 2011).

Genetic Implications of Stroke Research

Given that stroke is a multifaceted disease, consequential of several risk factors
and pre-existing diseases, looking into stroke at a genetic level has developed into
focused approach for possible insight. Efforts to elucidate the underlying mechanism of
stroke from a genetic level has a been a focus of stroke related predisposition,
pathophysiology and recovery. This work has been furnished by two primary approaches,
candidate gene approach and genome-wide and sequencing studies (Falcone & Woo,
2017). The candidate gene approach looks to assess the plausibility of an association
between a specific genetic variant of a specific gene or region of the genome and the risk
of disease. The gene candidates can be chosen based on prior knowledge of molecular
function, environmental impact on the epigenetics of the genes of interest, or the
10

association of the selected genes and the associated phenotypes (Falcone & Woo, 2017).
While this approach is relatively easy to conduct with smaller sample sizes, the
effectiveness of this approach is largely based on what candidates have been chosen, the
rate of variation amongst different population groups and also the probability of falsenegative or false-positive results as a result of biases (Falcone & Woo, 2017).
As approaches have advanced in both the technology used and the interpretations
being applied have made for the more efficient approach to be based around the
assessment of large amounts, in the millions, of markers across the entire genome. This
approach is defined as a Genome-wide association study (GWAS). Unlike candidate gene
studies, GWAS requires large sample sizes to supply the power to validate the findings.
Motivated by the GWAS’ ability to help with the interrogation of complex traits, the
large datasets from GWAS are able to be used in many different ways for the purpose of
elucidating more findings and conclusions (Maier, Visscher, Robinson & Wray, 2017)
(Duncan et al., 2019). One of these approaches that uses large data sets form GWAS is
polygenic risk scores (PRS). Sometimes referred to as genetic risk scores or risk
profiling, PRS have become widely used for the scoring and quantified prediction of the
risk for the development of a disease. In line with precision medicine, the outlook for this
type of genetic inquiry is believed to have the potential to improve health outcomes by
accelerating diagnostics and coordinating patents with specific treatments that would
address their needs (Duncan et al., 2019). Optimism continues to grow as PRS have
shown reliable prediction for several complex genetic phenotypes such as diabetes,
depression and blood pressure (Maier, Visscher, Robinson & Wray, 2017) (Duncan et al.,
2019). PRS are scored by a calculation of the summation of risk alleles that are weighted
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by their individual effect sizes as outlined by their derivation from the GWAS dataset
being used. PRS are built specifically for the use of whatever complex genetic phenotype
that is applicable based on the GWAS dataset being used (Maier, Visscher, Robinson &
Wray, 2017).

Implications of VDR Gene

One specific genetic element that has been deliberated upon with respect to its
contribution to disease is that of the Vitamin D Receptor (VDR) gene. The VDR is in a
family of steroid and thyroid hormone receptor transcription factors. VDR facilitate the
effects of 1,25-dihydroyvitamin D (1,25(OH)2D) on gene expression (Uitterlinden, Fang,
van Meurs, Pols & van Leeuwen, 2004). The prevalence and downstream functions
attributed to the vitamin D hormone is modulated by the Vitamin D Receptor (Khan et
al., 2016). This receptor is a ligand-activated transcription factor that mediates the
expression of the gene (Khan et al., 2016) (Pike & Meyer, 2010) (Valdivielso &
Fernandez, 2006). Vitamin D is an essential element in the regulation and homeostasis of
the endocrine system. Happening prior to the activation via the ligand, the VDR
specifically binds to sequences. Depending on the variants of these sequences, varying
levels of transcription are conducted resulting in varying levels of serum Vitamin D
levels that are available for biological function. Having involvement in a wide variety of
biological functions associated with immune response, cell proliferation and
differentiation and bone formation, vitamin D has also been implicated in common
diseases such as diabetes, heart disease and cancer (Uitterlinden, Fang, van Meurs, Pols
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& van Leeuwen, 2004). One biological manifestation that remains inconclusive is VDR
gene’s relation and potential causation of hypertension (Zhang et al., 2020).
Having previously been associated with control of calcium levels, keeping them in
homeostasis, Vitamin D levels have regulatory processes on calcium absorption
(Christakos, Dhawan, Porta, Mady & Seth, 2011). Roughly 40% of African Americans in
the United States of America develop hypertension, much higher than the just 25% of
white Americans. Studies investigated whether lower levels of vitamin D is associated
with higher blood pressure and the risk for the development of hypertension, but more
research is needed to confirm or deny this relationship (Vaidya & Forman, 2010). Other
studies have shown VDR gene variants with purported association to the incidence of
increased blood pressure (Iqbal, Maqbool & Khan, 2018) (Khan et al., 2016)
(Maciejewski et al., 2019) (Muray, Parisi, Card’s, Craver & Fernandez, 2003) (Pike &
Meyer, 2010) (Valdivielso & Fernandez, 2006). The considerations of disease burden,
mortality, underlying mechanisms of hypertension, calcium-regulation as a possible
influence on the incidence of stroke (Anderson & Rosand, 2019) and Vitamin D and
VDR gene variants make for an interesting perspective and potential assessment of
hypertension as a mediator of ICH with possible genetic influences via VDR gene
variants.

Question and Hypothesis

With the consideration of the influences and underlying mechanism of
hypertension and its connection to incidence of ICH, the increased incidence of
hypertension in populations of non-European ancestry who also exhibit deficiencies in
13

Vitamin D levels, as well as the prospect of Vitamin D levels having influence on blood
pressure, this study questions whether VDR gene variants and VDR variants previously
considered for association with hypertension have an disproportionate influence on
hypertension mediated ICH for non-European populations, both African American and
Hispanic/Latin-American.
I pose the hypothesis that non-Europeans, both African American and
Hispanic/Latin-Americans, will show an increased incidence of hypertension-mediated
ICH based on the presence of VDR gene variants in comparison to that of WhiteAmericans.

VDR gene variants previously considered to have an association with hypertension
(Iqbal, Maqbool & Khan, 2018) (Khan et al., 2016) (Maciejewski et al., 2019) (Muray,
Parisi, Card’s, Craver & Fernandez, 2003) (Pike & Meyer, 2010) (Valdivielso &
Fernandez, 2006).
-

rs2228570 (FokI)

-

rs1544410 (BsmI)

-

rs7975232 (ApaI)

-

rs731236 (TaqI)

-

rs11568820 (Cdx2)

-

rs4516035 (EcoRV)

-

rs757343 (Tru9I)
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Implication of Research

Possible implications of this research include the use of PRS to uncover underlying
genetic influence that could lead to future efforts directed by VDR gene variants. This
study could potentially show the dexterity of PRS in context of risk factor mediated
incidence of disease while considering novel genetic influences. This research will
highlight the importance of diversity in clinical research participation, whether that be from
significant findings with respect to stratification by race and ethnicity, or the need for more
diverse participation in the form of a need of additional power to validate findings and
elucidate any confounding or inconclusive findings.
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Chapter II.
Methods

Description of Datasets

This study used the individual and summary-level genetic data collected via
Genome Wide Association Studies. The genetic data was allocated from GWAS across
cohorts that include Genetic and Environmental Risk Factors for Hemorrhagic Stroke
(GERFHS I, II & III) (Woo et al., 2002), “Genetics of Cerebral Hemorrhage on
Anticoagulation” (GOCHA) (Chang et al., 2009), and European Samples from research
participants from cohorts in the International Stroke Genetics Consortium (Traylor et al.,
2012).. The Validation analysis, tables 12-16 was conducted with the MEGASTROKE
trans-ancestral cohort, which included all stroke, ischemic stroke and subtypes) and the
CARDIoGRAMplusC4D 1000 Genomes-based GWAS (60,801 CAD cases and 123,504
controls, mainly European) (Malik et al., 2018).
Below is a list of VDR gene variants that were previously considered for their
association with Hypertension. (Iqbal, Maqbool & Khan, 2018) (Khan et al., 2016)
(Maciejewski et al., 2019) (Muray, Parisi, Card’s, Craver & Fernandez, 2003) (Pike &
Meyer, 2010) (Valdivielso & Fernandez, 2006)
-

rs2228570 (FokI)

-

rs1544410 (BsmI)

-

rs7975232 (ApaI)
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-

rs731236 (TaqI)

-

rs11568820 (Cdx2)

-

rs4516035 (EcoRV)

-

rs757343 (Tru9I)

Individual-level ICH GWAS data contained GOCHA, GERFHS, and European
participants of the International Stroke Genetics Consortium (ISGC) (ERU/ISGC): The
GOCHA cohort has a total of 841 subjects, 436 of them are ICH cases (199 non-lobar /
237 lobar) and 405 of them are ICH-free controls. GERFHS has a total of 1642 subjects.
848 of them are ICH cases (508 non-lobar / 340 lobar), and 794 of them were ICH-free
controls. The European cohort from the ISGC has a total of 1100 subjects, 577 of them
are ICH cases (368 non-lobar / 209 lobar) and 523 of them are ICH-free controls (Woo et
al., 2014). All three datasets, GOCHA, GERFHS and ERU/ISGC were imputed
separately using the Haplotype Reference Consortium (HRC) reference panel on the
Michigan Imputation Server. Imputation allows for the introduction of variability in the
calculation of the PRs at an individual level without any alteration to the genetics that
underly the model (Chen et al., 2020) Imputation bootstraps additional variants that can
then be included in PRS.
The quality and control steps that were taken after imputation of each dataset
included the retaining of only those SNPs with minor allele frequency (MAF) > 0.01,
with imputation quality (R2) > 0.4 and we excluded multi-allelic SNPs. Subjects with the
following missing phenotypic data from each study were removed: ICH status, age, and
sex
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Summary-level GWAS stroke data (and related phenotypes) for validation were
conducted The MEGASTROKE summary statistics (Malik et al., 2018) included all
stroke (AS), ischemic stroke (IS), large artery stroke (LAS), cardioembolic stroke (CES),
small vessel stroke (SVS) and coronary artery disease (CAD) (Won et al., 2015). This
cohort includes 60, 801 cases and 123,504 controls, mainly of European ancestry.

Construction of the Polygenic Risk Scores
The following steps were taken for the generation of the SBP PRS. QC of SBP
summary statistics was conducted. This included retaining SNPs with MAF >0.01. This
lowered the SNP total from 7,088,122 to 7,088,084. The ambiguous AT/GC SNPs were
removed. This left 6,012,833 SNPs. The removal of duplicate SNPs left a remaining
6,012,833 SNPs. Construction of PRS included the pruning and thresholding method
using PLINK software v1.90 (Chang et al., 2015) (Won et al., 2015), kept only SNPs
with p-value ≤ 5x10-8, pruned at r2<0.4 using European 1000 Genomes phase 3 as
reference LD panel, distance of SNPs 250kb
The following steps were taken to identify common SNPs lying within the VDR
gene region. There were 119 original VDR gene SNPs identified via a ClinVar search but
were too rare and were unidentifiable in the GWAS data included in this study. As a
plausible alternative, coordinates of the VDR gene from the UCSC genome browser were
found and used (Kent et al., 2002). SNPs from the respective region from the SBP
GWAS data were extracted.
Finally, construction of the following PRSs took place. Constructs included, 1)
SBP PRS, 2) SBP PRS + VDR SNPs (all), 3) SBP PRS + VDR SNPs (excluding those
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previously associated with HTN), 4) VDR SNPs (all) and 5) VDR SNPs (excluding those
previously associated with HTN). For the PRSs exclusion of any duplicate SNPs was
ensured after the addition of the VDR SNPs

Application of the PRS and Association Testing
Individual-level GWAS data (GOCHA, GERFHS, EUR/ISGC) was used to perform
each of the following steps in each cohort separately: For each PRS as described above,
the association estimates (betas) with SBP were used to generate five different PRSs
using the PLINK software v1.90 (Chang et al., 2015). Standardization of each PRS [(PRS
– mean of PRS) / (standard deviation of PRS)] was done in order to be able to express
each association as per one standard deviation increase. The PRS was entered in as a
linear predictor in a logistic regression, modeling risk for ICH. In each logistic regression
we also included age, sex, and two principal components reflecting ancestry. The above
steps were performed for ICH subtypes. The lobar subtype was modeled as lobar ICH
versus all other. The non-lobar subtype was also modeled as non-lobar ICH versus all
others. After performing the above analyses for each PRS within each study, metaanalysis was done under an inverse-variance, random effects model across GOCHA,
GERFHS, and EUR/ISGC.

Race and Ethnicity Analysis

For each race/ethnicity separately for the GOCHA study, for which there were nonwhite participants, the lobar subtype was modeled as lobar ICH versus all other. The non-
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lobar subtype was also modeled as non-lobar ICH versus all others. After performing the
above analyses for each PRS within each study, meta-analysis was done under an
inverse-variance, random effects model.
Race and ethnicity were separated into three groups, white, black and Hispanic all of
which were self-reported by the subjects. An adjustment for age, sex and principal
components was not done due to limited sample size. Results from this portion of the
analysis are unadjusted. All association analyses were performed using R software
version 3.6.1. All association analyses and meta-analyses were performed using R
software version 3.6.1 as well.
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Chapter III.
Results

After duplicate removal, the SBP PRS contained 3,133 SNPs. The SBP PRS with
all VDR gene SNPs derived from the USCS Genome Browser contained 3293 SNPs. The
SBP PRS containing VDR gene SNPs, excluding those previously considered associated
with HTN, had 3289. The PRS containing only VDR gene SNPs had 160 SNPs and the
PRS containing VDR gene SNPs, excluding those previously considered associated, had
156 SNPs.
For the SBP PRS, all ICH, non-lobar and lobar cohorts were found to have Odds
Ratios (OR), per 1 SD, of 1.08, 1.07 and 1.02 respectively. The all ICH, non-lobar and
lobar cohorts were found to have Confidence intervals (CI) at 95%, of 1.01-1.15, 1.001.15 and 0.94-1.11, respectively. The p-values were found to be 0.03, 0.06 and 0.56 for
all ICH, non-lobar ICH and lobar ICH respectively. These results were from inversevariance, random effects meta-analysis across GOCHA, GERFHS and EUR/ISGC (Table
1).
For the SBP PRS containing all VDR gene SNPs, all ICH, non-lobar ICH and
Lobar ICH, the ORs (per 1 SD) were found to be 1.08, 1.07 and 1.02 respectively. The
95% CI were found to be 1.01-1.15, 1.00-1.15 and 0.94-1.11 for all ICH, non-lobar ICH
and lobar ICH respectively. The p-values were found to be 0.03, 0.06 and 0.57 for all
ICH, non-lobar ICH and lobar ICH respectively. These results were from inversevariance, random effects meta-analysis across GOCHA, GERFHS and EUR/ISGC (Table
2).
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For the SBP PRS containing VDR gene SNPs, excluding those previously
considered associated with HTN, all ICH, non-lobar ICH and lobar ICH, the ORs (per 1
SD) were found to be 1.08, 1.07 and 1.02 respectively. The all ICH, non-lobar and lobar
cohorts were found to have 95% CI of 1.01-1.15, 1.00-1.15 and 0.94-1.11 respectively.
The p-values were found to be 0.03, 0.06, and 0.57 for all ICH, non-lobar ICH and lobar
ICH respectively. These results were from inverse-variance, random effects metaanalysis across GOCHA, GERFHS and EUR/ISGC (Table 3).
For the PRS containing only VDR gene SNPs, all ICH, non-lobar ICH and lobar
ICH, the ORs (per 1 SD) were found to be 1.00 for all categories. The all ICH, non-lobar
and lobar cohorts were found to have 95% CI of 0.94-1.07, 0.93-1.09, and 0.92-1.08
respectively. The p-values were found to be 1.00, 0.93, and 0.97 for all ICH, non-lobar
ICH and lobar ICH respectively. These results were from inverse-variance, random
effects meta-analysis across GOCHA, GERFHS and EUR/ISGC (Table 4).
For the PRS containing all VDR gene SNPs excluding those previously
considered associated with HTN, all ICH, non-lobar ICH and lobar ICH, the ORs (per 1
SD) were found to be 1.00, 1.01, and 1.00 respectively. The all ICH, non-lobar and lobar
cohorts were found to have 95% CI of 0.94-1.07, 0.93-1.09 and 0.92-1.08 respectively.
The p-values were found to be 10 for all ICH, non-lobar ICH and lobar ICH respectively.
These results were from inverse-variance, random effects meta-analysis across GOCHA,
GERFHS and EUR/ISGC (Table 5).
For the race and ethnicity-based analysis, the GOCHA cohort was used. This
cohort contained 841 total subjects with 778 white, 43 black and 18 Hispanic. The
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percentages for the white, Black and Hispanic groups were 92.5%, 5.1%, 2.1%
respectively (Table 6).
For the race and ethnicity-based analysis for the SBP PRS, ORs (per 1 SD) for all
ICH, non-lobar ICH and lobar ICH were found to be 1.02, 1.06 and 0.98 for Whites, 1.45,
1.15 and 1.40 for Blacks and 0.65, 2.10 and 0.21 for Hispanic subjects respectively. The
95% CI for all ICH, non-lobar ICH and lobar ICH were found to be 0.88-1.18, 0.89-1.25,
0.83-1.14 for whites, 0.84-2.65, 0.66-2.03 and 0.73-2.83 for blacks and 0.24-1.48, 0.827.46 and 0.027-0.717 for Hispanics respectively. P-values for all ICH, non-lobar ICH and
lobar ICH were found to be 0.79, 0.52 and 0.76 for whites, 0.20, 0.62 and 0.32 for blacks
and 0.33, 0.17 and 0.0487 for Hispanics respectively. An adjustment for age, sex and
principal components was not done due to limited sample size (Table 7).
For the race and ethnicity-based analysis for the SBP PRS containing all VDR
gene SNPs, ORs (per 1 SD) for all ICH, non-lobar ICH and lobar ICH were found to be
1.02, 1.11 and 0.97 for Whites, 1.43, 1.11 and 1.45 for Blacks and 0.71, 2.16 and 0.256
for Hispanic subjects respectively. The 95% CI for all ICH, non-lobar ICH and lobar ICH
were found to be 0.89-1.18, 0.90-1.26 and 0.83-1.14 for whites, 0.83-2.62, 0.64-1.97 and
0.75-3.05 for blacks and 0.27-1.60, 0.83-7.84 and 0.041-0.791 for Hispanics respectively.
P-values for all ICH, non-lobar ICH and lobar ICH were found to be 0.75, 0.46 and 0.73
for whites, 0.22, 0.71 and 0.29 for blacks and 0.42, 0.16 and 0.056 for Hispanics
respectively. An adjustment for age, sex and principal components was not done due to
limited sample size (Table 8).
For the race and ethnicity-based analysis for the SBP PRS containing all VDR
gene SNPs excluding those previously considered associated with HTN, ORs (per 1 SD)
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for all ICH, non-lobar ICH and lobar ICH were found to be 1.03, 1.07 and 0.97 for
Whites, 1.43, 1.12 and 1.45 for Blacks and 0.70, 2.15 and 0.253 for Hispanic subjects
respectively. The 95% CI for all ICH, non-lobar ICH and lobar ICH were found to be
0.89-1.18, 0.90-1.26 and 0.83-1.14 for whites, 0.83-2.623, 0.64-1.98 and 0.75-3.03 for
blacks and 0.27-1.59, 0.83-7.82 and 0.040-0.782 for Hispanics respectively. P-values for
all ICH, non-lobar ICH and lobar ICH were found to be 0.76, 0.46 and 0.73 for whites,
0.21, 0.70 and 0.29 for blacks and 0.41, 0.16 and 0.056 for Hispanics respectively. An
adjustment for age, sex and principal components was not done due to limited sample
size (Table 9).
For the race and ethnicity-based analysis for the PRS containing all VDR gene
SNPs, ORs (per 1 SD) for all ICH, non-lobar ICH and lobar ICH were found to be 1.04,
1.08 and 0.98 for Whites, 0.82, 0.65 and 1.35 for Blacks and 3.97, 1.17 and 4.28 for
Hispanic subjects respectively. The 95% CI for all ICH, non-lobar ICH and lobar ICH
were found to be 0.90-1.19, 0.91-1.28 and 0.84-1.14 for whites, 0.42-1.53, 0.32-1.24 and
0.63-3.15 for blacks and 1.12-27.33, 0.37-4.33 and 1.05-37.79 for Hispanics respectively.
P-values for all ICH, non-lobar ICH and lobar ICH were found to be 0.62, 0.37 and 0.77
for whites, 0.53, 0.20 and 0.45 for blacks and 0.07, 0.79 and 0.098 for Hispanics
respectively. An adjustment for age, sex and principal components was not done due to
limited sample size (Table 10).
For the race and ethnicity-based analysis for the PRS containing all VDR gene
SNPs excluding those previously considered associated with HTN, ORs (per 1 SD) for all
ICH, non-lobar ICH and lobar ICH were found to be 1.04, 1.08 and 0.98 for Whites, 0.84,
0.67 and 1.36 for Blacks and 3.98, 1.15 and 4.52 for Hispanic subjects respectively. The
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95% CI for all ICH, non-lobar ICH and lobar ICH were found to be 0.90-1.19, 0.91-1.28
and 0.84-1.14 for whites, 0.43-1.56, 0.33-1.26 and 0.64-3.18 for blacks and 1.11-27.40,
0.36-4.25 and 1.07-43.49 for Hispanics respectively. P-values for all ICH, non-lobar ICH
and lobar ICH were found to be 0.62, 0.36 and 0.76 for whites, 0.57, 0.22 and 0.44 for
blacks and 0.07, 0.81 and 0.096 for Hispanics respectively. An adjustment for age, sex
and principal components was not done due to limited sample size (Table 11).
As described previously, summary statistics were derived from the
MEGASTROKE and CAD cohort for the validation analyses. Using the five PRSs
described above, the respective SNPs, SNP weights (betas) and standard errors from the
SBP GWAS, the MEGASTROKE and the CAD summary statistics. For the SBP PRS
validation analysis, AS had an OR, 95% CI and p-value of 1.029, 1.027-1.031 and
4.07x10-234 respectively. IS had an OR, 95% CI and p-value of 1.031, 1.029-1.033 and
1.14x10-233 respectively. LAS had an OR, 95% CI and p-value of 1.047, 1.043-1.051
and 3.73x10-126 respectively. CES had an OR, 95% CI and p-value of 1.016, 1.0131.038 and 2.78x10-22. SVS had an OR, 95% CI and p-value of 1.034, 1.031-1.038 and
3.33x10-80 respectively. CAD had an OR, 95% CI and p-value of 1.033, 1.031-1.035 and
1.02x10-189 respectively (Table 12). AS had 2,995 SNPs, IS had 2,986 SNPs, LAS had
3,008 SNPs, CES had 3,014 SNPs, SVS had 2,599 SNPs and CAD had 3,024 SNPs
available in their respective outcome datasets (Table 12).
For the SBP PRS with all VDR gene SNPs validation analysis, AS had an OR,
95% CI and p-value of 1.029, 1.027-1.031 and 1.24x10-240 respectively. IS had an OR,
95% CI and p-value of 1.031, 1.029-1.033 and 2.21x10-238 respectively. LAS had an
OR, 95% CI and p-value of 1.047, 1.043-1.051 and 2.35x10-126 respectively. CES had
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an OR, 95% CI and p-value of 1.017, 1.013-1.020 and 2.69x10-22. SVS had an OR, 95%
CI and p-value of 1.033, 1.031-1.039 and 5.40x10-83 respectively. CAD had an OR, 95%
CI and p-value of 1.033, 1.031-1.036 and 1.02x10-189 respectively (Table 13). AS had
3,147 SNPs, IS had 3,137 SNPs, LAS had 3,161 SNPs, CES had 3167 SNPs, SVS had
2,718 SNPs and CAD had 3,183 SNPs available in their respective outcome datasets
(Table 13).
For validation analysis, the SBP PRS with VDR gene SNPs, excluding the SNPs
previously considered associated with HTN, AS had an OR, 95% CI and p-value of
1.029, 1.027-1.031 and 2.22x10-240 respectively. IS had an OR, 95% CI and p-value of
1.031, 1.029-1.033 and 2.58x10-238 respectively. LAS had an OR, 95% CI and p-value of
1.047, 1.043-1.051 and 2.84x10-126 respectively. CES had an OR, 95% CI and p-value of
1.017, 1.013-1.020 and 2.92x10-22. SVS had an OR, 95% CI and p-value of 1.035, 1.0311.039 and 8.04x10-83 respectively. CAD had an OR, 95% CI and p-value of 1.033, 1.0311.036 and 5x10-196 respectively (Table 14). AS had 3,143 SNPs, IS had 3133 SNPs, LAS
had 3,157 SNPs, CES had 3,163 SNPs, SVS had 2,714 SNPs and CAD had 3,179 SNPs
available in their respective outcome datasets (Table 14).
The validation analysis of all of the VDR gene SNPs for the PRS, AS had an OR,
95% CI % and p-value of 1.01, 1.00-1.03 and 0.16 respectively. IS had an OR, 95% CI
and p-value of 1.00, 0.98-1.02 and 0.85 respectively. LAS had an OR, 95% CI and pvalue of 0.98, 0.94-1.02 and 0.38 respectively. CES had an OR, 95% CI and p-value of
0.97, 0.93-1.01 and 0.11. SVS had an OR, 95% CI and p-value of 1.14, 1.10-1.20 and
2.28x10-9 respectively. CAD had an OR, 95% CI and p-value of 1.08, 1.05-1.10 and
7.70x10-10 respectively (Table 15). AS had 152 SNPs, IS had 151 SNPs, LAS had 153
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SNPs, CES had 153 SNPs, SVS had 119 SNPs and CAD had 159 SNPs available in their
respective outcome datasets (Table 15).
The validation analysis for the PRS containing all of the VDR gene SNPs,
excluding those previously considered associated with HTN, AS had an OR, 95% CI and
p-value of 1.01, 0.99-1.03 and 0.19 respectively. IS had an OR, 95% CI and p-value of
1.00, 0.98-1.02 and 0.86 respectively. LAS had an OR, 95% CI and p-value of 0.98, 0.941.03 and 0.37 respectively. CES had an OR, 95% CI and p-value of 0.97, 0.93-1.01 and
0.11. SVS had an OR, 95% CI and p-value of 0.97, 1.10-1.21 and 3.44x10-9 respectively.
CAD had an OR, 95% CI and p-value of 1.07, 1.05-1.10 and 6.13x10-9 respectively
(Table 16). AS had 148 SNPs, IS had 147 SNPs, LAS had 149 SNPs, SVS had 115 SNPs
and CAD had 155 SNPs available in their respective outcome datasets (Table 16).
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Chapter IV
Discussion

The results found in this investigation allude to some interesting perspectives.
While there were statistically significant findings in the SBP PRS with VDR gene SNPs
in the three ICH cohorts (GOCHA, GERFHS, and EUR/ISGC) as stratified by race and
ethnicity, there were some indications that there are differences in hypertension mediated
ICH stratified by race and ethnicity. The ORs point to increased hypertension-mediated
ICH in blacks and Hispanics in comparisons to whites while the CI and p-values are
illustrations that more power is needed to confirm this association at a statistically
significant level. (Tables 7-11). More specifically, when stratified by race/ethnicity in the
GOCHA cohort, the differences that were observed between whites and blacks were most
prominent in the non-lobar ICH subtype risk. This is in-line with the hypothesis because
of the fact that hypertension-mediated ICH affects the deep regions of the brain, the SBP
PRS would have more effect in the non-lobar ICH risk, especially when stratified by race
and ethnicity when adding the VDR SNPs.
The analysis shows statistically significant relationships between VDR gene SNPs
and small vessel disease and CAD, represented in PRS validation analysis (Tables 1516). This, too, alludes to the plausibility of the VDR gene SNPs having an influence or
association with some underlying mechanism associated with the incidence of stroke and
possibly, more specifically, hypertension-mediated ICH. This can be assumed with the
statistically significant finding of VDR gene SNPs’ association with CAD and small
vessel stroke’s previous association with the incidence of stroke.
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Disease of the small intracerebral vessels has been assumed causal for a large
portion of small, lacunar and primary intracerebral brain bleeds (Allstair Lammie, 2000).
Grounded in occurrence of ruptures of an intracerebral vessel, assumed consequential of
a focal pathology at the vessel wall, bleeds in in these small vessels have also been
associated with increased levels of blood pressure and previous diagnosis of hypertension
(Allstair, 2006). This notion was also elucidated in studies showing the hypertensive
vasculopathy and inflammatory processes and changes that occur in cerebral small vessel
disease (CSVD) (Liu, Dong, Lyu, Chen & Li, 2018), with genetic studies showing
plausible novel loci being connected to CSVD (Chung et al., 2019), alluding to more
genetic implications in this relationship. With these previous considerations and findings
from earlier studies, the results from the validation analysis pointing to VDR genes
association with SVS could be indication of VDR genes being implicated in the
underlying mechanism of hypertension-mediated ICH, having influence on the
vasculopathy and perforation vessels that lead to this kind of brain bleed. The use of
VDR genes could be an
The validation analysis’ showing an association between VDR gene SNPs and
CAD is an interesting finding. This is due to the fact that ischemic stroke and CAD have
common risk factors, with CAD often being a predisposition to the incidence of ischemic
stroke (Bhatia, et al., 2019). These findings have been corroborated by the frequency
asymptomatic CAD being found in patients who had a stroke or TIA in autopsies, with
studies showing up to 80% of patients showing the presence of coronary plaques and
40% showing stenosis of the coronary artery (Amarenco et al., 2013). While the focus of
this study was ICH, studies have shown that patients with a history of CAD, history of
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stroke, TIA is found to increase the incidence of both ischemic and hemorrhagic stroke
(Ducrocq et al., 2013).

Future Directions and Considerations
The findings in this study suggest the VDR gene may be an influential component
of the underlying mechanism of stroke, ICH specifically. Future directions may include a
more robust investigation of VDR gene variants across different cohorts. With the
inequality of disease burden being shown in populations of color, increased efforts need
to be made to include race and ethnicity as a component of research. A fruitful approach
may include the juxtaposition of the use of PRS with another gene of a similar size to
illustrate that the VDR gene’s small size is rich its association as opposed to providing
illegitimate findings, confounded by its small size.
From a public health perspective, stroke is the second leading cause of death
world-wide, populations of color having twice the likelihood of experiencing a stroke
than white populations (Stroke Facts | cdc.gov, 2020). This statistic alone speaks to the
need to address disparities of disease burden, in-line with the overall need to address
health disparities that include access to equitable healthcare and health literacy. It is
essential that the advancements in genetic technologies, approaches and understandings
are inclusive and provide an equitable opportunity for all populations. Not doing so has
the propensity to make the clinical application of genetic understandings and approaches
another metric of inequality, further widening the gap among diverse populations Martin
et al., 2019).
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Genetic research and treatment of diseases are seeing advancements that provide
health professionals, scientist and researchers with great optimism about the future of
medicine. With these advancements it is also important to consider the foundational
elements that make up the infrastructure that furnishes the improvements and
progressions of clinical research and its translation to healthcare. With respect to
genetics, the subjects from which the genetic data is derived are the infrastructure from
which conclusion are reached. If the infrastructure, subjects, form which the genetic data
that is being used to draw conclusions does not reflect the eclectic and diverse
populations that are being seen in clinics and hospitals across the world, there is a risk of
continued disparities in the form of inapplicable and implausible to the populations that
are underrepresented. Analogous to having diverse representation on a schoolboard,
committee or representatives in a government body, diversity is needed to reflect the
nuances and innerworkings of a community, group, race, ethnicity, among other
categories. The same can be said for genetics. With many complex and heterogeneous
mechanisms that connect genes to disease, without proper diversification of populations
represented in the genetic data that is being interpreted, these nuances have a higher
likelihood of being unaccounted for in the interpretations from research being conducted.
Efforts are being made. It is essential that these efforts continue to be made and
integrated in the routine considerations of genetic research.

Limitations
Limitations to this study include sample sizes of the ICH GWAS cohorts overall.
The sample size of non-white participants in the GOCHA cohort was limited which the
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power of the analysis. Another limitation is the fact that the composition of the SBP
GWAS cohort is primarily of European ancestry. Constructing a PRS from a multi-ethnic
SBP GWAS data will more accurately reflect the genetic composition in non-Europeans
and would allow for more unbiased inferences. There was no validation cohort to
estimate the actual effect of the SBP PRS on blood pressure. Only one method of PRS
construction, including pruning and thresholding was used. Other more robust methods
such as those modeling linkage disequilibrium, such as LDpred, could potentially offer
more in-depth explanation for more variance and thus yield better estimates. Also of note,
the r2 value that was chosen to define independent variants is slightly higher than normal
for the mendelian randomization validation analysis. A more stringent r2 value, such as
0.1, is warranted in future investigations.

Conclusions
This study showed no statistically significant findings with respect to VDR geneinfluenced hypertension-mediated ICH, however, findings did show increased incidence
amongst non-white populations. This finding has the potential to be confirmed with more
statistical power coming from datasets with more black and Hispanic subjects. The
validation analysis showed statistically significant associations amongst VDR gene
variants and SVS and CAD. SVS and CAD have been shown to play a role in the
predisposition to, and underlying mechanism of stroke, ICH specifically.
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Table 1. SBP PRS
All ICH
SBP PRS
Non-lobar ICH
SBP PRS
Lobar ICH
SBP PRS

OR (Per 1 SD)

95% CI

P-value

1.08

1.01-1.15

0.03

1.07

1.00-1.15

0.06

1.02

0.94-1.11

0.56

SBP PRS, analyzed in groups containing All ICH, non-lobar ICH and lobar ICH,
detailing the odds ratios (OR) per 1 standard deviation (SD), 95% confidence interval
(CI) and p-value.

. Table 2. SBP PRS + VDR Gene SNPs (All)
All ICH
SBP PRS
Non-lobar ICH
SBP PRS
Lobar ICH
SBP PRS

OR (Per 1 SD)

95% CI

P-value

1.08

1.01-1.15

0.03

1.07

1.00-1.15

0.06

1.02

0.94-1.11

0.57

SBP PRS containing all of the VDR gene SNPs that were derived from the USCS Genome
Browser, analyzed in groups containing All ICH, non-lobar ICH and lobar ICH,
detailing the odds ratios (OR) per 1 standard deviation (SD), 95% confidence interval
(CI) and p-value
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Table 3. SBP PRS + VDR Gene SNPs (Excluding those SNPs previously considered
associated with HTN)
OR (Per 1 SD)

95% CI

P-value

1.08

1.01-1.15

0.03

1.07

1.00-1.15

0.06

1.02

0.94-1.11

0.57

All ICH
SBP PRS
Non-lobar ICH
SBP PRS
Lobar ICH
SBP PRS

SBP PRS containing all of the VDR gene SNPs that were derived from the USCS Genome
Browser except for those VDR gene SNPs that were previously considered for association
with HTN. These statistics detail the odds ratios (OR) per 1 standard deviation (SD),
95% confidence interval (CI) and p-value, analyzed in groups containing All ICH, nonlobar ICH and lobar ICH.

Table 4. Only VDR Gene SNPs (All)
All ICH
SBP PRS
Non-lobar ICH
SBP PRS
Lobar ICH
SBP PRS

OR (Per 1 SD)

95% CI

P-value

1.00

0.94-1.07

1.00

1.00

0.93-1.09

0.93

1.00

0.92-1.08

0.97

All of the VDR gene SNPs that were derived from the USCS Genome Browser. These
statistics detail the odds ratios (OR) per 1 standard deviation (SD), 95% confidence
interval (CI) and p-value, analyzed in groups containing All ICH, non-lobar ICH and
lobar ICH.
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Table 5. Only VDR Gene SNPs (Excluding those previously considered with association
with HTN)
All ICH
SBP PRS
Non-lobar ICH
SBP PRS
Lobar ICH
SBP PRS

OR (Per 1 SD)

95% CI

P-value

1.00

0.94-1.07

0.97

1.01

0.93-1.09

0.89

1.00

0.92-1.08

0.97

All of the VDR gene SNPs that were derived from the USCS Genome Browser Excluding
those previously considered associated with HTN. These statistics detail the odds ratios
(OR) per 1 standard deviation (SD), 95% confidence interval (CI) and p-value.

Table 6. Racial and Ethnic Breakdown of GOCHA Cohort
White
Black
Hispanic

All Cohort (n=841)
778 (92.5%)
43 (5.1%)
18 (2.1%)
N missing = 2

This is the racial and ethnic breakdown of the GOCHA cohort used for the race and
ethnic based analysis. There were 2 subjects from this cohort that did not have
corresponding race and ethnic phenotypic information. Of the total 841 subjects, 778
were White, 43 were Black and 18 were Hispanic, representing 92.5 %, 5.1% and 2.1%
of the total cohort respectively.
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Table 7. Racial and Ethnic Breakdown of GOCHA Cohort
All ICH
White
Black
Hispanic
Non-lobar ICH
White
Black
Hispanic
Lobar ICH
White
Black
Hispanic

OR (Per 1 SD)

95% CI

P-value

1.02
1.45
0.65

0.88-1.18
0.84-2.65
0.24-1.48

0.79
0.20
0.33

1.06
1.15
2.10

0.89-1.25
0.66-2.03
0.82-7.46

0.52
0.62
0.17

0.98
1.40
0.21

0.83-1.14
0.73-2.83
0.027-0.717

0.76
0.32
0.0487

SBP PRS detailing the odds ratios (OR) per 1 standard deviation (SD), 95% confidence
interval (CI) and p-value. These statistics detail the odds ratios (OR) per 1 standard
deviation (SD), 95% confidence interval (CI) and p-value, analyzed in groups containing
All ICH, non-lobar ICH and lobar ICH, categorized by race and ethnic identity. An
adjustment for age, sex and principal components was not done due to limited sample
size.

Table 8. SBP PRS + VDR Gene SNPs (All) (Race and Ethnicity-Based Analysis)
All ICH
White
Black
Hispanic
Non-lobar ICH
White
Black
Hispanic
Lobar ICH
White
Black
Hispanic

OR (Per 1 SD)

95% CI

P-value

1.02
1.43
0.71

0.89-1.18
0.83-2.62
0.27-1.60

0.75
0.22
0.42

1.07
1.11
2.16

0.90-1.26
0.64-1.97
0.83-7.84

0.46
0.71
0.16

0.97
1.45
0.256

0.83-1.14
0.75-3.05
0.041-0.791

0.73
0.29
0.056
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SBP PRS, containing all of the VDR gene SNPs that were derived from the USCS
Genome Browser, detailing the odds ratios (OR) per 1 standard deviation (SD), 95%
confidence interval (CI) and p-value. These statistics detail the odds ratios (OR) per 1
standard deviation (SD), 95% confidence interval (CI) and p-value, analyzed in groups
containing All ICH, non-lobar ICH and lobar ICH, categorized by race and ethnic
identity. An adjustment for age, sex and principal components was not done due to
limited sample size.

Table 9. SBP PRS + VDR Gene SNPs (Excluding Those VDR Gene SNPs Previously
Considered Associated With HTN) (Race and Ethnicity-Based Analysis)
All ICH
White
Black
Hispanic
Non-lobar ICH
White
Black
Hispanic
Lobar ICH
White
Black
Hispanic

OR (Per 1 SD)

95% CI

P-value

1.03
1.43
0.70

0.89-1.18
0.83-2.63
0.27-1.59

0.76
0.21
0.41

1.07
1.12
2.15

0.90-1.26
0.64-1.98
0.83-7.82

0.46
0.70
0.16

0.97
1.45
0.253

0.83-1.14
0.75-3.03
0.040-0.787

0.73
0.29
0.056

SBP PRS, containing all of the VDR gene SNPs that were derived from the USCS
Genome Browser excluding those previously considered associated with HTN, detailing
the odds ratios (OR) per 1 standard deviation (SD), 95% confidence interval (CI) and pvalue. These statistics detail the odds ratios (OR) per 1 standard deviation (SD), 95%
confidence interval (CI) and p-value, analyzed in groups containing All ICH, non-lobar
ICH and lobar ICH, categorized by race and ethnic identity. An adjustment for age, sex
and principal components was not done due to limited sample size.
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Table 10. Only VDR Gene SNPs (All) (Race and Ethnicity-Based Analysis)
All ICH
White
Black
Hispanic
Non-lobar ICH
White
Black
Hispanic
Lobar ICH
White
Black
Hispanic

OR (Per 1 SD)

95% CI

P-value

1.04
0.82
3.97

0.90-1.19
0.42-1.53
1.12-27.33

0.62
0.53
0.07

1.08
0.65
1.17

0.91-1.28
0.32-1.24
0.37-4.33

0.37
0.20
0.79

0.98
1.35
4.28

0.84-1.14
0.63-3.15
1.05-37.79

0.77
0.45
0.098

All of the VDR gene SNPs, only, that were derived from the USCS Genome Browser
excluding those previously considered associated with HTN, detailing the odds ratios
(OR) per 1 standard deviation (SD), 95% confidence interval (CI) and p-value. These
statistics detail the odds ratios (OR) per 1 standard deviation (SD), 95% confidence
interval (CI) and p-value, analyzed in groups containing All ICH, non-lobar ICH and
lobar ICH, categorized by race and ethnic identity. An adjustment for age, sex and
principal components was not done due to limited sample size

Table 11. Only VDR Gene SNPs Excluding Those Previously Considered Associated
with HTN (Race and Ethnicity-Based Analysis)
All ICH
White
Black
Hispanic
Non-lobar ICH
White
Black
Hispanic
Lobar ICH
White
Black
Hispanic

OR (Per 1 SD)

95% CI

P-value

1.04
0.84
3.98

0.90-1.19
0.43-1.56
1.11-27.40

0.62
0.57
0.07

1.08
0.67
1.15

0.91-1.28
0.33-1.26
0.36-4.25

0.36
0.22
0.81

0.98
1.36
4.52

0.84-1.14
0.64-3.18
1.05-43.49

0.76
0.44
0.096
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VDR gene SNPs, excluding those previously considered associated with HTN, that were
derived from the USCS Genome Browser excluding those previously considered
associated with HTN, detailing the odds ratios (OR) per 1 standard deviation (SD), 95%
confidence interval (CI) and p-value. These statistics detail the odds ratios (OR) per 1
standard deviation (SD), 95% confidence interval (CI) and p-value, analyzed in groups
containing All ICH, non-lobar ICH and lobar ICH, categorized by race and ethnic
identity. An adjustment for age, sex and principal components was not done due to
limited sample size.

Table 12. SBP PRS - Validation Analysis
AS
IS
LAS
CES
SVS
CAD

OR (Per 1 SD)
1.029
1.031
1.047
1.016
1.034
1.033

95% CI
1.027-1.031
1.029-1.033
1.043-1.051
1.013-1.020
1.031-1.038
1.031-1.035

P-value
4x10-234
1.14x10-233
3.73x10-126
2.78x10-22
3.33x10-80
1.02x10-189

SBP PRS Validation Analysis detailing the odds ratios (OR) per 1 standard deviation
(SD), 95% confidence interval (CI) and p-value. These statistics detail the odds ratios
(OR) per 1 standard deviation (SD), 95% confidence interval (CI) and p-value, analyzed
in groups containing AS, IS, LAS, CES, SVS and CAD. The MEGASTROKE cohort
contained 2995 SNPs for AS, 2986 SNPs for IS, 3008 SNPs for LAS, 3014 SNPs for CES,
2599 SNPs for SVS and 3024 SNPs for CAD.

Table 13. SBP PRS + VDR Gene SNPs (All) - Validation Analysis
AS
IS
LAS
CES
SVS
CAD

OR (Per 1 SD)
1.029
1.031
1.047
1.017
1.035
1.033

95% CI
1.027-1.031
1.029-1.033
1.043-1.051
1.013-1.020
1.032-1.039
1.031-1.036

P-value
1.24x10-240
2.01x10238
2.35x10-126
2.69x10-22
5.40x10-83
2.35x10-196

Validation Analysis of SBP PRS containing all VDR gene SNPs, derived from the USCS
Genome Browser, detailing the odds ratios (OR) per 1 standard deviation (SD), 95%
confidence interval (CI) and p-value. These statistics detail the odds ratios (OR) per 1
standard deviation (SD), 95% confidence interval (CI) and p-value, analyzed in groups
containing AS, IS, LAS, CES, SVS and CAD. The MEGASTROKE cohort contained 2995
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SNPs for AS, 2986 SNPs for IS, 3008 SNPs for LAS, 3014 SNPs for CES, 2599 SNPs for
SVS and 3024 SNPs for CAD.
Table 14. SBP PRS + VDR Gene SNPs (Excluding Those Previously Considered
Associated with HTN) - Validation Analysis
AS
IS
LAS
CES
SVS
CAD

OR (Per 1 SD)
1.029
1.031
1.047
1.017
1.035
1.033

95% CI
1.027-1.031
1.029-1.033
1.043-1.051
1.013-1.020
1.031-1.039
1.031-1.036

P-value
2.22x10-240
2.58x10-126
2.84x10-126
2.92x10-22
8.04x10-83
5x10-196

Validation Analysis of SBP PRS containing all VDR gene SNPs excluding those
previously considered associated with HTN, derived from the USCS Genome Browser.
Statistics of the odds ratios (OR) per 1 standard deviation (SD), 95% confidence interval
(CI) and p-value shown. These statistics detail the odds ratios (OR) per 1 standard
deviation (SD), 95% confidence interval (CI) and p-value, analyzed in groups containing
AS, IS, LAS, CES, SVS and CAD.
Table 15. Only VDR Gene SNPs (ALL) - Validation Analysis
AS
IS
LAS
CES
SVS
CAD

OR (Per 1 SD)
1.01
1.00
0.98
0.97
1.14
1.08

95% CI
1.00-1.03
0.98-1.02
0.94-1.02
0.93-1.01
1.01-1.20
1.05-1.10

P-value
0.16
0.85
0.38
0.11
2.28x10-9
7.70x10-10

Validation Analysis of all VDR gene SNPs derived from the USCS Genome Browser.
Statistics of the odds ratios (OR) per 1 standard deviation (SD), 95% confidence interval
(CI) and p-value shown. These statistics detail the odds ratios (OR) per 1 standard
deviation (SD), 95% confidence interval (CI) and p-value, analyzed in groups containing
AS, IS, LAS, CES, SVS and CAD. SVS and CAD showed statistically significant results
for SVS and CAD’s OR, CI at 95% and p-value.
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Table 16. PRS - VDR Gene SNPs (Excluding Those Previously Considered Associated
with HTN) - Validation Analysis
AS
IS
LAS
CES
SVS
CAD

OR (Per 1 SD)
1.01
1.00
0.98
0.97
1.15
1.07

95% CI
0.99-1.03
0.98-1.02
0.94-1.03
0.93-1.01
1.01-1.21
1.05-1.10

P-value
0.19
0.86
0.37
0.09
3.44x10-9
6.13x10-9

Validation Analysis of VDR gene SNPs excluding those previously considered associated
with HTN, derived from the USCS Genome Browser. Statistics of the odds ratios (OR)
per 1 standard deviation (SD), 95% confidence interval (CI) and p-value shown. These
statistics detail the odds ratios (OR) per 1 standard deviation (SD), 95% confidence
interval (CI) and p-value, analyzed in groups containing AS, IS, LAS, CES, SVS and
CAD. SVS and CAD showed statistically significant results for SVS and CAD’s OR, CI at
95% and p-value.
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