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Abstract  
Although stroke is the third leading cause of death and the leading cause of long-term 

disability, the cause of stroke is largely viewed as environmentally impacted and modifiable 

unlike the top two leading causes of death, heart disease and cancer. In order to understand the 

complexity of stroke and the impact it has on patients and their family members when 

environmental factors do not provide a full explanation, this thesis seeks to explore the potential 

genetic factors that contribute to the incidence of stroke. Single-gene disorders, polygenic 

/genome-wide disorders, and epigenetic influences to the presentation of stroke will be explored 

and an assessment on how stroke genetics could be applied in clinical practice will be discussed.  

 
Introduction and Statement of Purpose 

Stroke is the third cause of death and the leading cause of long-term disability in the 

United States (National Institute of Health 2013, Bell et al. 2012). There are two types of stroke 

ischemic and hemorrhagic (National Institute of Health 2013).  Stroke, in the clinical setting, is 

defined as the sudden onset of neurological impairment due to vasculature lasting more than 24 

hours or leading to death (Francis et al. 2007). Ischemic is when there is a lack of blood flow to 

the brain that can be caused by an occluded blood vessel whereas hemorrhagic stroke is an 

intracerebral bleed. Majority of strokes, about 85%, are due to ischemic, and 13% are due to 

hemorrhagic; however, there are higher mortality rates seen in hemorrhagic strokes than 

ischemic (Bell et al. 2012, Liebeskind 2015). Although not classified, transient ischemic attacks 

have stroke-like symptoms. A transient ischemic attack (TIA), also known as a minor stroke is a 

neurological defect that lasts less than 24 hours with symptoms typically resolving within an 

hour (Johnston 2002).  

Epidemiological studies show a variance from nation to nation suggesting the importance 

of both environmental and genetic factors in stroke (Francis et al. 2007). This disease has a high 



prevalence in industrialized nations and developed countries (Bell et al. 2012, Francis et al. 

2007). Current studies indicate that 50% of the risk factors for stroke are environmental leaving 

the remaining 50% due to genetics or other factors. Also, there has been an increasing amount of 

studies on families and twin gene studies (Francis et al. 2007). Stroke genetics is a growing topic 

of research that has not quite reached the general public; it is a developing area of research 

particularly in the United States and especially with a disease that has a wide variety of 

symptoms that can be difficult to detect or diagnosis (Yoon et al. 2002). At present moment, the 

time of hospitalization and treatment measures after the onset of stroke is dependent on the 

knowledge of stroke including how to recognize symptoms (Yoon et al. 2002).  Before delving 

into the genetic indications and current studies on strokes, it is important to understand the 

different types of stroke, the varied and non-observable symptoms, and the environmental risk 

factors. Then the discussion can begin on genetic predisposition for strokes in order to determine 

the importance of screening for stroke in the way other genetically predisposed pathologies are 

and to target specific interventions and treatments accordingly. 

 
Symptoms of Stroke 

Diagnosing stroke is not a straightforward task, but must be diagnosed correctly, because 

treatment is specific depending on the type of stroke, location, and severity (Ebrahim et al. 

1999). As mentioned earlier, stroke is sudden onset of neurological impairment and cerebral 

function lasting more than 24 hours; however, this doesn’t distinguish between the types of 

stroke occlusion or bleeding (Francis et al. 2007, Sundseth et al. 2014). Clinical accuracy is 

established by two factors: specificity and sensitivity. Specificity is described as the ability to 

diagnose a stroke accurately. Sensitivity is the ability to correctly identify that a stroke has not 

occurred (Ebrahim et al. 1999). The typical elements for recognizing symptoms of stroke are 



described in the key elements of the Newcastle Face Arm Speech Test (FAST), and are facial 

weakness, arm weakness, and speech disturbance (Sundseth et al. 2014). The standard definition 

of stroke taken directly from the National Institute of Neurological Disorders and Stroke and is 

defined by five conditions (Sundseth et al. 2014): 

 
1. Sudden numbness of weakness of face, arm, or leg, especially on one side of the body 
2. Sudden confusion or trouble speaking or understanding speech  
3. Sudden trouble seeing in one or both eyes 
4. Sudden trouble walking, dizziness, or loss of balance or coordination 
5. Sudden severe headache with no known cause 
 

Knowledge of stroke symptoms and risk factors were researched in the general population and 

those that have suffered from a stroke the comments made by both groups on stroke symptoms 

are listed below (Table 1). 

Table 1: Recognizing Stroke: Comments from the General Public vs. Stroke Group 
 
 
 
 
 
 
 
 
 
 
 

Adapted from Yoon, SS. Perceptions of stroke in the general public and patients with 
stroke: a qualitative study. 
 
A table of qualitative data shown above is from the study by Sung Sug Yoon and Julie 

Byles on the perception of stroke in the general public. They also found that patients with stroke 

symptoms were not as easily recognized or as knowledgeable about the presentation of a stroke, 

because they did not match symptoms they had read about. This suggests that either the 

information on symptoms is not accurate, is not encompassing enough, or stroke symptoms are 

General Public Stroke Group 
Paralysis 
Swallowing 
Personality change 
Loss of vision 
Lost of control of bladder 
Hand tremors 
Pain, maybe dizziness 
Tingling sensations 
Memory loss  
Headaches 
Blurred Vision 

Emotional Incontinence 
Speech sounds like bird or drunk  
Headache 
Taste Pine 
Light headedness 
No headache, just bang and crying 
Left side of face felt tingly 
Sensation of walking around drunk 
Loss of use of left arm, collapse  
No feeling in right arm, face went funny 
Balance and double vision  



varied and hard to accurately explain (Yoon et al. 2002). Written information on strokes does not 

successfully convey the necessity for immediate hospitalization for the warning signs or 

symptoms of stroke. Genetic predisposition could be a family conversation so that any warning 

sign is immediately taken seriously and aggressively. 

Overview of Stroke Risk Factors 
The most common risk factors cited as the source of stroke are mainly environmental or 

modifiable such as hypertension, atrial fibrillation and cigarette smoking—factors that affect 

vasculature (Goldstein et al. 2001). When it comes to environmental factors, they are typically 

seen as factors that can be prevented by modified life-styles. The opposite is the case for genetic 

risk factors. Stroke factors are divided into modifiable vs. non-modifiable risk factors (Table 2) 

(Bell et al. 2012). When reviewing epidemiology studies in regards to non-modifiable stroke risk 

factors in Goldstein’s et al study on Primary Prevention of Ischemic Stroke, stroke is found to be 

more prevalent in certain races, Black and Hispanic, than Whites. This prevalence has also been 

linked to health habits for particular races; between sexes where incidence of stroke is higher in 

men, even though fatalities due to stroke are higher in women; and in genetics as seen with 

family history, both maternal and paternal. These are all potential risk factors that could be 

explained from genetic heritability of stroke risk factors, lifestyle and environmental factors due 

to passing down of culture and traditions, and epigenetics, the idea of how environmental factors 

interact with genetics (Goldstein et al. 2001).  Furthermore, stroke is more prevalent as age 

increases due to the effects of aging on the cardiovascular system and the rate of incidence of 

stroke doubles every ten years after the age of 55. This suggests that if a protocol for screening is 

developed, screenings should increase in frequency according to age (Goldstein et al. 2001). 

 
 
 



Table 2: Modifiable and Non-modifiable Stroke Risk Factors 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Adapted from Bell et. al. Hemorrhagic and Ischemic Stroke: Medical, Imaging, Surgical, and 
Interventional Approaches. 

 
The importance of these risk factors is to understand how timing is critical for 

intervention, because it requires immediate diagnosis and treatment and how onset can be 

complex if more steps are required for implementation of that treatment (Bell et al. 2012). 

Although, in a study conducted by Goldstein, et al. on Primary Prevention of Ischemic Stroke, 

researchers found that when it comes to dealing with stroke, the best approach isn’t the 

treatments that exist such as tissue plasminogen, but what is most beneficial to decreasing the 

incidence of stroke is prevention (Goldstein et al. 2001). Samsa et al. in the study Knowledge of 

Risk Among Patients at Increased Risk for Stroke found that 41% of their population was aware 

of their stroke risk and even fewer, 21%, remember their physician informing them of this risk. 

The researchers also indicated that being informed of one’s stroke risk by a licensed official or 

physician correlated with an understanding of increased stroke risk and compliance with 

preventive measurements and practices (Samsa et al. 1997). 

Non-modifiable Modifiable 
Age 
Gender 
Race/Ethnicity 
Genetics 

Hypertension 
Diabetes 
Cigarette smoking 
Dyslipidemia 
Physical inactivity 
Obesity 
Excessive alcohol intake 
Atrial fibrillation 
Other heart disease 
Drug abuse 
Obstructive sleep apnea 
Previous stroke/transient ischemic 

attack (TIA) 
Hypercoagulable state 
Aortic atheroma 
Patent foramen ovale 
Carotid artery disease  



Stroke risk factors are not separated based on type of stroke and since a majority of 

strokes are ischemic instead of hemorrhagic, the risk factors are in relation to infarction such as 

complications of atherosclerosis. These are risk factors similar to coronary heart disease (Catto 

and Carter 2003). Study patients in Yoon’s study on recognition of symptoms found that with the 

overlap of symptoms that could pertain to other disease a greater focus and concern was placed 

on heart disease or cancer where 90% reported that they would call 911 or go to the emergency 

room with the presentation of stroke symptoms, but only 23-42% said they would without 

mentioning stroke (Yoon 2002). 

 
Environmental Factors 
 In the literature about environmental contributors to stroke, the term most commonly 

used is not environmental, but modifiable. This term along with the factors discussed below may 

lead to some indication of why strokes are typically seen as the result of someone’s actions 

throughout life, which is not to say that it isn’t, but this has the effect of distracting from other 

factors that could either lead a higher rate of stroke or toward these environmental factors that 

increase the chance of stroke. 

 
Hypertension 
The most heavily researched and discussed modifiable risk factor is hypertension. 

Elevated blood pressure increases with age (Goldstein et al. 2001) and correlates with the 

non-modifiable risk factor of age. There is an association of family history of stroke with 

an increase of blood pressure (systolic) (Ebrahim and Harwood 2001). Hypertension is 

also the most treatable of stroke risk factors and has an impact on both ischemic and 

hemorrhagic stroke (Norris and Hachinkski 1991). Monitoring and treating elevated 

blood pressure has decreased the chance of stroke.  



Smoking 
Cigarette smoking has emerged as a significant risk factor for the incidence of stroke. 

Smoking’s effect on vasculature such as arterial wall stiffness and blood flow in regards 

to increased aggregation of platelets and increased hematocrit (Goldstein et al. 2001). It is 

suggested that one abstain from smoking altogether as it has an effect on cardiac health as 

well.  

 
Diabetes 
Patients with diabetes have a higher risk of stroke due to the association of insulin-

dependent diabetics having hypertension, obesity, and/or blood lipids that are abnormal. 

Epidemiological studies of stroke occurring in diabetic patients show a higher incidence 

in this population and stroke incidence has been seen to decrease when hypertension is 

treated and controlled for patients with diabetes (Goldstein et al. 2001).  

 
Although not discussed in detail, other modifiable factors, as well as non-modifiable are listed in 

Table 2. 

Why Stroke Genetics? 
As research on stroke genetics develops and expands, it is not clear what the benefits of 

gaining knowledge of a genetic predisposition for stroke are or could be, since at the present time 

there is not an entire prevention protocol the way there is for presentations of other disease. 

However, understanding different subtypes of stroke could lead to the development of therapies 

targeted for that specific stroke type (Catto and Carter 2003). According to Bak et al, stroke is a 

heterogeneous disease and because there are different types of stroke, the genetic influence on 

the incidence of stroke may be different and unique to that presentation of specific type of stroke 

(Brass et al. 2002). These will be discussed in more detail below. Furthermore, despite the 

growing evidence of a genetic component, the prevalence of stroke is complex and is likely 



influenced epigenetically especially when the multitude of environmental factors are taken into 

account. A study that looked at how increased awareness of increased risk of stroke following a 

minor stroke or TIA could improve prevention practice indicates the benefits of focusing on 

genetic risk factors. Understanding genetic risk factors could be an indicator of the need for 

improvement in prevention practices as well (Samsa et al. 1997). Current progress on diseases 

showing an underlying genetic basis as the presentation of stroke have been discovered by 

working back from the known biochemical defect or linkage analysis. From this progress, 

genetic risk factors leading to stroke could occur by either increasing the risk of stroke or 

modulating the repair and damage in the cerebral response, an area of research that remains 

largely untouched. (Catto and Carter 2003). 

 
Current Findings on Genetic Factors 

A comprehensive study on twins that investigated the Twin Registry maintained by the 

National Academy of Sciences-National Research Council for the role of genetic factors in 

stroke utilized a questionnaire to over 9,000 twins inquiring that role, and found a five-fold 

increase in the prevalence of stroke among monozygotic twins versus dizygotic twins. (Brass et 

al. 1992). This difference indicates that the genetic component of stroke incidence plays a 

significant role. 

Genetic heterogeneity is difficult to isolate for several reasons. One difficulty is age of 

presentation of stroke; stroke typically presents in old age making clinical studies hard to 

conduct as most family members are of old age as well or deceased. Additionally, other risk 

factors could complicate, confound, or mask the expression of a stroke gene if one exists. (Catto 

and Carter 2003). For most diseases, genetic contribution can be determined by using family-

data to calculate heritability, but due to a lack of pedigree-based studies, late age of onset, and 



high mortality in stroke patients, this is not an easy task (Devan et al. 2013). Existing research 

has led to the understanding of single-gene disorders and genome-wide disorders that may 

contribute to stroke risk or cause strokes. Current studies on family history and twin studies have 

led to diverse results with many of them focusing on single gene disorders (Francis et al. 2007). 

Further insight shows that risk particularly for ischemic strokes are likely due to epigenetics and 

environmental exposures interacting with genetic effects (Devan et al. 2013). Research on 

genomics and the interaction of environment on genetics is making progress in addition to 

studies on individual gene mutations. Stroke risk factors are not separated based on type of 

stroke and because majority of strokes are ischemic instead of hemorrhagic and thus there is a 

need to separate genetic factors into those subtypes (Catto and Carter 2003). Genetics may also 

influence how one recovers after a stroke (Brass et al. 1992). Because some risk factors and 

symptoms of stroke are similar to heart disease genetic components may be linked more to 

prevalence of those factors. However, genetic predilection for the incidence of stroke and how it 

presents itself will be discussed further.   

 
Twin and Familial Studies  

In order to understand the potential heritability of vascular risk factors twin and familial 

studies have been conducted to establish an idea of the complex traits that could be a 

contribution to stroke risk. Interestingly enough, twin studies have been scarce in regards to 

stroke genetics. At the time of the Brass et al study on genetic liability of stroke by accessing 

twin studies, only two twin studies had been conducted (Brass et al 2002). Twin registries have 

long been used to assess the role of genetics in cardiovascular disease, but Brass and his 

colleagues wanted to apply this technique to cerebrovascular disease to see if they could 

distinguish some genetic factors. Unlike some limitations that come with stroke studies, 



nonresponse of a participant due to death or other complication was not a limitation, because 

each participant was a twin and could provide some information. That being said, it is clear that 

the same limitations discussed earlier complicate the validity of this study if one is relying on 

recall. As mentioned earlier, this study found a five-fold increase in the prevalence of stroke 

among monozygotic twins versus dizygotic twins. This difference indicates that the genetic 

component of stroke incidence plays a significant role (Brass et al. 1992). Although this study 

had many limitations, this conclusion was made due to understanding of monozygotic versus 

dizygotic twins. Monozygotic twins developed from the same zygote and thus are genetically 

identical whereas dizygotic twins are two separate zygotes that develop without identical genetic 

information and are known more commonly as fraternal twins. Another comprehensive study on 

twins and stroke by Bak et al. accessed the twin registry in Denmark and was able to conduct a 

study unique from the study above. After accessing this registry and enrolling them into the 

study, 683 co-twins were included for follow-up after at least one of the twins were recorded as 

having a stroke due to discharge or death records (Bak et al. 2002). Findings were congruent 

with Brass et al, that monozygotic twins had a higher risk, about 1.5 times more, of a stroke 

occurring than in dizygotic twins. However, the researchers did conclude that the magnitude of 

monozygotic twin and dizygotic twins were roughly the same for incidence of stroke and 

concluded that at the present time risk factors for stroke were not substantially different. 

 Traditional family studies are limited, because it is difficult to distinguish between 

genetic and environmental influences, or the combination of the two (Bak et al 2002). The most 

inclusive study currently on family and generational incidence of stroke was in the Framingham 

study (Meschia 2011).  Previous familial studies used questionnaires or interview to determine a 

family history of stroke and results varied (Kiely et al. 1993, Meshcia 2011). Kiely et al. 



conducted one of the first studies that studied patterns of familial influence on stroke by using 

data from the Framingham Study by accessing the data that reported parental stroke death. After 

including parental history, whether maternal or paternal, researchers found a slight increase in 

the chance of stroke, but this relationship is not fully supported as many of their offspring are 

still at a young age and have yet to experience stroke or stroke-like symptoms (Kiely et al. 1993). 

Wolf et al. also made conclusions of the probability of stroke by analyzing different risk factors 

form the Framingham Study. By using a Cox proportional hazards regression model, they were 

able to estimate the likelihood of a stroke occurring over a ten-year period in people between the 

ages 55-84. The findings in this study incorporated environmental risk factors to screen for the 

chance of a stroke as a way to develop the correct treatment plan, but did not factor in genetics 

(Wolf et al. 1991). Overall findings from the Framingham study were that a parent with a history 

of stroke before the age of sixty-five increased the risk of stroke in their offspring 2.79-fold and 

for a history of ischemic stroke the risk increased 3.15-fold (Meschia 2011). As previously 

mentioned, due to family history, shared environment and shared genes were not accounted for 

in these studies, but do have an impact. This provides an avenue for specific research focuses.  

Genetic Factors in Hemorrhagic Stroke 
Genetic factors for hemorrhagic stroke are significantly under-researched area in 

comparison to ischemic stroke due to the fact that ischemic strokes are more common and 

hemorrhagic are typically fatal. Intracerebral hemorrhage (ICH) mortality rate is 40-50% over a 

period of 30 days. (Woo et al. 2002). There is a higher risk of fatal stroke for hemorrhagic stroke 

and could indicate a higher genetic component for this stroke type compared to ischemic (Bak et 

al. 2002). Specific stroke factors associated with ICH are apoliportein E genotype, race, 

antithrombotic use, and hypertension (Matsukawa et al. 2011). Past literature explains that the 

difference of the location of hemorrhagic stroke is due to etiology. Lobar ICH occurs in 



superficial regions of the cerebral hemispheres where small arteries and arterioles project into 

these lobes (Broderick et al. 1993). Non-lobar occurs in the basal ganglia, thalamus, brainstem, 

and cerebellum (Wityk and Llinas 2007). A study conducted by William J. Devan, et al. used 

shared ancestry among unrelated individuals to estimate heritability and found a link between 

intracerebral hemorrhage risk and outcome and the apolipoprotein E gene (APOE). Findings 

indicated that APOE accounted for ~30% of lobar ICH, but no correlation was found for deep 

ICH. The specific data for lobar versus deep ICH found that total variance accounted for by 

genetic risk factors was found to be 73% (SE, 26%) for lobar ICH and 34%(SE, 20%) for deep 

ICH (Devan et al. 2013). Key significance in research on genetics in an ICH is that it relies 

heavily on a patient or patient’s family member to recall what type of stroke they suffered. Based 

on the risk factors discussed above, hypertension is reported as having a high rate in those 

suffering from an ICH, but this depended on location of the (Woo et al. 2002). Matsukawa et al. 

in a study that looked at the effect of body mass index (BMI) on location of ICH concluded that 

associated risk factors were older age and being underweight whereas non-LH were found to be 

more related and influenced by hypertension and intraventricular bleeding [Matsukawa]. Using 

public databases, Yamada et al. selected 152 genes that have been suggested to be associated 

with stroke due to their connections with stroke risk factors such as hypertension, platelet 

function, and coagulation and then genotyping those polymorphisms, a total of 202, by isolating 

genomic DNA with the Genomix kit. These polymorphisms were typically located in the 

promoter region, exons, or regions where introns were spliced (Yamada 2006). This study was 

done for both ischemic and hemorrhagic stroke where findings on ischemic strokes can be found 

in the genome section under Genetic Factors in Ischemic Stroke. Findings on the association of 

polymorphisms of interleukin 6 (IL6) suggest that having a high level of IL6 in a patient’s 



plasma could predict incident and progression of an ICH (Yamada 2006). It is important to note 

key differences between Devan et al.’s study is that all participants were of European descent 

and participants in Yamada et al. and Matsukawa et al were Japanese. The reason for that 

Japanese people have had research on ICH’s is because Japan has the highest cases of ICH 

compared to the United States.  

 
Genetic Factors for Transient Ischemic Attack 
 Research on genetic influences on TIA’s is limited especially as classification of what 

constitutes a TIA versus a stroke remains debated despite it clinically presenting the same way a 

stroke may. They are episodes of ischemic neurological deficit that lasts less than 24 hours, but 

many times the average TIA lasts 8-14 minutes (Norris and Hachinski 1991). Diagnosis is 

impacted by this misclassification when causes of TIA’s are similar to an ischemic stroke such as 

atrial fibrillation, carotid-artery disease and both large and small artery disease (Johnston 2002). 

A study in California conducted by Johnston et al. found that the 90-day risk of stroke after was 

10 %, but the short-term risk of stroke after a TIA is high. According to Flossman, family history 

of stroke and suffering from a TIA was not seen to predict an increase in incidence of stroke. 

They tested what they called family history of stroke denoted as FHxstroke and their findings 

showed a correlation with hypertension, but the same could not be said for an ischemic stroke the 

way it was found for TIA’s (Flossman 2006). Proper screening for TIA, although genetic factors 

have not been studied enough, could be a valuable way to screen for potential risk of stroke. 

However, since no substantial inclination exists between family history there is not support that 

TIA is influenced by a genetic predisposition other than having a role in risk factors. 

Genetic Factors in Ischemic Stroke 
Ischemic stroke accounts for at least 80% of all strokes and several single-gene disorders 

have been identified and while they are rare on an individual level, as a whole they provide some 



significant and specific clinical presentations and treatments (Meschia et al. 2011). Various 

genes with polymorphisms independently associated with stroke have been identified, but the 

most common hereditary stroke related syndrome is cerebral autosomal-dominant arteriopathy 

with subcortical infarcts and leukoencephalophathy (CADASIL) (Bell et al. 2012). Other 

hereditary diseases with a link to stroke include cerebral autosomal recessive arteriopathy with 

subcortical infarcts and leucoencephalopathy (CARASIL), Fabry’s disease, mitochondrial 

encephalopathy with lactic acidosis and stroke-like syndrome (MELAS), Marfan Syndrome, 

Moya-Moya disease, sickle-cell anemia, and retinal vasculopathy with cerebral leukodystrophy 

(RVCL), Homocystinuria, and Vascular Ehlers–Danlos syndrome (Francis et al. 2007, Meschia 

et al. 2011, Catto and Carter 2003). A summary of the different single-gene disorders can be 

viewed in Table 3. Each disorder can be read in further detail below to see how it has been show 

to contribute to the incidence of stroke or stroke-like symptoms.  

 

Table 3: Stroke Genetics: single-gene disorders  

Adapted from Francis et al 2007., Meschia et al 2011, Catto and Carter 2003, Dichgans 2003, 
and Debette and Germain 2014.  
  

Disorder Inheritance Protein Stroke Mechanism Age of 
Presentation 

CADASIL Autosomal 
dominant Notch3 receptor Small vessel disease 30-60 years 

CARASIL Autosomal 
recessive Notch3 receptor Small vessel disease 25-35 years 

RVCL/CRV 
/HERNS 

Autosomal 
dominant  TREX1 Small vessel disease  ~40 years 

Fabry disease X-linked 
recessive 

α-galactosidase 
A Large and small vessel disease  <40 years 

Sickle-cell anemia Autosomal 
recessive β-hemoglobin Large and small vessel disease, 

haemodynamic insufficiency childhood 

MELAS (maternal) Mitochondrial Transfer RNA Complex variable 

Marfan syndrome Autosomal 
dominant Fibrillin 1 Cardioembolism and arterial 

dissection  childhood 

Homocystinuria  Autosomal 
recessive  

Cystathione β-
synthase Large and small vessel disease  childhood 

Vascular Ehlers–
Danlos syndrome 

Autosomal 
dominant 

COL3A1 
 Arterial dissection childhood 



CADASIL 
Cerebral autosomal-dominant arteriopathy with subcortical infarcts and 

leukoencephalophathy (CADASIL) is caused by a mutation on the NOTCH3 gene, a 

gene that is involved in controlling cell development and plays a role in arterial 

development when it expressed on vascular tissues. Not enough is known on the 

pathologies behind gene mutations in the NOTCH3 gene (Francis et al. 2007). The 

mutation in the NOTCH gene leads to an unpaired cysteine residue (Meschia 2011). 

Incidence of the CADASIL is a phenotypic manifestation beginning with a migraine 

headache, then an ischemic stroke in the deep gray matter and subcortical white matter, 

cognitive decline, then dementia. Patients with the mutation of the NOTCH3 gene show 

symptoms such as migraines, stroke before the age of sixty, lacunar infarcts (occlusion of 

one of the arteries that supplies blood deep in the brain), and apathy (Meschia 2011).  

Potential treatment could be clearing aggregates of the NOTCH3 gene (Choi 2015).  

 
CARASIL 

A recessive manifestation of CADASIL was discovered in Japan in the 1976 and 

called Cerebral autosomal recessive arteriopathy with subcortical infarcts and 

leucoencephalopathy (CARASIL) (Choi 2015). Some stark differences were found 

between the two such as the age of onset, prevalence of stroke, presence of migraine, and 

white matter lesions on MRI (Francis et al 2007). The cause of CARASIL has been 

linked to a mutation in HtrA serine protease 1 gene (HTRA1) (Meschia 2011).  

Presentation of CARASIL begins at a young age, with alopecia occurring in one’s 

twenties and ending with dementia in later years. It was originally only seen in Asian 

populations (Meschia et al. 2011). Patients with CARASIL show low protease activity in 

protein products. This leads to the inability to repress signals from the transforming 



growth factor- β family (Choi 2015). The phenotypic manifestation of CARASIL is 

lacunar strokes, alopecia, and lower back pain, with alopecia being the most common 

presentation of this disease (Choi 2015). Unlike in CADASIL, CARASIL is not 

described as having a manifestation of migraines, but the MRI findings appear to be 

similar to CADASIL (Choi 2015).  

Table 4: Comparing CADASIL and CARASIL 
 

 
 

  

Francis et al. 2007.  
 
There is a considerable difference between the dominant and recessive form of this 

disorder noted phenotypically, the age of onset, and the likelihood of a stroke occurring. 

 
Moya-Moya Disease (MMD) 

Moya-moya is typically found in females in East Asian populations such as Japan, 

Korea, and China (Francis et al. 2007). This ethnicity related pattern leads to the belief 

that there is a genetic contributing factor (Francis et al. 2007, Guey et al. 2015). 

Phenotypic manifestation of MMD is thickening of the internal carotid vessel walls 

especially near the circle of Willis (Francis et al. 2007, Dichgans et al. 2003). 

Interestingly enough Moya-moya has two age groups of symptom onset, age five or 

younger and between the ages thirty and fifty (Francis et al. 2007). In children 

presentation is ischemic, whereas adults show transient or permanent infarction or 

Category CADASIL CARASIL 
Average age of 
presentation 

45 yr. 32 yr. 

Male to female ratio 2:1 3.2:1 
Prevalence of stroke ~100% ~66.7% 
Psychiatric features Severe mood 

disorders 
Euphoria, emotional 
liability 

Presence of migraine Yes No 
MRI: white matter 
lesions  

Punctuated and 
nodular 

Diffuse and homogenous  



hemorrhage (Guey et al. 2015). Syndromes of genetic Moya-moya have recently linked 

the disease to mutations in the BRCC3/MTCP1 and GUCY1A3 genes (Guey et al. 2015). 

Another mutation was found in alfa-actin (ACTA2) that causes proliferation of vascular 

smooth muscle cells that is outside the normal growth (Meschia 2011). The pattern of 

inheritance is believed to be autosomal dominant with incomplete penetrance (Francis et 

al. 2007). This indicates that some with the mutation will show symptoms of the disorder 

and some will not; this is seen in the BRCA1 and BRCA2 gene that can lead to cancer. 

Diagnosis is through magnetic resonance imaging (MRI) (Francis et al. 2007) and 

revascularization surgery (Guey et al. 2015). MRI and magnetic resonance angiography 

(MRA) have been used to diagnosis families since 70% of this disease is seen between 

siblings and 24% between parent and child (Dichgans et al. 2003). 

 
Fabry Disease 

Fabry disease is a homozygous or heterozygous, x-linked disease that has a 

mutation in the lysosomal enzyme α-galactosidase A (GLA) (Francis et al 2007, Meschia 

et al. 2011, Pintos et al. 2009). The deficiency in GLA results in the accumulation of 

glycolipids in lysosomes that lead to organ failure (Francis et al. 2007). The organs 

affected that cause the most complications are the kidneys, heart, and central nervous 

system (Pintos et al. 2009). Phenotype manifestation of Fabry disease includes premature 

stroke and hyper-intensities in white matter (Meschia et al. 2011) and neuropathic pain 

(Francis et al 2007). Characteristically, stroke occurs before the disease is diagnosed with 

one-half of males and one-third of females suffering from a stroke before it is diagnosed. 

Stroke is the leading cause of death for those with this disease. Presentation of this 

disease is through lysosomal accumulation that begins as early as in utero with symptoms 



presenting in childhood (Pintos et al. 2009). Fabry disease do not indicate a greater 

frequency in any particular group (Meschia et al. 2011), but 25% of patients who suffer 

from a stroke due to this disease does so before the age of forty (Francis et al. 2007). 

Current research is looking at the effectiveness of enzyme replacement therapy as a 

treatment for Fabry disease and in stroke prevention (Meschia 2011). The two current 

enzymes available are agalsidase alfa and agalsidase beta ((Pintos et al. 2009). However, 

the effects of treatment from GLA replacement are not yet understood (Meschia et al. 

2011).   

Sickle Cell Anemia  
Sickle cell is an autosomal recessive disease that produces at defective 

hemoglobin protein caused by a mutation where valine is substituted for glutamine 

(Francis et al. 2007). The sickle cell trait (SCT) is currently debated on whether or not it 

is a stroke risk factor particularly for black people in the United States, because the 

incidence of stroke is almost twice that of non-Hispanic whites (Caughey et al. 2014). 

Patients with sickle cell disease have a substantial increase in the risk of having a stroke, 

about a two hundred-fold to four hundred-fold increase (Meschia et al. 2011). Stroke due 

to sickle cell anemia is the most common in children with this disease due to anemia and 

occlusion of vessels (Francis et al. 2007) given the term “vaso-occlusive crises” 

(Goldstein et al. 2001). Stroke in adults, between the ages 20-45, suffer from 

hemorrhagic strokes (Meschia et al. 2011). Other complications seen in sickle cell disease 

are neurological complications such as TIA’s, cognitive decline, and seizers (Dichgans et 

al. 2003). It is believed that modifier genes and environmental factors play a role in one’s 

incidence of stroke, but this area is still a developing research area (Meschia et al. 2011). 

Patients with sickle cell anemia are diagnosed early typically thorough a hemoglobin 



electrophoresis and narrow vessels are screened for with transracial ultrasounds (Francis 

et al. 2007).  Therapies include transfusions, hydroxyurea, and bone marrow 

transplantation (Dichgans et al. 2003).  

 
MELAS 

Mitochondrial studies on stroke have fond a maternally-inherited mitochondrial 

disorder where the patient presents with metabolic strokes called lesions. This disorder is 

called mitochondrial encephalopathy, lactic acidosis and stroke-like symptoms 

(MELAS); it is rare (Meschia et al. 2011) and a progressive neurodenerative disorder 

(Francis et al 2007). Mitchondrial disease is emerging as an important cause of stroke in 

the young, before the age 40 (Dichgans et al. 2003). The lesions are commonly found in 

the occipital-parietal regions (Dichgans et al. 2003) and are called metabolic strokes, 

because there are accompanied by cellular energy failure (Meschia et al. 2011). This is 

due to the lesions taking place in the mitochondria. Little is currently know on this 

disease because it is thought to be a genome-wide disorder in the mitochondrial genome. 

Francis et al. explained how patients with this disorder have a phenotypic presentation of 

seizures, lactic acidosis, stroke-like episodes and migraines. Patients require vitamins and 

supplements in addition to counseling (Francis et al 2007).  

 
Marfan Syndrome (MFS) 

Marfan syndrome is a disorder that is caused by a mutation in fibrillin-1 (FBN1), 

a gene encoding protein (Dichgans et al. 2003, Francis et al. 2007). It is found on 

chromosome 15 and is autosomal dominant. Fibrillin 1 is a protein found in connective 

tissue (Francis et al. 2007); therefore, when there is a mutation in this protein there is a 

defect in the connections between fiber and muscles. This leads to inflammation and 



collapse vascular wall (Francis et al. 2007). Complications from this disorder include 

ischemic stroke, aortic dissection into cervical arteries (Debette and Germain 2014). 

Some patients do suffer from a hemorrhagic stroke. What makes this disorder 

complicated is that it is a private mutation on a large gene (Dichgans et al. 2003), thus 

diagnosis is difficult to carry out. Treatment suggestions are to avoid stressing physical 

activity or emotional output, check ups on aortic root diameter, and in some cases surgery 

(Dichgans et al. 2003) and β-blockers (Debette and Germain 2014). 

  
RVCL, CRV, HERNS 

Retinal vasulopathy with cerebral leukodystrophy (RVCL) is a disorder that 

manifests due to a mutation in the TREX1 gene leading to the lost of the TREX1 protein 

that is catalytic (Meschia et al. 2011). This disorder appears during adulthood and is 

grouped as a hereditary cerebral small vessel disease (SVD) (DiFrancesco et al. 2014). 

The mutation of the TREZ1 protein in these disorders causes the protein to lack the C-

terminus (Choi 2015). Mutation in TREX1 plays a role in DNA repair. It is associated 

with cereroretinal vasculopathy syndrome and hereditary endotheliopathy, retinopathy, 

nephropathy, and stroke (Meshica et al. 2011). The retinopathy associated with this 

disease presents in patients as a gradual loss of vision between the ages twenty to thirty 

(Choi 15). Other phenotypic manifestations are stroke-like episodes, seizures, and 

memory loss (Choi 2015, Meschia et al. 2011).  An MRI scan is used to diagnose. 

Typically lesions present as white matter hyperintensities (Choi 2015). It is believed that 

a clearer understanding of how RVCL causes systemic microangiopatheis due to a 

mutated exonuclease can lead to a model for studying the progress of stroke incidence in 

young adults (DiFrancesco et al. 2014). 



Homocystinuria 
This disease is an autosomal recessive disorder caused by a mutation in the 

cystathione β-synthase enzyme (CBS) (Francis et al. 2007). This causes a defect in 

methionine metabolism leading to skeletal defects, lens dislocation, and mental 

retardation (Ebrahim and Harwood 2001). Mental retardation is typically the symptom 

that leads to diagnosis and presents in childhood (Debette and Germain 2014). This 

disorder’s contribution to stroke and the understanding of stroke genetics was seen in a 

study where 32% of half of the patients with the CBS mutation suffered from a stroke 

(Francis et al. 2007). Other phenotypes are seizures (Debette and Germain 2014) and 

cerebral infarction. A link between high homocysteine concentration and stroke was seen 

in the British Regional Heart Study (Ebrahim and Harwood 2001). The most common 

influence this disease has on strokes is the defect it causes in tissue and vasculature of 

both small and large arteries and veins (Debette and Germain 2014).  

Vascular Ehlers–Danlos syndrome 
The final single-gene disorder that will be discussed is Ehlers-Danlos syndrome. 

There is both a vascular and non-vascular type of this disorder, but the vascular is the one 

that shows a link for a genetic predisposition for stroke. Vascular Ehlers-Danlos shows 

clinical presentations of arterial rupture and easy bruising of vasculature. (Parapia and 

Jackson 2008). The phenotype for this disease is connective tissue disorders such as skin 

hyperextensibility, joint hypermobility, and tissue fragility (Debette and Germain 2014) 

due to abnormal collagen synthesis (Parapia and Jackson 2008) and can be seen in 

physical characteristics such as in the face with thin or translucent skin that can be shown 

to bruise easily (Francis et al. 2007). It is autosomal dominant disorder caused by a 

mutation in the COL3A1 gene that codes for type III procollagen (Watanabe 2008). 



Molecular testing to identify the mutated COL3A1 gene is available (Parapia and Jackson 

2008), but no current treatments exist (Francis et al. 2007). 

  
 Polygenic Ischemic Disorders 

Although many single-gene disorders have and continue to be studied, a majority 

of stroke cases are not defined by a single one and have multiple factors that contributes 

to the incidence of stroke. This is why stroke is most likely polygenic (Francis et al. 

2007). The potential of a stroke gene(s) is difficult to identify for several reasons. One 

mentioned earlier is how many cases of stroke is later age of onset. Another is that stroke 

may locus heterogeneous, meaning that many different alleles can lead to stroke 

incidence (Markus and Hassan 2003). Also, because stroke is a heterogeneous disorder, 

different types of strokes have different genetic influences making the underlying 

mechanism of disease incidence harder to identify. Some genetic variants that have been 

linked to stroke are elevated fibrinogen levels, by accelerating atherosclerosis; the 

angiotensin converting enzyme (ACE), by vascular tone; and impeded endothelial 

function due to decreased levels of nitric oxide causing lack of maintenance of vessel 

walls.  

 
Genome-Wide Studies  

Genome-wide association studies (GWAS) are the new method to study the potential for 

a genetic predisposition for a particular disease or trait across an entire human genome especially 

for diseases that are complex (Choi 2015). The exciting potential of GWAS is that large sample 

sizes for complex genes can be acquired. This technique can look at multiple genetic variants 

throughout the genome to identify multiple risk alleles; however, it is expensive and complex 

(Huang et al. 2015). With candidate gene studies resulting in varied results, an emerging focus in 



stroke genetics is using Single-Nucleotide Polymorphisms (SNPs) to determine genome-wide 

association with incidence of stroke (Meschia 2011). This is made possible by incorporating the 

overlapping risk factors of atrial fibrillation, coronary artery disease, myocardial infarction, and 

other vascular diseases with stroke to locate and narrow down significant SNPs. The potential 

issues with GWAS is that with this approach individuals are not related and large population 

sizes are needed in order to make a sound comparison that is able to detect the rare risk alleles 

associated with stroke (Huang et al. 2015). This was the case in the first GWAS study on strokes 

in 2007 that did not find a genetic locus associated with stroke at a substantial level. They have 

also failed to replicate this study (Ibrahim-Verbaas et al 2014).  

 Another developing approach is Next Generation Sequencing (NGS). With this approach 

the entire exome, portion that codes for a protein, or entire genome can be determined in single 

experiment. This is possible through the NGS technique of directly sequencing DNA, but like 

GWAS is burden with monetary and time costs, but unlike GWAS not as many individuals are 

needed (Huang et al 2015).  

 A final discussion on comprehensive studies on stroke risk is the CHARGE risk score 

project that utilized the concept and development of a genetic risk score (GRS). A GRS is based 

on single-nucleotide polymorphisms associated with stroke and stroke risk factors (Ibrahim-

Verbaas et al. 2014). The CHARGE project incorporated genetic information into generating risk 

scores in order to predict one’s likelihood of stroke in the future. SNPs were also utilized for this 

study and selected based on association with risk factors to be included in a risk score. The first 

study that applied NGS technology to lacunar strokes, but lacked the funds to detect rare variants 

(Bersardo et al. 2015). Models still need to be improved, but has potential to profile not just on 

clinical risk, but genetic risk also.  



Global Studies on Stroke: A Comparative Look at the Incidence of Stroke 
According to Johnston et al., through a systematic review of studies of disease 

surveillance and monitoring of vital statistics, the researchers were able to show how the rate of 

mortality due to stroke varied across countries, but were more prevalent in low-income countries. 

Most research and focus of that research is predominantly in higher-income countries (Johnston 

et al. 2009). This may be due to infectious diseases having more priority in lower-income 

countries. As a world-wide sample size is in its beginning stages through the International Stroke 

Genetics Consortium, an emphasis is being placed on Asian cultures to participate since there is 

a high incidence of stroke in these countries (Choi 2015), posing a potential for more valuable 

data on stroke genetics. Other countries and regions with a higher incidence of stroke include: 

Eastern Europe, Central Africa, and the South Pacific (Johnston et al.) In the United States there 

is a higher incidence of stoke in black and Hispanic Americans including higher mortality from a 

stroke (Goldstein et al. 2001). When looking a access to health care and quality of care Ebrahim 

and Hardwood pose a the question, “Are arrangements in place to help the increasing number of 

people for whom English is not their first language, or provision of preventive services amongst 

socio-economically disadvantaged groups amongst whom there is an excess of stroke deaths?” 

Understanding the environmental and genetic factors that contribute to the greater chance of a 

stroke occurring, there is a clear indication that those with access to quality healthcare may not 

be the ones at the greatest risk. Income, Johnston et al. posits, could be seen as a risk factor 

especially since access to care could be the reason why stroke burden and mortality rate is higher 

in those countries.  

 
Discussion 

As stroke genetics continues to develop, it may become possible to understand a patients 

family history and genetic predisposition for either single gene mutations or what may come 



from genomic studies, in order to access their risk at a young age and apply preventive measures 

(Brass et al. 1992). It is important to understand that although genetics is classified as an non-

modifiable risk, many of the genetic factors discusses affect risks that are modifiable such as 

hypertension as is the case when preventive measures are taken for cardiovascular disease (Brass 

et al. 1992). Although, the knowledge of the overall influence of genes on stroke risk is still 

developing, many important risk factors of stroke such as hypertension, diabetes, and coronary 

heart disease have genetic predispositions. It is important to also take into account how genetics 

can contribute indirectly to the presentation of a stroke (Bak 2002). Detection for those with a 

high risk for stroke can help combat the disease by identifying risk factors and employing proper 

preventative measures (Kiely et al 1993). 

 Modifying lifestyle to reduce prevalence of risk factors reduces the probability of stroke 

(Wolf et al. 1991) and if one is thought to be a greater risk of stroke due to genetic 

predispositions, the application of that lifestyle is harder to ignore. For instance, a pair of 

monozygotic twins with a mutation typically seen in CADASIL, present differences in incidence 

of stroke due to lifestyle with the twin that smoked and did not exercise regularly suffering from 

a stroke fourteen years earlier than the twin who did not smoke and exercised (Meschia 2011). 

Despite the complexity of how genetics influences stroke incidence, research is focused on 

monogenic stroke in order to categorize the different influences genetics has on stroke. Due to 

the variety of stroke subtypes, it is becoming clear that genetic risk factors must also differ 

depending on the subtype (Haung et al 2015). Francis et al. posits that due to the complexity of 

stroke heterogeneity, research must be targeted towards individual subtypes (2007). 

Understanding the influence of stroke due to genetics in a more complete way can lead to 

developments of treatment plans when preventative measures are not enough (Francis et al. 



2007). Timely diagnosis is critical in stroke cases especially for the single gene disorders 

discussed above that present at a young age (Choi 2015). Progress in a multiple region sample 

size has begun through the International Stroke Genetics Consortium (Choi 2015). In order to 

fully understand one’s risk of stroke there must be a complete understanding on how different 

polymorphisms can influence gene-gene interactions and gene-environment interactions.  
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