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ABSTRACT

Previo us studies have revealed inconsistent results in exami ning the assoc iation of

MTHFR c.677C >T, c.1298A>C variants and 9p2 1 locus with ischemic stroke. This thesis
includ es two case control studies by enrolling 1,429 ischemic stroke patients and 1,197
control indi viduals from the Chinese Han population. One study validates the assoc iation
between the candidate 9p2 1 locus and ischemi c stroke both at the SNP and Haplotype
levels by genotyping four common variants encompassing a 44kb candidate risk region
on 9p2 1. Moreover, the haplotype analysis reduces the candidate risk region on 9p2 1
locus to 28 kb. The other study indicates that the MTHFR locus is assoc iated with
ischemi c stroke in the Chinese Han population. The MTHFR c. 677C>T variant is a risk
factor, and its ef fect could be modi fied by genetic or environmental factors which vary
among differe nt ethnic populations. The MTHFR c. 1298A>C variant is more likely to
play the role of a genetic marker than a causative variant in assoc iation with ischem ic
stroke. Combined analysis suggests the 9p21 locus and lvrrHFR risk alleles co nfer an
additive co-effec t for increased risk in ischemic stroke.
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Chapter 1
Stroke Introduction

1.1 Stroke Definition and Clinical Features
Stroke, acco rding to the World Health Organization (W HO), is rapidl y developed focal or
global neurologica l deficits, persisting more than 24 hours or interrupted by interventi on
or death within 24 hours, with a presumed vascular cause (WHO 1990). The clini cal
symptoms of stroke vary depend ing on lesion size and location in the brain . The comm on
symptoms include hemipl egia, hemianesthesia, aphasia, vision field defects, dysarth ria,
headache, conscious impairments, dysphonia and spatial neglects (Adams and Victoria
Principles of Neurol ogy, s" edition, 2005).

Adva nces in neuroim aging technique s have helped in facilitating the diagnosis of stroke.
X-ra y computed tomograph y (CT) scans can differentiate hemorrhagic from ischemic
stroke immediately afte r onset. Magnetic resonance imaging (MRI) perfu sion weighted
imag ing (PWI) and diffusion weighted imaging (OWl) mismatch scans can identi fy the
penum bra area where the affected brain tissue can be treated by thromb olysis in case s of
early ischemic stroke. MRI scans can identify the lesion location and size in the brain.
Magnetic resonance angiog raphy (MRA) scans or computed tomography angiogra phy
(CTA) scans can reveal the morphological changes in cerebral vasculature (Warac h et al.
1995; Baird et al. 1998; Peter et al. 2003).

1.2 Stroke Subtypes
Based on current neuroim aging examinations, the etiology of stroke is categor ized into
four subtypes: ischemic, intracranial hemorrhagic, subarachnoid hemorrhagic and

undetermined . Ischemic stroke results from the occlusion of cerebral arteries by thrombi
or emboli generated in the cardiovascular system, mainly due to atherosclerosis and atrial
fibrillation. Intracranial hemorrhage refers to situations in which blood leaks from
cerebral arteries into brain tissue. Subarachnoid hemorrhage is caused by rupture of an
aneurysm in the primary branches from the circle of Willis, and blood bursts into the
subarachnoid space. The undetermined type of stroke occurs when a neuroimaging
examination is unavailable (Adams and Victoria Principle of Neurology,

s"

edition,

2005).

The frequencies of stroke subtypes have been investigated worldwide. Ischemic stroke is
the leading subtype according to most studies. Feigin et al. (2003) pooled ten populationbased studies across European, Australian and Caribbean areas. Ischemic stroke was the
most frequent in these studies, whieh constituted 67.3% - 80.5% of all stroke events.
Intracranial hemorrhage, subarachnoid hemorrhage and unknown types accounted for
6.5% - 19.6%, 0.8% - 7.0%, and 2.0% - 14.5%, respectively. A similar frequency was
also observed in the Chinese population. A large comprehensive study was conducted by
the China Multicenter Collaborative Study of Cardiovascular Epidemiology (Zhang et al.
2003). A total of 16,031 first-time stroke patients

( ~25

years old) were registered in 17

communities from 1991 to 2000. A comparison of the frequency distribution of stroke
subtypes in 1991 and 2000 are shown in Figure 1.1. The ischemic stroke rate increased
from the second (30.2%) in 1991 to the most common subtype (6 1.9%) in 2000.
Intracranial hemorrhage accounted for 28.5% of cases in 2000, which was much higher

than 16.8%, as recorded in 1991. The reason for this difference lies in the
implementation of neuroimaging techniques during the study period. In 2000, 9 1.4% of
patients received CT scans, compared to that of 49.4% in 1991.

IS

ICH

SAH

UND

Figure 1.1 Comparison of the frequency of four subtypes of stroke in China durin g 1991
and 2000 (Adapted from Zhang et al. 2003) (IS: ischemic stroke, ICH : intracranial
hemorrhage, SAH: subarachnoid hemorrhage; UNO: undeterm ined)

1.3 Stroke Epidemiology

Prevalence: 9.0 million individuals are estimate d to suffer from stroke wor ldwide eac h
year , whi le approx imately 1.5 to 2.0 million patients reside in China (Liu et al. 2007;
Meretoja 20 11). Stroke occurs in individuals from all age groups, with an increasing trend
after 30 years old. About 95% of stroke events affect individuals older than 45 yea rs old,
and two thirds occur in individuals over 65 years old (Senelick et al. 1994). In China, the
mean onset for stroke is 63.9±8.4 years old for males and 64.9±7.0 years old for femal es
(Zhao et al. 2008).

Incidence: The incidence of stroke showed an increasing trend in the past three decades in
China. Zhao et al. (2008) observed 14,585 consecutive acute stroke eve nts in Beijing
from 1984 to 2004, confined to patients aged 25 through 74 years old. The annual
incidence increased by 6.7% and 8.7% for total and ischemic stroke eve nts, respectively.
The increasing incidence was assoc iated with rapid development du ring the three
deca des, which has led to a grow ing number of senior individuals with prolonged life
expectancy. Also, a shift to a westernized lifestyle in Chinese socie ty, especially in cities,
may contribute to increased atherosc lerotic risk factors. This study also recorded the
increas ing intake of fat and cholesterol durin g the study period. Fat intake increa sed from
88.1 g1dto 97.4 g/d, while cholesterol intake increased from 334.5 g1d to 488.4 g/d from
1983 to 2002. The prevalence of type 2 diabetes mellitus and obesity also increased by
97% and 85% in rural areas, respectively (Liu et al. 2007; Zhao et al. 2008).

Mortality: Stroke is the second most common cause of adult death worldwide . Strokerelated deaths showed an upward trend durin g the two decades, increasing from 4.4
milli on in 1990 to 5.7 milli on in 2004, which approximately constituted 9.7% of total
deaths worldwide (Murray et al. 1997; Bonita et al. 2004; Geneva : World Health
Organization. 2000, 2004; Donnan et al. 2008; Mathers et al. 2009). The World Health
Organiza tion (2000) estimates that stroke and coronary artery disease will rank as the top
cause for lost health y life-years by the year 2020. According to a report from the World
Health Organization, 85% of stroke-related deaths occur in low and middl e-income
countries (Mathers et al. 2009). Vascular disease, includin g myocardial infarction and
stroke, is the predominant cause for adult death in China. The stroke mortali ty rate varied
from 116.63 per 100,000 per year for urban areas to 111.74 per 100,000 per year in
suburban areas in China. It constitutes 40% of all stroke-related deaths in developing
countries (Reddy et al. 1998; Wu et al. 200 I; Zhao et al. 2008).

Impact on health care: Stroke remains a substantial financial challenge for public health
care services . Stroke is the main cause of long-term disabil ity worldwid e, and 50% - 75%
of survivo rs live with stroke-related disabilitie s (Foulkes et al. 1988 ; Geddes et al. 1996;
Bonita et al. 1997; O' Mahony et al. 1999). Garo et al. (2000) performed a meta- anal ysis,
enro lling 1,446 ischemic stroke patients from 13 developed countries in the 1990s. This
study showed that the mean total cost of healthcare was US$ 14,000 per individual in the
first three month s after a stroke, and the estimated lifelong cost per survivo r ranged from

US$59, 800 to US$23 0,000 in developed countri es. A total of US$65. 5 billion is estimated
to cover the total stroke-related costs in the United States for the year 2008 (Rosa mond et
al. 200 8). The European Heart Netwo rk (2008) reported that a total of E27 billion was
devote d to stroke-related fields in 27 European co untries each year.

Geog raphical variation of stroke in China: One interesting phenom enon is the
geogra phical variation of stroke incidence in China. The SINO -MONICA project
registered stroke events in individuals aged between 25 to 64 years old in 16 provinc es in
China from 1987 to 1993. The highest incidence was reported in the northern province of
Heilongjiang (33 7.7 and 553.3 per 100,000 per year for male and femal e, respecti vely),
while the lowest was in southern provinces such as Anhui (33.0 per 100,000 per year for
male) and Fujian (29.7 per 100,000 per year for female) (Wu et al. 200 1). Other
epidemiology studies also documented the north - south gradient (Li et al. 1985; Wang et
al. 1985; Chen et al. 1993; Cheng et at. 1995).

The reason for the geogra phical diff erentiation remains unknown, but genetic factors
might play a role. The analysis of genetic markers on the Y chromoso me and
mitochondrial DNAs revea l that the Chinese Han population can be differenti ated into
north ern Han and southern Han, geographically separated by the Yangtze River (Du et al.
1997; Wen et al. 2004 ). Recent genome-wide studies subdivided the Chinese Han into
north ern, central and southern Han subgroups (Xu et at. 2009; Chen et at. 2009). The
Chinese Han popul ation occupied Northern China area approximately 4,700 yea rs ago,

the area from which the Han language and culture originated. Three massive migrat ions
from Northern to Southern China occurred duri ng the western Jin Dynasty (AD 265-3 16),
the Tang Dynasty (AD 618-907) and the Southern Song Dynasty (AD 1127-1279 ),
respectively (Wen et al. 2004). The Han culture expanded into southern China, and
merged with southern natives (Fei et al. 1999, Ge et al. 1997). The southern Chinese Han
popul ation subsequently developed (Wen et al. 2004). The genetic differenti ation of the
Chinese Han popul ation will be further described in Chapter 2.

1.4 Cascade of Ischemic Stroke

The ava ilability of glucose and oxyge n is crucia l for maintainin g normal neurol ogical
function. In ischemic stroke, the occlusion of ce rebral arteries leads to a loss of blood
supply. The depletion of glucose and oxyge n causes functional and metabolic impairm ent
in the affec ted tissue. In cases where oxyge nated blood is entirely absent, the neurons will
undergo necrosis within eight minute s; however, in most ischemic strokes, collateral
vesse ls will complementarily supply blood to the lesion tissue, and the neuron cells in
marginal lesion locations can survive for up to five or six hours before irreversibl e
damage occurs (Adams and Victori a Neurology 8th).

Animal experiments (gerbil and rat penumbra models) indicate that the norm al and
critical cerebral blood flow for brain metabolism and function are 0.55 L/g/min and 0.23
L/g/min, respecti vely (I-Iossmann et al. 1994). Once cerebral blood flow falls below 0.23
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L/g/min in the ischemic area, a cascade of multipl e functional and metabolic changes will
occ ur at the molecular and cellular levels. These include ATP depletion, eft1ux of
potassium, influx of sodium and calcium, release of glutamate, accumulation of free fatty
acids, prostaglandin s, leukotrienes and free radica ls, degeneration of proteins and
membr ane disrupti on. All these changes finally trigger cell edema, necro sis and apoptos is
after several hours if effec tive intervention is not provided (Dimag l et al. 1999). When
cere bral blood flow is reduc ed below 0.12 L/glmin, the histological infarction lesion can
be identified (Hossmann et al. 1994).

1.5 Risk factors for Ischemic Stroke

Accor ding to the primary prevention guidelines established by the American Heart
Association!American Stroke Assoc iation Stroke Council (Go ldsteine et al. 2006) , risk
factors for ischem ic stroke can be divided into modifiable and non-m odifiable categories .
Modifiable risk factors can be controlled by a health y life style or medication, while nonmodifia ble risk factors includ e age, sex, genetic predisposition and ethnicity. Currently,
known risk factors acco unt for only 60% of stroke, and the etiology of the remainin g 40%
of cases remains undetermin ed (Whisnat et al. 1997; Donnan et al. 2008).

1.5.1 Modifiable Risk Factors

Hypertension

II

Hypertension, defined as systolic blood pressure (SBP)

140 mmHg or diastolic BP ~

90 mmHg, is an independent risk factor for stroke (Rosamond et al. 2007) . The number
of adults with hypertension was approximately 972 million worldwide in 2000, and is
estimated to reach 1.56 billion by the year 2025 (Kearney et al. 2005). Persistent
hypertension can lead to vascular endothelial damage , oxidative stress, altered vascular
tone and permeability, and the degeneration of vascular smooth muscle cells, all of which
contribute to stroke by aggravating atherosclerosis (Johansson et al. 1999). The severity
of hypertension is directly correlated with stroke risk (Lewington et al. 2002) . One
epidemiology survey estimated that 18.8% of adult Chinese (160 million individuals) are
hypertensive (Wang et al. 2005 ; Fang et al. 2006). A prospective observational survey
followed up on 5,092 male Chinese steelworkers for an average of 13.5 years. About 31%
of these participants were hypertensive, and a total of 87 (1.7%) individuals developed
ischemic stroke . Logistic regression analysis revealed that, for every ten mmHg rise in
systolic or diastolic blood pressure , there was an associated 1.4- or 1.8-fold higher risk for
stroke, respectively (Zhang et al. 2004) .

Diabetes mellitus

Diabetes mellitus refers to systematic metabolic syndromes characterized by persistently
increased plasma glucose levels due to a lack of insulin secretion or increased resistance
to insulin . According to the WHO (2006), a diagnosis of diabetes mellitus is made if any
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of the following four situations is met: I) fasting plasma glucose 2: 7.0 mmol/L; 2) plasma
glucose 2: 11.1 mmol/L two hours after a 75g oral glucose load; 3) symptoms of
hyperglycemia and casual plasma glucose level 2:11.1 mmol/L ; and 4) glycog lated
hemoglobin 2:6.5%. A meta-analysis including 39 countries estimated that 171 milli on
individ uals have been diagnosed with diabetes mellitus worldwide. This numb er is
ex pected to rise to 366 million by the year 2030 (Wi ld et ai. 2004).

Diabetes mellitus is an independent risk factor for first-ever stroke and acco unts for 9.1%
of recurrent stroke (Stamler et ai. 1993; Burchfiel et ai. 1994; Petty et ai. 1998). Chronic
diabetes mellitus facilitates atheroscleros is by inducing endothelial dysfunction,
inhibi ting nitric oxide production and enhancing the proliferation of vascular smooth
muscle cells (Brown lee et ai. 200 I). About 15% to 33% of stroke patients have diabetes
mellitus (Hier et ai. 1991; Woo et ai. 1999; Hillen et al. 2003; Megherbi et al. 2003 ;
Karapanayiot ides et al. 2004). A meta-analysis of seven studies identifi ed that diabetes
mellitus conferred a 1.7-fold higher risk for ischemic stroke in patients with atria l
fibrillation (95%C I: 1.4 - 2.0). The annual stroke incidence varied from 2.0% to 3.5% in
indiv iduals with diabetes mellitus and atria l fibrillation (Stroke Risk in Atria l Fibrillation
Working Group, 2007). Diabetes mellitu s is also associa ted with increase d stroke
mortality and morbidity. Jia et al. (20 11) registered 14,526 hospitalized patients with
acute ischemic stroke and followed up on them for six months in China. They found that
27.0% of stroke patients had diabetes mellitus. A multi variate logistic regression analysis
illustrated that the prevalence of diabetes mellitus independently predicted higher risk for
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death or living depend ency after stroke onset in the Chinese popul ation (OR: 1.23; 95%
CI: 1.10 to 1.37).

Atrial Fibrillation

Atrial fibrillation denotes cardiac arrhythmia with chaotic electrica l signals generated
from the atria. Atrial fibrillation, which can enhance emboli formation via abnormal
hemostasis, endothelial dysfunction and increased platelet activation, acco unts for
approxi mately 20% of ischemic stroke (Save lieva et al. 2007 ; Atrial Fibrillation
Investigators 1999). A cross-sectional study of 1.89 milli on adults in California screened
17,974 adults age

~

20 years old with atrial fibrillation. It estimated that 2.3 milli on adults

have atrial fibrillation in the US, and 60,000 of these patients develop ischemi c stroke
annually (Go et al. 200 1) The Framingham study followed up on 5,070 individu als for
vasc ular events for 34 years. A total of 572 stroke events were recorded. Compared to
individuals without atrial fibrillation, individuals with this condition possessed a 2.6- 4.5
fold higher risk for stroke after adj ustment for other cardiovas cular risk factors, such as
coro nary heart disease, heart failure and hypertension (P<O.OO I)(Wolf et al. 1991).

Dyslipidemia

Dyslipidem ia denotes derangement in lipid components, such as elevated total cholesterol
and triglycerides, and imbalance in lipoproteins, i.e., increased low-density lipoprot ein
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cholestero l (LDL-C)

or reduced

high-density lipoprotein

cholesterol (HDL-C) .

Dyslipidemia triggers the atherosclero tic processes by inducing release of inflamm atory
factors, proliferation of smoo th muscle cells, and dysfunction of endothelium and plaqu e
formation (Ga u et at. 2006). Elevated total cholesterol, LDL-C, and triglycerides have
been reported to be assoc iated with increased risk for ischemic stroke, especially for the
large artery atherosclerotic stroke subtype (Iso et at. 1989; Leppala et at. 1999; Ebrahim
et at. 2006; Bansal et at. 2007; Freiberg et at. 2008; Bang et at. 2008). The associations of
fat and cholesterol intake with ischemic stroke were assesse d in the Chinese I-Ian
popul ation . Zhao et at. (2008) reported that ischemic stroke eve nts increased by 8.7%
annually in the Beijin g area from 1984 to 2004. Dyslipid emia was suggested to contribut e
to this upward trend . During the study period, fat intake increased from 88. 1 g/d in 1983
to 97.4 g/d in 2002, and cholesterol intake from 334.5 g/d in 1983 to 488.4 g/d in 2002.
Studies in other populations also confi rmed this assoc iation. Koren-M orag et at. (2002)
followed up on 11,177 patients in Israel with coro nary artery disease for eight years. A
total of 487 individuals developed ischemic stroke or transient ischemic attac ks (T IA).
Logistic regression analysis showed that reduced HDL cholesterol (OR: 0.89, 95%C I:
0.8 1 - 0.98), elevated total cholesterol level (OR: 1.12, 95%C I: 1.03 - 1.23) and LDL
cholestero l (OR: 1.14, 95%C I: 1.00 - 1.26) were assoc iated with ischemic stroke or
transient ischemi c attacks (Koren-Morag et at. 2002).

Asymptomatic Caro tid Stenosis
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Asymptomatic carotid stenosis (ACS) is the presence of atherosclerotic plaqu e with out
clinical manife stations . Emboli can break off from the plaque and block cerebral blood.
Stroke develops in such cases when persistent ischemi a occurs in the affec ted region. In a
prospective observational study, Norris et al. (199 1) followed 696 patients with
asymptomatic carotid stenosis. Annu al stroke rates were 1.3% and 3.3% for patient s with
carotid occl usion < 75% and 2: 75%, respectively. A cohort study in Toronto followed
106 patients diagnosed with asymptomatic carotid stenosis for ten years. Forty-eig ht
patients showed moderat e carotid stenosis <50%, while 58 patients showed severe
stenos is (2:50%) . The ten-year risk of stroke was 5.7% in patients with moderate stenosis,
and 9.3% in patients with severe stenosis (Nadareishvili et al. 2002).

Hyperhomocysteinemia

Hom ocysteine is an intermedi ate produ ct formed in meth ionine metabolism. Methi onin e
fi rst fo rms S-adenosy lmethionine (SA M) by receiving adenosine from adenosine
triphosphate (ATP), then SAM demethylates to S-adenosy lhomocys teine (SAH) , which
donates adenosine to generate homocysteine. Homocystiene has two destinies in humans:
a) reversi ble rerneth ylation to methione via folate and vitamin 81 2, or b) irreversible
transsul furation to cystathionine by Vitamin 8 6 (Selhub et al. 1999 ). The normal plasma
homocysteine concentration in humans is < 15 umol/L. (Handy and Loscalzo 2003).
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The contribution of hyperhomocysteinemia to vascular disease was first proposed by
McCully in 1969, who reported a death from homocystinemia, cystathioninemia and
methylmalonic acidemia due to a defect in cobalamin metabolism (McC ully 1969).
Arteriosclerosis was found at autopsy, which suggested that elevated homocysteine could
induce vasc ular endothelium damage. Elevated plasma homocysteine levels can induce
vasc ular damage through the following pathways: 1) facilitation of the atherosc lerostic
process by increasing vasc ular inflamm atory mediator s ( Hofmann et al. 200 I ; Zhou et al.
2001 ); 2) impaired endothelial vasomotor function (E berhardt et al. 2000; Lentz et al.
2000; Dayal et al. 200 1) ; 3) reduced bioavailability of nitric ox ide (NO) by inducing
vascu lar oxidative stress and elevating plasma asymmetric dimethylarginine (ADMA)
levels (Va llance et al. 200 1; Weiss et al. 200 1; Weiss et al. 2002; Ungva ri et al. 2003 ;
Boger et al. 2003) ; and 4) dysregulation of lipid metabolism, inflammation and apoptos is
by inducing protein modi fication and endoplasmic reticulum stress (Lentz et al. 1991;
Lentz et al. 1993; Jakub owski et al. 2000; Austin et al. 2004 ).

Mild to moderate hyperhomocysteinemia (Hey

=

15 - 100 umol /L) has been recognized

as an independent risk factor for vascular disease, includ ing ischemic stroke (Gra ham et
al. 1997; Welch et al. 1998; Rozen et al. 2000; Bersano et al. 2008). The Framinghan
study measured the total plasma homocysteine levels of 1,947 US participant s (mean age
±S D: 70±7 years) and followed up for 9.9 years. One hundred atherothrombotic stroke
eve nts occ urred. Logistic regression analysis documented the association between
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hyperhomocysteinemia (greater than 14.2 umol/L) and antherothrombotic stroke (O R:
1.90, 95%C I: 1.02 - 3.5 1, P< 0.00 1) afte r adjustment for conventional vascular risk
factors (Bostom et al. 2003) . Other studies also confirmed the contribution of
hyperhomocys teinemia to ischemic stroke. Eikerlboom et al. (2000) compared the plasma
homocysteine level between 2 19 first-ever ischemic stroke patients and 205 age and
gender matched health y individuals. The mean plasma homocysteine levels were 14.1
umol/L in patient s with large-artery ischemi c stroke and 12.7 umol/L for those with
sma ll-artery ischemic stroke, both of which were significantly higher than that found in
the control group (10.5 umol/L). Logistic regression analysis revealed that the upper
quartile of the plasma homo cysteine level (greater than 13.8l!mol/L) was asso ciated with
increased risk for ischem ic stroke (OR: 2.2, 95%CI: 1.1 to 4.2) compared to the lowest
quartile gro up (homocysteine level less than 9.0 umol/L) after adj ustment for
conve ntional vasc ular risk factors. The associa tion of homocysteine levels with the large
artery subtype of ischemic stroke exhibited a dose-dependent pattern. Compared with the
lowest quartile of homocysteine (less than 9.0 umol/L), the ORs for large artery stroke
risk of the other three quartile groups were 3.0 (95%C I: 0.8 to 10.8), 5.6 (95%C I: 1.6 to
20) and 8.7 (95%C I: 2.4 to 32), correspondin g to the second quartile (9.0 umol/L to 11.2
umol /L), the third quartile (1 1.3 umol/L to 13.8 umol/L) and the fourth quartil e (beyo nd
13.8 umol /L), respectively. A similar trend was observed in the Chinese Han popul ation.
Li et al. (2003) measured the plasma homocysteine level in 807 cerebral thromb osis
patients, 5 13 sma ll artery stroke cases and 1,832 age and sex- matched controls. The
median total plasma homocysteine levels were 14.7 umol/L in atherothrombotic stroke
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and 14.8 um ol/L in sma ll artery stro ke, respectively. Both of these were sig nificantly
higher than the median value of 12.8 um ol/L found in the co ntrols. Log istic regression
ana lysis indicated that the elevated homocysteine level was independ entl y assoc iated with
athero thro mbot ic stroke (OR: 1.72, 95%C I: 1.39 to 2.12, P<O.OOI) and sma ll artery
disease after adjusting for co nventional vasc ular risk factors (OR: 1.89, 95%C I: 1.50 to
2.40, P<O.OOI) (Li et at. 2003).

Life style: cigarette smoking, nutriti on, obe sity and physical inactivit y

Unhea lthy modem life styles, including smo king, poor diet, obesity and physical
inactivity, can imp air the ca rdiovasc ular system and increase stroke risk.

Smoki ng, includ ing ex posu re to a smo king enviro nme nt and active cigarette smo king, has
bee n recognized as a significa nt risk factor for ischemi c stroke (Wo lf et at. 1988 ; Mast et
at. 1998; Bon ita et at. 1999; Heuschm ann et at. 200 7). Cigare tte smo king can enhance
vasc ular inflammation, thromb osis and ox idation of LDL cho lestero l (Ambrose and
Baru a 2004). In a large, popul ation-based co hort study, Mannam i et at. (2004) observe d
19,782 male s and 2 1,500 fem ales aged from 40 to 59 years old, all of wh om had no
history of vascular disease. Their smo king status and inciden ce of stroke were recorded
from 1990 to 2001. A total of3 27 and 176 ischemic stroke events occurred in male and
female indi vidual s, respectivel y. Compared to stroke patient s without a history o f
smo king, logistic regression analysis revealed that current smo kers showe d a 1.66- fold
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(95%CI: 1.25 to 2.20) higher risk for ischemic stroke independ ent of conventional risk
factors. A similar trend was observed in other studies . Another prospective study enrolled
118,539 US female participants aged from 30 to 55 years old and without a history of
vasc ular disease, and were followed up on for eight years. A total of 122 thromb oemb olic
stroke events were recorded. Data analysis indicated that current smokers co nsuming
more than 15 cigarettes per day conferred a 2.7-fold higher risk for ischemic stroke
compared to non-smokers (Co lditz et al. 1988).

Excess intake of sodium can induce water retention in the cardiovascular system which
increases the risk for hypertension (He and MacGregor 2004 ). Recomm end ed intake for
sodium and potassium are :52.3 g/d and ;:::4.7 g/d, respectively (Go ldstein et al. 2006). A
19-year cohort study, including 2, 688 overwe ight individuals aged 25 to 74 yea rs old,
revea led that a daily intake of extra 100 mmol predicted a 1.32- fold higher risk for stroke
(95%CI : 1.07 - 1.64, P < 0.0 1) (He et al. 1999). Another populat ion-b ased study
enro lling 43,783 middle-aged US male individuals reported a positive association
betwee n potassium supplements and a reduced risk for stroke afte r eight years follow- up
(RR: 0.36, 95%C I: 0.18 - 0.72) (Ascherio et al. 1998).

Obesity, defined as body mass index (8 MI) >30 kg/rrr' , contributes to ischemi c stroke by
inducing endothelial dama ge and the proliferation of inflammato ry factor s in vessel s
(Poirier et al. 2006; Strazzullo et al. 20 10). Kurth et al. (2002) enrolled 2 1,4 14 US male
physicians free of cardiovasc ular disease in 1982. A total of 63 1 (5.5%) ischemic stroke
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events were recorded in the subsequent 12.5 years. Compared to those with normal
weig ht (8 MI <23), obese individuals with a 8MI > 30 showed a 1.95-fold higher risk
(95%C I: 1.39 to 2.73, P < 0.00 I) for ischemic stroke. In addition to males, obesity also
co nfers a risk for ischemic stroke in females. A prospective cohort study enrolled 116,7 59
US female nurses aged 30 to 55 years old, who were free of cardiovas cular diseases, and
followed up for 16 years. Com pared to normal weighted participants (8 MI< 27 kg/rrr'),
the relative risk ratios for ischemic stroke in overwe ight individual s were 1.75 (95%C I:
1.17 - 2.59), 1.90 (95%C I: 1.28 - 2.82) and 2.37 (95%C I: 1.60 - 3.50) for individual s
with 27 kg/rn'' S; 8MI

2

S; 28.9kg/m ,

29kg/m2 S; 8MI

2

S; 31.9kg/m ,

and 8MI ~ 32kg/m 2,

respecti vely (P < 0.00 I) (Rexrode et al. 1997).

Physical inactivity contributes to ischemic stroke by affecting vascular risk factors (Lee et
al. 2003). In a large population-based cohort, 39,3 15 US healthy individuals ove r 45 yea rs
old were recru ited. During 11.9 years follow-up, 473 ischemic stroke eve nts occ urred.
Compare d to individuals with little physical activity «200 kcal/week), parti cipants with
moderate (600 - 1,499 kcal/week) and high physical activity

( ~ 1, 5 00

kcal/week) showed

a lower risk for ischemic stroke, OR ratios were 0.66 (95%C I: 0.52 to 0.84 ) and 0.61
(95%C I: 0.47 to 0.80) for moderate and high physical activity, respecti vely. Other studies
also provided evidence that regular physical activity has beneficial effects in reducin g the
incidence of ischemic stroke. Lee et al. (2003) analyzed 23 studies from 1966 to 2002,
and revea led that physical activity was assoc iated with a lower risk of stroke, showing a
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20% reduction for moderate acti vity (RR

=

0.80) and a 27% reduction for high strength

activ ity (RR: 0.73, 95%C I: 0.67 - 0.79), respectively, compared to low levels of activity.

1.5.2 Non-modifiable Risk Factors

Age

Adva nce d age is a signific ant risk factor for stroke, resultin g in a 2-fo ld increased risk for
every ten yea rs afte r the age of 55 yea rs old, with two thirds of stroke patient s bein g
grea ter than 65 yea rs old (Wo lf et al. 1992; Senelick et al. 1994 ; Brown et al. 1996;).
Feig in et al. (2003), after perform ing a meta-analysis invo lving a total of 3.266 ,366
individuals from 13 countries worldwide, revealed the trend toward increase d stro ke
incidence with adva nced age. The age -standard ized stro ke incidence rate ranged from 0.1
to 0.3 per 1,000 person-years for indivi duals with an age less than 45 years old; 4.2 - 6.5
per 1,000 person- years for individuals aged greater than or equal to 55 yea rs old; and
inc idence increased to 12.0 - 20 .0 per 1,000 person-years for elderly peopl e age d greater
than 75 years old. Another meta-analysis reported that the stroke incid ence was 30 times
higher in indi viduals beyond 75 years old, co mpared to individuals age d 35 to 44 yea rs
old in the Chinese Han popul ation (Li u et al. 200 7).

Sex
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Males are more vulnerable to stroke than females. The China Mult icenter Co llaborative
Study of Cardiovasc ular Epidemiology in 17 communities across China from 1991 to
2000 showed that men acco unted for 59.0% of total stroke events among all 16,031
registered first-eve r stroke patients

(~

25 years old) (Zhang et al. 2003). An eight-yea r

national registry in Denmark aimed at hospitalized individuals with first-ever ischem ic
stroke reported that males acco unted for 52.1% of 40,102 individuals, and the incidence
rate was obvio usly higher in males than females among middl e-aged individu als
(Andersen et al. 20 I0).

Race-Ethnicity
African Americans show higher stroke incidence than European Caucasians (Broderic k et
al. 1998). The reaso n for this might include higher prevalence of vasc ular risk factors
such as hypertension and diabetes in African Americans compared to Caucas ian and
Hispanic populations (Schca mm et al. 20 10). The prospective population-based No rthern
Manhatta n Stroke Study (NOMASS) examined 2 10,000 residents in northern Manhattan
area . The study revea led that African Americans showed a 2-3 fold higher risk for
developin g ischemic stroke per year compared to European descend ant s (Sac co et al.
1998). A more recent Greater CincinnatilNo rthern Kentuck y population

project

ascert ained stroke events among 1.3 million residents in the study area in 1993, 1999 and
2005. The race-adju sted ischemic stroke incidence rates were 303, 29 1 and 294 per
100,000 persons for African Americans for the same periods, respecti vely. The incidence
rates for their European desce ndants were 206, 241 and 179 per 100,000 persons for the
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year 1993, 1999 and 2005, respectively. Comparison between the two ethnic groups
revealed that African Amer icans have a higher chance of developin g ischemic stroke than
Caucasian popul ations despite the declinin g trend in incidence with in eac h ethnic gro up
(Kleindorfer et al. 20 I0).

Ge netic predisposition

The genet ic predisposition for stroke was identified in animal models. Rubattu et al.
( 1996) crea ted a stro ke-pro ne hypertension-ind ependent rat model by hybr idizing male
stro ke-pro ne spontaneo usly hyperten sive rats and fem ale stroke-res istan t spontaneo usly
hypertensive

rats . The

researchers observe d

stroke

incidence amo ng

the
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norm otensive rats and perform ed a genome-wide linkage analysis by genotyping a total of
1,038 genetic mark ers. Three quantit ative loci on Chromoso mes I and 5 showed LOD
scores > 3.0. This study indicated that genetic components co ntribute to stroke,
inde pendent of hypertension .

Popul ation studies sugges t that genetic component play a substantial ro le in ischemic
stro ke in hum ans. The nationwide twin study in Denm ark recru ited 35 1 monozygoti c and
639 dizygo tic twin s born from 1870 to 1952. At the initia l screening, one twin from eac h
pair was verified for stroke death , the cause of death in the other twin was then record ed
from the Register of Ca uses of Death or the Danish Na tional Discharge Register. It
showed that monozygotic twin s had a higher co ncordance rate (35 pairs, 10%) of stro ke
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death compared to dizygotic twins (34 pairs, 5%) (OR: 2.1, 95%C I: 1.3- 3.3) (Bak et al.
2002) . This study provides evidence for genetic predi sposition to stro ke-related death.
The Sahlgrenska Academy study on the Europea n Caucas ian popul ation in Swe den
registered 600 co nsecutive ischemic stroke patien ts with onset age < 70 yea rs old and 600
age- and sex - matched contro ls. Compar ison between cases and control s showed that the
first-degree fami ly history of stroke was associa ted with increased risk of ischemi c stroke
(O R: 1.75, 95%C I: 1.26 - 2.43). Statist ical significa nce rem ained when performin g
similar analysis in three subtypes of ischemic stroke . The odd ratios were 1.88, 1.79 and
1.70 for large-vessel stroke (95%C I: 1.02 - 3.44) , sma ll-vesse l stroke (95%C I: 1.13 2.84) and cryptoge nic stro ke (95%CI: 1.13 - 2.56), respectively (Jood et al. 2003).

The mechanisms invo lved in genetic predisposition for stroke are prop osed to involve the
following pathways: I ) genetic components facilitate the developm ent of co nve ntio nal
vasc ular risk factors, such as hypertension and hyperh omocysteinem ia, which increased
stro ke risk in vulnerable individu als; 2) genetic comp onents interact with enviro nmental
factors to enhance stroke risk; and 3) genet ic co mponents contribute to intermediate
phenotypes , such as atherosclerosis, which can lead to stroke (Dichga ns et al. 200 7;
Stan kovic et al. 20 I 0). During the past two decades, dozens of ca ndidate genes have bee n
reporte d to be assoc iated with stroke; however, few of these show co nsis ten t result s in the
studied popul ations. The candidate gene study of ischemi c stroke will be discussed in
chapter 2.
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Chapter 2
Candidate Genes for Ischemic Stroke
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2.1 Single Nucleotide Polymorphi sm, Haplotype and Linkage Disequilibrium

Single nucl eotid e polym orph isms (SN P) refer to variation in DNA sequence ca use d by a
single nucl eotide (adeni ne, thymin e, cytosine and guanine) variatio n at spec ific loci. The
hum an geno me is estimated to contain 6.0 million common SNPs (minor alle1e frequency
> 5%) (Da na et al. 2005) . Approxima tely 2.3 million SNPs differ betw een two unrelated
indiv iduals, i.e., I nucleotid e variation per 1,000 - 2,000 base pairs (T he Intern ational
SNP Map Work ing Gro up 200 1). When SNPs occ ur in the protein- coding region , they are
categorized into two types, depending on their effec ts on the resultin g pol ypeptid e
seque nces : (I) syno nymo us variation, in which the nucleotide variatio n does not change
amino acid sequence; and (2) non- synonymous varia tion, which result s in amino acid
change or premature termination. SNPs are usually biallelic. The frequ ency of alleles can
vary geogra phically between different ethnic pop ulations: the major allele at a ce rta in
locus in a popul ation can be the minor one in another (Taras et al. 20 10).

In gene tic association studies, haplotype refer s to SN Ps on different loci on the same
chro mo some statis tica lly associa ted with eac h other (The International HapM ap
Co nsort ium 2003 , 2005) . Linkage disequil ibrium descr ibes the non-r and om associa tion of
allele s on differe nt loci (Falco ner et al. 1996). Genetic linkage disequ ilibrium ca n help
identify ca ndidate loci con tributing to diseases in case that the tested genet ic marker and
the disea se ca using var iant are close ly linked (Briscoe et al. 1994 Plomin et al. 1994;
Jorde et al. 1995; Kaplan et al.1995; Chap man and Wijsman 1998). For two loci not
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tightl y linked , linkage disequilibrium will grad ually decay ove r generations for
recom bination occ urs between the two loci. For those closely linked loci , linkage
d isequilibrium between disease and marker loci will remain strong throu gh generatio ns.
These ass umptions provid e the basis for genetic assoc iation studies identifying ca ndidate
genetic variants for diseases.

T he International HapM ap Project cate gorizes the human ge nome into linka ge
disequilibrium (LD) block s, i.e., certain chromo som e region s wher e allelic asso ciation
betw een SN Ps show s few historical recombination events (Tail on-Mill er et al. 2000 ; Daly
et al. 200 1). The identificati on of LD block s pro vides an efficient tool in genetic
associa tion studies. Tes ting tagSNP s, which repr esent these LD blocks, can avo id the
need to genotype all SN Ps within the candidate region (Risch et al. 2000; Zhang et al.
2002) . The LD pattern s of more than 4.0 million SN Ps acro ss the whole ge nome have
been charac terized in different ethnic popul ations following the compl etion of the
Intern ational HapM ap Project phase I and II in 2005 and 2007 (Chee et al. 20 I0) .

2.2 Candidate Gene Approach Study of Ischemic Stroke

The candidate ge ne approach study has been wid ely used in investigatin g genetic risk
factors for compl ex disease (Matarin et al. 2009) . SNP s are often used as genetic variant s
in these assoc iation studies. These SNP s are genotyped in subjects with the target
phenotype (cases) and age - and sex - match ed health y indiv iduals (co ntrols). The
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associa tion between the candidate variants and targeted disease can be assesse d by the

X:

test ana lyzing the frequency difference between case and control groups. Odds ratios are
used to indicate the relative risk of the tested variants on disease (Sanja 20 I0). A reliable
genetic associatio n study requires a large sample size (> 1,000) with adjustmen t for age
and sex (Li et al. 2003).

2.3 Candidate Genetic Variant s in Ischemic Stroke

Genetic assoc iation studies have been widely appli ed to map comm on genetic variants
(minor allele frequency > 5%) conferring risk for stroke (Matarin et al. 2009). To date.
studies have revealed pathoph ysiological process of ischemic stroke are involved in the
following pathways: I. haemostasis system: factor V, factor V II, factor XII, factor XIII.
factor

II

(prothrombin),

fibrinogen,

plasminogen

activator

inhibitor- l ,

platelet

glycoprotei n receptors, von Willebrand factor, tissue plasmi nogen activator, thrombin
activable fibrinolysis inhibitor, thrornbomod ulin, protein Z, and annexin AS ; 2.
homocysteine metabo lism: methylene tetrahydrofolate reductase, cystathione betasynthase, and methionine synthase; 3. lipid metabolism : apolipoproteins, lipoprotein
receptors, and key enzymes of plasma lipoprotein metabolism (Bersano et al. 2008,
Stankovic et al. 20 10). The candidate genetic variants for ischemic stroke are summarized
in table 2. 1. The association between these candid ate genetic variants and strok e remain s
inco nsistent in di fferent ethnic populations (Matarin et al. 2009). The reason acco unting
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for thi s phenom enon may lie in selection bias, sma ll sample size, and heterogeneity of
stro ke. There fore , further studies are needed to help reso lve this debat e.
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Table 2.1 Candidate genes for ischemic stroke (Adapted from Bernaso et at. 2008
and Stankovic et at. 2010)
Path ogen etic systems

Candidate genes

I-1acm ostasis
F2, F5, FGA/FG B, F7. FI 2A!, VWF ,
F12,

SE RPINE I,

ITGB 3,

ITGA2B ,

ITGA 2, GPIBA, ACE, ACT
Homo cysteine metab oli sm
MTHFR , CBS, MTR
Lipid metaboli sm
APO f:2, d , f:4, LPL, PON 1/2/3, CET P,
ABCA I
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2.4 Genomewide Association Study of Stroke

A genome-wide asso ciation study (OWAS) is a method by which large numb ers of SNPs
evenly scattered throughout the whole genome are genotyped. It is expected to discover
novel genetic variants by providing a hypothesis-free method to inves tigate commo n
genetic variants with moderate effec ts on complex disease (Ku I et al. 20 I0). So far ,
OWAS have identified severa l novel candidate genetic loci for ischemic stroke, including
4q25 (PlTX2 gene) (Gretarsdottir et al. 2008), 16q22 (ZFHX3 gene) (Gudbja rtsso n et al.
2008) and 12pl 3 (N/NJ2 gene) (Ikram et al. 2009). However, subsequent independent
validatio n studies have failed to reproduce these OWAS findings (Hegele et al. 20 10). In
addition, genetic variants for ischemic stroke identifie d by the candidate gene approac h
did not achieve the statistical significance level in genome-wide assoc iation studies
(Ikram et al. 2009) . Up to now, OW AS have not revolutionized the genetic study of
stro ke as expected.

2.5 Candidate Genetic Vari ant s in th e Pre sent Stud y

2.5.1 MTHFR c.677C>T and c.l298 A> C variants

The assoc iation between hyperhomocysteinemia and stroke is described in chapter I.
5, 10-Me thylenetera hydrofo late

reductase

(MT HFR),

the

key enzyme

regulating

homocysteine metabolism, remethylates homocysteine back to methionine by catalyzi ng
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the reduction of 5, 10-methylenetetrahydrofol ate to 5-methyltetrahydrofo late (Ueland et
al. 2000, 200 1; Champe et al. 2008). Impaired MTHFR activity interrupt s the
remethylation process of homocysteine to methionine, and the plasma level of
homocysteine subsequently accumulates leading to hyperhomocysteinemia.

The MT HF R gene, which is located on chromosome I p36.3 and encodes the MTI-IFR
enzy me, has been widely investigated for its contr ibution to cardio vascular disease
(Goye tte et al. 1994; Bersano et al. 2008; Stank ovic et al. 20 10). The most studied variant
is the MTHFR c.677C>T (p.Ala222Val) vairant. In vitro experimen ts indic ated that
heterozygous CT and homozygous TT genotypes reduce MT HFR activity to 65% and
35% compared to the homozygous CC genotype. The homozygous TT genotype leads to
enzyme thermoliability and increases plasma homocysteine levels by 25% (Fross t et al.
1995). Van de r Put et al. (1998) confirmed this phenomenon by comparing the
homocysteine level among differen t genoty pes of the ilvfTHFR e.677C>T variant in 186
individua ls. The number of individ uals with l\r r HFR c.6 77C>T genotypes was 44. 0%
(n=82), 4 1.9% (n=78) and 14.0% (n=26) for CC, CT and TT genotypes. respectively. The
mean plasma homocysteine level was 18.4 umol/L in the T l' genotype. which was
significa ntly higher than that of the CC genotype (13.1umol/L). This sugges ts that the
MT HF R c.677C>T variant may confer risk to stroke via inf1uence on plasma

homocysteine levels.
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The associa tion between MTHFR c.677C>T and ischemi c stroke remains inconsistent.
Cro nin et al. (2005) analyzed 22 studies, recruiting 4,740 ischemic stroke cases and 7,486
controls, and revea led a dose-dependent assoc iation between the MTHFR c.677C>T
variant and ische mic stroke. Compared to CC genotype, odd ratios were 1.18 for
heterozygous CT genotype (95%C I: 1.09 to 1.29, P<O.OOI) and 1.48 for homozygous 1'1'
genoty pe (95%C I: 1.22 to 1.8, P<O.OOI). Li et al. (2003) recruit ed 807 ischemi c stroke
patients and 1,832 contro ls. The median plasma homocysteine level was significantly
higher in cases ( 14.7 umol/L) com pared to controls (12.8 urnol/L), and increased risk for
ischemic stroke in the Chinese Han population (OR: 1.72, 95%C I: 1.39 - 2. 12, P < 0.(01 ).
In addition, the homozygous 1'1' genotype was found in 24.5% of cases, versus 2 1.7% in
co ntro ls (OR: 1.37, 95%C I: 1.06 to 1.78). This indica tes that the TT genotype is
associa ted with increased risk for ischemic stroke. However, another assoc iation study in
the Singapore Chinese population did not confirm this associa tion (Low et al. 20 II ). A
recent meta-analysis, includi ng six meta-analyses and ten case-control studies, failed to
co nfi rm the assoc iation between the AfTHFR c.677C>T variant and ischemic stroke
(Be rsano et al. 2(09).

Ano ther common variant, A1THFR c. 1298A>C (p.Glu429A la), was identified by
sequencing the coding region of AfTHFR in 86 individuals with an open neural-tub e
defect and 403 control subjects (Van der Put et al. 1998). They established an associa tion
between AC/CC genotypes and reduced MTHFR activity in isolated human lymph ocytes.
However, the effec t of MTHFR c.1298A >C variant on plasma homocysteine levels
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remains uncertain . Studies reported that this variant either did not affect the homoc ysteine
levels, or was associated with elevated or even reduced homocysteine levels (van der Put
et al. 1998, Friedman et al. 1999, Lievers et al. 200 1, Castro et al. 2003). Sazc i et al.
(2006) genotyped the MTHFR c.1298A>C variant in 92 ischemic stroke patients and 259
healthy contro ls from a Turkish Caucasia n population. The CC genotype distributed to
20.7% of cases, which was significantly higher than 8.1% in the control gro up (OR: 2.950,
95%C I: 1.504 - 5.786, P = 0.001). Han et al. (20 10) perform ed a similar study on 264
silent brain infarction patients and 234 controls in the Korean population . Heterozygous
AC genotype possessed 30.3% of cases compared to 2 1.8% o f control indi viduals, and
increased risk (OR: 1.734, 95%C I: 1.13 - 2.66, P < 0.05) for silent brain infarcti on.

2.5.2 Chromosome 9p21 Locus

The chro moso me 9p2 1 locus has been identified to be assoc iated with a broad range of
vascula r diseases. Rs 1333049, an SNP within the chromoso me 9p2 1 locus, was reported
to be assoc iated with increased risk of coronary heart disease in the large Wellcome Trust
Case Control Consortium (WTCCC) study (1,926 cases and 2,93 8 controls, OR = 1.37,
95%C I: 1.26 to 1.48, P = 1.80x I0- 1\

and was validated subsequently in the German

Myocardial Infarction Family Study (875 cases and 1,644 cont rols, OR=1.3 3, 95%C I:
1.18 to 1.51, P = 3.40x I0- 6 ) (Samani et al. 2007) . A meta-analysis invol ving 12,004
patients with coronary heart disease and 28,949 controls confirmed the asso ciation
between rs 1333049 and coronary heart disease in the Caucasian populati on (OR: 1.14,

35

95%C I: 1.20 - 1.29, P=6.04 x I0-1o) (Schunkert et at. 2008) . Saxe na et at. (2007)
genotype d 386,73 1 SN Ps in 1,464 patient s with Type 2 diabetes mellitu s and 1,467 age
and gender-ma tched co ntrols, and found that the T allele of rs I08 1166 1 on chro moso me
9p2 1 locus distribut ed significa ntly higher in cases than in control s. (OR: 1.37, 95%C I:
1.18 - 1.59, P = 3.6 x 10-5) . A subsequent cohort of 3, 167 Chinese Han indi vidu als
repli cated the enhanced risk of the variant rsl0811 661 co nferring to Ty pe 2 diabetes
mellitu s (OR: 1.23, 95%C I: 1.03 to 1.47, P = 0.02) (Cheng et at. 20 11). A large case
control study sugges ted that the G allele of rs107 57278 on chromosome 9p2 1 locu s is
ass oc iated with abdominal ao rtic aneurysm (2,836 patient s and 16,732 control s, OR : 1.31,
95%C I: 1.22 - 1.42, P=1. 2 x 10-12) and intracrani al aneurysm (1,134 patient s and 15,481
co ntro l indi vidu als, O R: 1.29, 95%C I: 1.16 - 1.43, P= 2.5 x 10-6 ) (Helgadottir et at. 2008).

The associa tion betwee n 9p2 1 locus and ischemi c stroke represent s one of the most
intriguing discoveries in the genetic study of ischemic stroke for the year 20 I0 (Mes chia
20 11). Mata rin et at. (2008) recruit ed 249 ischem ic stroke patients and 268 co ntro ls from
a Ca ucas ian popul ation . They identified that SNPs rsI 011 6277, rs13 33040 , rsl 333042
and rs2383207, which enco mpasse d a 44-kb region on 9p2 1, were associated with
increase d risk for ischemi c stroke (all P < 0.0 5). The assoc iation between this locus and
ischemi c stroke remai ns weak in the Chinese Han popul ation. Hu et a t. (2009) registered
355 ischemi c stroke patients and 430 health y control s in the Beijing area. By genotyping
SN Ps rs23 832 06 and rsI 0757278 , this study identified that the AG/GG genotypes of
rs2383206 co nferred a 1.51-fold higher risk for ischem ic stro ke (95 %C I: 1.11 to 2.05, P =
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0.009) , especially significa nt in large vessel stroke (OR: 2.09, 95%C [: 1.30 to 3.37, P =
0.002). However, the haplotype analysis did not reach sign ificance level (I' = 0.067). This
suggested that 9p2 [ confers a genetic risk for ischemic stroke in the Chinese Han
population. Ding et al. (2009) genotyped [ 7 tagSNPs on chromosom e 9p2 [ in 558
patients with ischemic stroke, 510 patients with coronary artery disease and 557 contro l
individuals free of these conditions in the Chinese Han population. Their study showe d
that rs2383206 (OR: 1.35, 95%C [: 1.11 to 1.64, I' = 0.006), rsl004638 (OR: 0.65,
95%C [: 0.53 to 0.81, I' = 0.001) and rs10757278 (OR: 1.39, 95%C I: 1.15 to 1.69, p=
0.00 2) distribut ed differently between coronary artery disease patients and control
individuals. However, none of the tested SNPs reached statistical signific ance level for
ischemic stroke in the study. Haplotype analysis revealed that the AITA haplotype o f tag
SNPs rs2383206, rs1004638, rsl 776 1442 and rs10757278 distributed 0.7% in ischemic
stro ke patients, significantly lower than in control subj ects (4. 1%) (OR: 0.78, 95%C I:
0.67 to 0.87, P = 4. 1 x 10""). Subsequent validation studies by the same research group
recruited 442 ischemic stro ke patients and 502 contro l individuals. The above four SNJ>s
on 9p2 1 candidate locus were genotyped. Statistical analysis confirmed the above
associa tion at the haplotype level (OR: 0.85, 95%C I: 0.77-0.95 , 1'= 0.003). However, no
statistica l significa nce was reached at the SNP level (Ding et al. 2009) . More
investigation s are needed on the association between chromoso me 9p2 1 locus and
ischemic stroke in the Chinese Han population.
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The 9p2 1 locus also conferred risk for several non-vascular diseases, such as open-an gle
glauco ma (Ramdams et al. 20 I0), melanoma (Bishop et al.20 I0), childhood acute
lymph oblastic leukemia (Sherborne et al. 20 10), glioma (Shete et al. 2009), basal ce ll
carcinoma (Stacey et al. 2009) and breast cancer (Turnbull et al. 20 10).

The candidate locus on 9p2 1 is devoid of any known gene. Since these assoc iated SNPs
identifi ed in previous studies were common SNPs (minor allele frequency > 5% among
the studied population) from the initial GWAS SNP panel, scientists proposed that interfrequency variants (minor allele frequenc y varies at 2% - 5%), or those common SNPs
not included in the published data, might confer a higher risk for these phenotypes. Shea
et al. (20 11) then sequenced a 240-kb region on 9p2 1 in 47 individuals and established
536 novel SNPs includin g both common and inter-frequency variants. Two assoc iation
studies were performed on diabetes mellitus (1,000 type 2 diabetes patients and 1,048
contro ls) and myocard ial infarct ion (1,274 cases and 1,407 contro ls) by genotyping these
var iants . However, none of these newly established SNPs showed higher odds ratios
com pared with the published GWAS SNP signals.

Function studies have examined the effect of this locus on gene expressio n. Two tumor
suppresso r genes, cyclin-dependent kinase inhibit or 2A (CDKN2A) and CDKN2B reside
app roximately 100 kb away from the core vascular disease risk region. The y are invol ved
in the regulation of ce ll cycle, aging, senescence, and apoptosis (Kim and Sharpless 2006;
Gil and Peters 2006). ANRIL is a non-coding RNA with its exo ns 13-19 ove rlapping the
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core vascular risk region on 9p21, and is transcribed in the oppo site direction to the

CDKN2B gene. ANRIL is expressed in vascular tissues, such as coronary smoo th muscle,
vasc ular

endothelial

cells,

human

monocyte-derived

macrophages,

carotid

endarterec tomy specimens, and abdominal aneurysm (Cunnington and Keavne y 20 11).
To date, function studies have revealed inconsistent results. Liu et al. (200 9) identifi ed the
associa tion between rs10757278 on 9p2 1 and reduced expression of CDKN2A, CDKN2B
and ANRIL in periphe ral blood T lymphocytes from 170 healthy volunteers. Cunnington
et al. (2010) validated a similar association between chromosome 9p2 1 locus and
decreased ANRIL transcripti on in periph eral blood extracted from 487 health y
indiv iduals. These studies suggested that chromosome 9p2 1 locus may contribute to
vasc ular disease by regulating expression of CDNKN2A, CDKN2B and ANRIL in vascular
tissues. However, other studies failed to confirm this associa tion (Michael et al. 20 11).
Hold et al. (20 10) revealed that chromoso me 9p21 was associa ted with reduced ANRIL
and CDKN2B expressio n in mononuclear cells from 1,098 coronary artery patient s.
However, this correlation dimini shed when testing the associa tion in atheros clero tic
plaqu e specimens. An animal study knocked out a 70kb on chromosome 4 in mice, which
was estimated to be orthologous to 9p2 1 in humans. These mice showed reduced
expressio n of CDKN2A and CDKN2B and proliferation of aortic smooth muscle ce lls.
However, they did not show a predisposition to vascular disease (Visel et al. 20 I0).
Another study sugges ted that 9p2 1 risk alleles contribute to vascular disease by increasing
platelet reactivity (Musunuru et al 20 10). Musunuru et at (20 10) identifi ed that 12 SNPs
in the 9p2 1 region showed an assoc iation with increased platelet reactivity among 1,402
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asymptomatic participant s (P<O.OOI). They also validated this association in the 2,363
participants from the Framingham heart study cohort. The exact mechanism underlying
the assoc iation between 9p2 1 and vascular diseases needs further elucidation.

2.6 The Genetic Complexity of the Chinese Han Population

China has the largest popul ation worldwi de, with 1.3 billion individu als from 56 ethnic
gro ups. About 92% Chinese belong to the Han Chinese ethnic group, which constitutes
20% of the world's entire population. Genetic studies analyzing Y chro moso me and
mitochondri al DNA variations suggest that the Chinese Han population could be subcatego rized into Northern Han and Southern Han, geographically divided by the Yangtze
River, the largest river running from west to east across China (Xiao et al. 2000; Wen et
al. 2004). A recent genomewide study, which mapped 160,000 SNPs in 1,700 individu als
from 22 regions across China indicated that the Chinese Han population could be further
differentiated into three subgroups: the Northern , Central and Southern Han (Xu et al.
2009) . Another larger study, genotyping 350,000 SNPs in over 6,000 partici pants
samp led from ten provinces, confirmed these genetic subgroups within the Chinese Han
population. They further indicated that the Chinese Han Beijing (CHB) population in the
international HapMap database could represent the Chinese Han from northern and
central areas (Chen et al. 2009). Our sample was collected solely from Henan province,
which is located in central China among 34 administrative regions in China.
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Chapter 3
Materials and Methods
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3.1 Rationale

Stroke is the seco nd most common cause of adult death and is the leadin g reaso n for longterm adult disability worldwide (Donnan et aL2008; Bonita et al. 2004). Assessment of
genetic predisposition will facilitate prevention and individualized treatment of stroke.
The assoc iation of MTHFR c.677C>T, c.1298A>C variants and 9p2 1 locus with ischemi c
stroke is inconsistent in published data. The reasons for these inconsiste nt reports might
lie in the heterogeneity of stroke, genetic complexity between ethnic groups, or limits of
the study design.

The Chinese Han popul ation, a seemingly homogenous ethnic popul ation, has been
classifi ed into three geogra phic subregions : the North Han, Central Han and South Han
(Chen et al. 2009, Xu et aL 2009). Genetic variants assoc iated with complex disease
might be diff erent in these subpopulations; therefore, sample selection should be area
specific. The present study focuses on the Chinese Han population from Henan province,
the central China.

3.2 Objectives

In the prese nt study, we performed two case control studies, with the following aims:

To assess the associa tion between two common variants, MTHFR c.677 C>T and
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c.1298 A>C, and ischemic stroke in the Chinese Han population from Henan
province ;

To investigate the genetic associ ation between the candidat e chromos ome 9p21
locus and ischemic stroke in the Chinese Han population from Henan prov ince.

3.3 Materials and Methods

From February 2006 to March 2007,1 ,429 consecutive patients (Mean age ± SO : 62.7 1 ±
11.80, male : n=868, 60.7%), diagnosed with ischemi c stroke from 18 hospitals in Henan
province, were enrolled in the present study. The inclusion criteria were: I) stroke
diagnosis according to WHO criteria, and 2) an MRI or CT scan indicating the ischemic
lesion corres ponding to the neurol ogical deficit s. Patients with hemorrhagic stroke,
subarachnoid hemor rhage, transient ischemic attack and severe systemic diseases were
exc luded from this study. The control group consisted of 1,197 (Mean age ± SO: 58.51 ±
9.237, male: n=760, 63.5%) ethnic matched individuals without a history of myocardial
infarction or stroke who were admitted to these hospital s for routin e health examinations.
Informed consent was obta ined from all participant s. Samples were collected by the
Genetics department of Zhengzhou University. The study protocol on the collaboration
between Zhengz hou University and Department of Laborator y medic ine in Health
Sciences Centers, Newf oundland and Labrador , was approved by institution al boards.
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SNP Genotyping

Genomic DNA samples were obtained by salt extraction protocol (Mill er et al 1988 ). In
the MTHFR study, two variants were tested, includin g MTHFR c.677C>T (rs I8 0 1133,
C_ 1202883_2 0) and MTHFR c.1298A>C (rs I 801131, C_ 850486_20) variants. For the
9p2 1 study, four SNPs were selected from Chromosome 9p21.3 locus: includin g
rs l3330 49

(C_ 1754666_ 10),

rs2383207

(C_15 7890 10_ 10),

rs10757274

(C_26505812_ 1O), and rs1011 6277 (C_ 2999 1625_20), which encompassed the 44-kb
candidate region on chromosome 9p2 1 (the position mapped to chr9.22071 397 and
chr9.22 115503). All tested SNPs were genotyped using TaqMan SNP genotyping kit
(ABI; Foster City, CA) on real-tim e PCR platform (ABI Prism 7000 sequence detection
system). The reaction volum e included: 2.0 III genomic DNA (100 ng/ul) , 2.5111 TaqMan
universal PCR master mix, 0.125 III primer and probes, 0.375 III ddH 20. The standard
reaction condition included activation of uracil-N-gl ycolase (UNG) (2 min, 50°C) ,
polymerase activation (lOmin ; 95°C) , 40 cycles of denaturation (l5 s; 95°C), annealing
and extension ( Imin ; 60°C) .

Statistica l Analysis

The genotype frequency data for each variant in the control group was tested for deviation
from the Hardy-Weinberg equilibrium using online software (http://ihg.gsf.de/cg ibin/hw/hwal.pl). Haplotype frequencies were estimated using the PowerMa rker V3.25
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Softwa re. Genotype and haplotype distributi on between case and control groups were
tested by the X2 test under recessive, dominant and co-dominant models by SPSS 16.0
softwa re package (SPSS Inc.). Statistical power was calculated using QUANTO V1.2.3
software . Differenc es with P< 0.05 (two-tailed) were considered statistically significant.
Bonferroni correction was not performed in the two studies due to the followin g reasons:
I) for the MTHFR study, two tested variants of the MTHFR gene are in linkage
disequil ibrium ; 2) for the 9p2 1 study, the four variants are from one candid ate risk region,
where rs107 57274 and rs2383207 are in one LD block, and two other variant s adjacent to
this block ; 3) Bonferroni correction is too conservati ve.
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Abstract
Background: Chromosome 9p21 common variants are strongly associated with coronary
arterial disease (CAD). This association has been expended to other vascular disorders
including ischemi c stroke in Caucasians. However , the association between 9p2 1
common variants and ischemic stroke in the Chinese Han population lacks strong
evidence.

Method: Four common variants, rs1333049, rs2383207, rsI0757274 , and

rs I0 116277 were selected from the 44 kb candidate region on chromoso me 9p2 1 locus.
We geno typed these SNPs in 1,429 ischemic stroke patients and 1,191 controls from the
Chinese Han population by using the TaqMan SNP genotyping technology on a real-time
PCR platform. Results : Heterozyous AG and homozygous GG genotypes of rs2383207
conferred a increase d risk for ischemic stroke in the present study (P<0.05). Haplotype
analysis of rs10757274 and rs2383207 showed that the G-A haplotype was assoc iated
with significantly lower risk with ischemic stroke (OR: 0.359, 95%C I: 0.256 to 0.504,
P<O.OOI). Conclusion : A candid ate region on 9p2 1 locus is assoc iated with ischemic
stroke in the Chinese Han popu lation both at SNP and Haplotype levels. Our study
reduces the candid ate region to 28 kb in the Chinese Han population.

Introdu ction
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Strok e is defined as acute focal or global neurologi cal deficits persistin g more than 24
hours, or interrupted by intervention or death within 24 hours, with a presumed vascular
cause (W HO 1990 ). 9 milli on individuals are estimated to suffer from stroke each year,
and approximately 1.5- 2 million of these patients reside in China (Liu et a12 007, Zhao et
al 2008, Meretoja 20 11). Stroke is the second most comm on cause of adult death
worldwi de, and about 5.4 million individuals are estimated to die of stroke-related eve nts
eac h year, accounting for approximately 10% of total deaths worldw ide (Murray et al
1997, Donnan et ai, 2008 Bonita et al, 2004). Two-third s of stroke related deaths occur in
developin g countr ies, with approximatel y 40% occurrin g in China (Geneva: World
Health Organization. 1998, Reddy et al 1998, Feigin et al 2003,).

Stroke is a compl ex disease to which both genetic and environmental factors contribute .
Common variants in a candidate chromoso me 9p2l locus have recentl y been associated
with increased risk for coron ary arterial disease (CAD). The 9p21 locus was first
identified as a genetic risk factor in CAD by four parallel genome-wide association
studies (The Wellcom e Trust Case Control Consortium 2007 ; Helgadottir et al. 2007;
McPherson et al. 2007; Samani et al. 2007). Subsequently , genome-wide assoc iation
studies have also demon strated the assoc iation between this locus and other vasc ular
diseases, including diabetes mellitus, abdominal aortic aneurysm, and intracrani al
aneurism (Saxe na et al 2008, Helgadottir et al. 2008). Matarin et al. (2008) docum ented
that common variants from a 44-kb core candidate region on 9p2 1 were associated with
ischemi c stroke in a Caucas ian population. However, replication studies in the Chinese
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Han population have revealed weak associa tion between 9p2 1 and ischem ic stroke (I-Iu et
al. 2009 , Ding et al. 2009) . This may be due to a relatively sma ll sam ple size and genetic
heterogeneity among the Chinese Han population. In the present study, we performed a
large case co ntrol study to replicate the association betwee n the co re candidate 9p21
region and ische mic stroke in the Chinese Han population.

Materials and Methods
Subjects
From February 2006 to March 2007, 1,429 consecutive patients (Mean age ± SO: 62.7 ±
11.8, male: n=868, 60.7%), diagnosed with ischemic stroke from 18 hospitals in Henan
provi nce, were enro lled in the present study. The inclusion criteria were: 1) stroke
diag nosis acco rding to WHO criteria , and 2) MRI or CT scan indicating the ischemic
lesion corresponding to the neurological deficits. Patients with hemorr hagic stroke,
subarachnoi d hemo rrhage, transie nt ischemic attack and severe syste mic diseases were
excluded from this study. The control group consisted of 1,197 (Mea n age ± SO : 58.5 ±
9.2 male: n=760, 63.5%) ethnically-matched indiv iduals without history of myocardial
infarction or stroke who were adm itted to these hospitals for routine health exa minations.
In form ed consent was obtai ned from all participants. Peripheral blood samples were

collected from patients and controls by the Genetics Department of Zhengz hou University.
The study protocol on the collaboration between Zhengzhou University and Departm ent
of laboratory medicine, Health Sciences Centers, Newfoundland and Labrador was
approve d by institutional boards.
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SN P Genotyping
Genomic DNA was extracted from periph eral blood samples by using a standard salt
precip itation method (Miller et al. 1988). Four SNPs, rs1333049 (C_1754666_l0),
rs2383207

(C_ l 5789010_10),

rs107 57274

(C_265058 I2_ 10)

and

rs1011 6277

(C_2999 1625_20) were selected from a 44-kb candidate region on chromosome 9p2 l
(chr 9.2207 1397-chr 9.22115 503). SNP Genotyping was performed using the TaqMan
SNP genotyping technolo gy on a real-time PCR platform (ABI Prism 700 sequence
detection system). The reaction volume included: 2.0 III genomic DNA ( l OOng/ill), 2.5 III
TaqMan universal PCR master mix, 0.125 III primer and probes, and 0.375 III ddH20.
The standard reaction condition included the activation of uracil-N- glycolase (UNG) (2
min; 50 °C), polymerase activation (IOmin; 95°C), 40 cycles of denaturation (15s; 95°C),
annealing and extension ( I min; 60 °C).

Statistical Analysis
The genotype frequ ency data for each variant in the control group was tested for deviation
from the Hardy-Weinber g equilibrium using online software (http ://ihg.osCde/cg ibin/hw/hwa 1.pl). Haplotype frequ encies and association of haplotypes for case and
control status were estimated using the PowerMarker V3.25 Software. Genotype
frequencies and haplot ype distribut ion between case and control groups were tested by
2

the X test under recessive, domin ant and co-dominant models by the SPSS 16.0 so ftware
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package (SPSS Inc.). Statistical power was calculated using QUANTa V1.2.3 software,
Differences with P< 0.05 (two-tailed) were considered statistically sign ificant.

The minor allele frequencies (MAF) of the four tested SNPs ranged from 0.3 1 to 0.49,
accor ding to HapMap CHB (Chinese Han Beij ing) data, with a mean MAF of 0.40 for the
four SNPs. Given the disease prevalence at 0.5%, 1,429 patients and 1,197 controls
yielded a statistical power > 0.8 to detect an OR of 1.50 for the MAF of 0.40 for the
tested SNPs at a significance level of 0.05 (two-tailed) under recessive, dominant and
additive models. The so ftware QUANTa version 1.2.3 was used for the calcul ation of
statistical powe r.

Results

The physical locations of the four studied genet ic variants (rs13330 49, rs23 8320 7,
rs 107572 74, and rs10116277) within the 44 kb core candidate region for stroke are given
in Figure 4.1. Four selec ted genetic variants were genotyped in 1,429 patients and 1,191
controls. The distributions of all possible genotypes for each variant are give n in Table
4.1. The genotype frequencies of all four genetic variant s in the control subjects were all
under the Hardy-Weinberg equilibrium (all P>0.05 ).

The result showed that the AG / GG genotypes of SNP rs2383207 were asso ciated with
increased risk for ischem ic stroke (OR: 1.417, 95%C I: 1.123 to 1.786, P= 0.003), with
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OR at 1.382 (95%C I: 1.081 - 1.766) and 1.417 (95%C I: 1.123 - 1.786) for heterozygous
AG and homozygous GG genotypes, respect ively. Acco rding to the data from HapMap
CHB (Chinese Han Beijin g), the rs10757274 and the rs2383207 are within one LD block
(r2 > 0.8), and the rs1333049 and the rs10116277 are scattered into two flankin g LD
blocks, respectively. None of the other three SNPs achieved a signifi cance level in the
present study, which indicates a smaller interval of the candidate region «28 kb) in the
Chinese Han populati on compared with the one (44 kb) previously reported in Caucas ians
(Matarin et al. 2008).

In the haplotype frequency analysis, only rs I0757274 and rs23 83207 were included
because these two variants are in the same LD blocks. The distributi ons o f all four
possible haplotype frequencies for rs10757274 and rs2383207 are given in Ta ble 4.2.
Among the four possible haplotypes, the G-A haplotype was assoc iated with significantly
lower risk for ischemic stroke (OR: 0.359, 95%C I: 0.256 to 0.504, P<O.OOI), which
suggests a protective haplotype in the studied population.
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Tabl e 4.1 Genotype distribution s of rsl0116277, rsl0757274, rs2383207, and
rs1333049 in stroke and control subjects in the Chinese Han population

Genotype
Rs10116277
GG

Stroke
(n=I,429)

NC
(n= I,191)

OR (95%C I)

P-value

0. 159

137(9 .6%)

137( 11.5%)

GT

606(42.4%)

501(42 .1%)

1.210 (0.928-1.576)

TT

686(48 .0%)

553(46.4%)

1.241 (0.955 -1.612)

0.106

1292(90.4%)

1054(88.5%)

1.226 (0.954-1 .575)

0.111

30.8%
69.2%

32.5%
67.5%

1.084 (0.964 - 1.218)

0.176

GT+TT
AlleleF.
G
T
Rs10757274
AA

453(31.7%)

354(29 .7%)

AG
GG
AG +GG

676(47 .3%)
300(21.0%)
976(68.3%)

600(50.4%)
237(19 .9%)
837(70 .3%)

0.880 (0.737-1.051)
0.989 (0.794- 1.232)
0.911 (0.771-1.077)

0. 159
0.923
0.275

AlleleF.
A
G

55.4%
44 .6%

54.9%
45 .1%

0.982 (0.881 - 1.096)

0.749

Rs2383207
AA

154(10 .8%)

174( 14.6%)

AG

642(44 .9%)

525( 44 .1%)

1.382 (1.081-1.766)

0.010

GG

633(44.3%)

492(41.3%)

1.454 (1.136-1.86 1)

0.003

AG +GG

1275(89 .2%)

1017(85.4 %)

1.417(1.123 -1.786)

o.oo.
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Genoty pe

Stroke
(0= 1,429)

NC
(0= 1,191)

33.2%
66.8%

36.6%
63.4%

OR (95%CI)

P-value

1.162 (1.037 - 1.302)

(J.()] 0

AlleleF.
A
G
Rs l 333049
GG

381(26.7%)

334(28.0%)

GC

733(5 1.3%)

571(47.9%)

1.125 (0.93 7-1.352)

0.206

CC
GC+CC

315(22.0%)
1048(73.3%)

286(24.0%)
857(72.0%)

0.966 (0.777-1.200)
1.072 (0.902-1.274)

0.752
0.429

0.988(0.886 - 1.102)

0.832

Allelc F.
G

52.3%

52.0%

C

47 .7%

48.0%
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Ta ble 4.2 Distribution of haplotype frequency estimation for rs l 0757274 and
rs2383207 in ischemic stroke and contro l subject s

Haplotype
Frequencies

Stroke
(2n=2 ,858)

NC
(2n=2 ,382)

898

750

OR (95%CI)

P-value

rs10757274 rs2383207
A -A
A -G

683

555

1.028
(0.886- 1. 192)

0.717

G-A

52

121

0.359
(0.256-0.504)

<0.00 1

G-G

1225

953

1.074
(0.944- 1.221)

() . ~8()
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Discussion

In the present study, four varia nts, rs1333049, rs23 83207, rs I0 7572 74, and rs10116277
selected from the core candidate locus on chromoso me 9p2 1, have been genoty ped in
1,429 ischmic stro ke patients and 1,191 controls from the Chinese Han popul ation. The
present study has shown that the G allele of rs2383207 on chromosome 9p2 1 locus is
assoc iated with ischemic stroke in the Chinese Han population. Interestedl y, none of the
other three SNPs selected from the flanking LD blocks and the LD block encompass ing
the rs2383207 showed an assoc iation with ischemic stroke in the present study which
further narrowed down the interval of the candidate region from the previously reported
44 kb to an interva l less than 28kb. This finding will help further charac terize the
candidate 9p2 1 region and fina lly identify the critical DNA variation associa ted with
cardiova scular diseases . Haplotype frequency ana lysis pinpoints the G-A (rs I07572 74rs2383 207) haplotype as a protective haplotype for ischemic stroke in the Chinese Han
popu lation.

The assoc iation between 9p2 1 candidate region and cardiovasc ular diseases, i.e., coro nary
artery disease and type 2 diabetes mellitus, was validated in the Chinese Han popul ation
(Ding et al. 2009, Chang et al. 20 11). However, the evidence for the assoc iation between
9p2 1 locus and ischemic stroke is rather weak in the Chinese Han population . I-1u et al.
(2009) genotyped rs23832 06 and rs 10757278 from the core risk region on 9p2 1 in 355
patie nts with ischemic stroke and 430 controls. In this study, the G allele (AG/GG
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genoty pes) of rs2383206. a SNP 933 bp away from rs2383207, conferr ed a 1.51-fold
higher risk for ischemic stroke in the Chinese Han population (95%C I: 1.11 to 2.05, P =
0.009) . The variant rs2383206 is only 933 bp away from rs2383207, and these two
variants are known to be in a same LD block in Chinese Han population. Another
asso ciation study between 9p2 1 locus and ischemic stroke was condu cted using the
Chinese Han population in which 17 tagSNPs across 58 kb on the 9p2 1 region, includin g
the rs2383206, were genotyped in 558 patients and 557 controls (Xu et al. 2009). This
study did not validate the association between 9p21 locus and ischemi c stroke at the SNP
level. The inconsistent results may be due to either the relatively small sample size or
genetic heterogeneity in the studied Chinese Han population. The Chinese Han popul ation
has been sugges ted to be genetically differentiated into three subgroups: the Northern ,
Central and Southern Han (Xu et al. 2009; Chen et al. 2009) .

So far, there is no coding seque nce identified within the core candidate region on the
chromoso me 9p2 1 locus. Two tumor suppresso r genes, cycli n-dependent kinase inhibitor
2A (CDKN2A) and CDKN2B reside approximately 100 kb away from the core vasc ular
disease risk region. ANRfL is a non-coding RNA with its exo ns 13-19 ove rlapping the
core vasc ular risk region on 9p21, and is transcribed in the opposite direction to the
CDKN2B gene. Function studies revealed inconsistent result s regardin g the association

between the risk alleles on the core candid ate region and expression of CDKN2A,
CDKN2B and ANRfL (Liu et al. 2009; Cunnington et al. 20 10; Hold et al. 20 10; Michael

et al. 20 II ). An animal study knocked out a 70kb sequence of chromoso me 4 in mice,
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which was estimated to be orthologous to 9p2 1 in humans. These mice showed reduced
expressio n of CDKN2A and CDKN2B and proliferation of aortic smooth muscle cells.
However, they did not show a predisposition to vascular disease (Visel et al. 20 10).
Another study sugges ted that 9p2 1 risk alleles contribute to vascular disease by increasing
platelet reactivity (Musunuru et aI20 10).

Concl usion

The prese nt study validates the assoc iation between 9p2 1 and ischemi c stroke in the
Chinese Han popul ation. The exac t mechanism underlying the assoc iation of 9p2 1 with
vasc ular diseases needs further elucidation.
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Abstract

Background: Two common variants, MTHFR c.677C>T and c. 1298A>C, have been
extensive ly studied for association with ischemic stroke. Previous studies revealed
discordant results. Method: Genotyping of MTHFR c.677C>T and c.1298A>C was
performed on 1,429 consecutive patients with ischemic stroke and 1,171 ethnically and
gender matched healthy controls by using TaqMan SNP genotyping techn ology on realtime PCR. Results : The MTHFR c.677T allele was interestingly found to be the major
allele in the studied Chinese Han population with an allele frequency of 59.5%.
Moreover, the MTHFR c.677T allele showed a significantly higher allele frequency (OR:
1.245, 95%C I: 1.112 to 1.393, P<O.OOI), and higher heterozygote (OR: 1.474, 95%C I:
1.170 - 1.858, P=O.OO I) and homozygote prevalence (OR : 1.642, 95%C I: 1.296 to 2.080,
P<O.OOI) in ischemic stroke patients.

For the MTHFR c.1298A>C variant, the

heterozygous AC genotype exhibited a lower risk for ischemic stroke (OR=0.803,
95%C I: 0.664 to 0.970, P=0.023). Permutated haplotype analysis showed that the 6771'1298A haplotype was associate d with a 1.I 38-fold increased risk for ischemic stroke
(OR; 1.138, 95%C I: 1.003 to 1.292, P = 0.045). Conclu sion : The results of the present
study sugges t that MTHFR is associa ted with ischemic stroke in the Chinese Han
population. MTHFR c. 677C >T is a risk variant, and its effect co uld be modifi ed by
genet ic or enviro nmental factor(s) which vary among different ethnic popul ations. The

MTHFR c.1298A>C variantjs more likely to play the role of a genetic marker than
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causative variant in associa tion with ischemic stroke. The MTHFR c. 677T-1298A is a
risk haplotype for ischemic stroke in the Chinese Han population.

Introduction

Stroke is the second most common cause of adult death and the main cause for adult
disability worldw ide (Bonita et al. 2004). The incidence of stroke in Chinese is 1.5 - 2.0
million per year (National 8.5 collaborative Group 1985, Shi et al 1989), with an obvious
geog raphical trend increasing from south to north, approximately divided by the Yangtze
River (Li et al 1985, Chen et al 1993). Amo ng cardiovasc ular disorders, stroke acco unts
for the highest mortality rate in the Chinese Han population, three times higher than
myocar dia l infarction (Li et al. 2003) .

Methylenetetrahydrofolate reductase (MTHF R) is essential for homocysteine metabolism
( Frosst et al. 1995) . Mild to moderate hyperhomocysteinemia ( IS - 100 umol/L) has
been cons idered as an independent risk factor for ischemic stroke (Gra ham et al. 1997,
Rozen et al. 2000, Bersano et al. 2008) . Two common variants in the coding region of the

MTHFR gene, MTHFR c.677C>T (p. Ala222Va l) and c.1298A>C (p. Glu429A la), have
bee n reported to be prevalent in North America n, European and Asian populations (Botto
et al. 2000 ; Guillen et al. 200 1; Castro et al. 2003; Kohara et a12003; Li et al. 2003; Kim
et al 200 7). The MTHFR c.677 C>T variant was reported to be associa ted with impaired
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MTH FR enzyme activity and elevated plasma homocysteine levels (Fross t et al. 1995.
Van der Put et al. 1998). The MTHFR c. 1298 A>C variant was shown to be associa ted
with reduced MTH FR activ ity in in vitro experi ments (Van der Put et aI.1998). However,
studies on the effect of this variant on plasma homocysteine levels remain controve rsial
(We isberg et al. 1998, Yamada et al. 2001) . The association between MTHFR c.677C>T,
c.1298A >C variants and ischemic stroke has revealed inconsistent result s in different
ethnic popul ations. (Casas et al. 200 1, Pezzini et a12002, Li et al. 2003, Sazc i et al. 2006,
Kim et al. 2007, Oichgans 2007). Therefo re, the assoc iation between the two variants and
ischemic stro ke has not been clea rly established and continues to be the subjec t of debate.
Etiologies of complex disease usually involve genetic and environmental factors . The
gene tic mixture within a population could complicate results due to heterogeneity among
genetic modifi ers. To minim ize these effects, we undertook a case control study by
enro lling 1,429 ischemic stroke patients and 1,197 controls from the Chinese Han
popul ation to investigate the genetic effec ts of the MTHFR c.677C>T and c. 1298A>C
variants on stroke.

Material s and Method s
Subjects
From February 2006 to March 2007, 1,429 consecutive patients (Mean age ±

so: 62.7 ±

11.8, male: n=86 8, 60.7%), diagnosed with ischemic stroke from 18 hospitals in Henan
province, were enro lled in the present study. The inclusion criteria were : I) stroke
diagnosis accor ding to WHO criteria, and 2) an MRI or CT scan indicating an ischemic
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lesion corres ponding to the neurological deficits. Patients with hemorrhagic stroke,
subarachnoid hemorrhage, transient ischemic attack and severe systemic diseases were
excl uded from this study. The control group consisted of 1,197 (Mean age ± SO: 58.5 ±
9.2 male: n=760, 63.5%) ethnically matched individuals without a history of myocardi al
infarction or stroke who came to these hospitals for routine health exa minations.
Informed consent was obtained from all participants. Samples were collected by the
genetics department of Zhengzhou University. The study protocol on the collaboration
between Zhengzhou University and Department of laboratory medicine, Health Scie nces
Centers, New foundland and Labrador, was approve d by institutional boards.

Genotyping of the MTHFR c. 677C>T and c. 1298A>C variants
Genomic DNA samples were obtained by salt extraction protocol (Miller et al 1988 ). The
two varian ts, MTHFR c.677C>T (rs I 80 1133, C_ 1202883_20) and MTH FR c.1298A>C
(rs I8 0 1131, C_ 850486_20) were genotyped using a TaqMan SNP genoty ping kit (ABI;
Foster City, CA) on a real-time PCR platform (ABI Prism 7000 sequence detection
system). The reaction volume included: 2.0 III genomic DNA (100 ng/ul ), 2.5111 Taq Man
universal PCR master mix, 0. 125 III primer and probs, 0.375 III ddH20 . The standard
reaction condition includ ed: activation of uracil-N-glycolase (UNG) (2 min, 50°C),
polymerase activation ( IOmin; 95°C), 40 cycles of denaturation (15s; 95°C) , annealing
and extensio n ( Imin ; 60°C) .

Stat istica l Analysis
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The genotype frequency data for each variant in the control group was tested for deviation
from the Hardy-Weinberg equilibr ium using online software (http ://ihg .gsf.dc/cgibin/hw /hwal.pl). Haplotype frequencies were estimated using the PowerMarker V3.25
Software . Genotype frequencies and haplotype distribution between case and control
group s were tested by the X2 test under recessive , dominant and co-dominant models by
the SPSS 16.0 software package (SPSS Inc.). Statistical power was calculated using
QUANTa V1.2.3 software. Differences with P< 0.05 (two-tailed) were considered
statistically significant.

Results

A total of 1,429 patients and 1,171 controls were successfully genotyped for both
variants. The genotype frequencies for the MTHFR c.677C>T and c.1298A >C variants in
the control group did not deviate from the Hardy-Weinberg equilibrium (P>0.05).

MTHFR c.677C>T and c.1298A>C variants frequency distribution
The distribution of genotype and allele frequencies for each variant between patients and
controls are shown in Table 5.1. In terms of the MTHFR c. 677C>T variant, the T allele
has been found to be the major allele in the studied Chinese population with a frequency
of 59.5%. In comparison with the controls , the T allele in ischemic stroke patients was
significantly higher (OR: 1.245, 95%CI : 1.112 to 1.393, P<O.OOI).Heterozygous CT and
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hom ozygous TT genotypes showed association with increase risk for ischemi c stroke,
with OR of 1.474 (95%C I: 1.170 - 1.858, P = 0.00 1) and 1.642 (95%CI: 1.296 - 2.080,
P<O.OOI) for heterozygo us CT and homozygous TT, respectively. For the MTHFR c.
I298A >C variant, the heterozygous AC genotype assoc iated with lower risk for ischemic
stroke (OR: 0.8 15, 95%C I: 0.664 - 0.970, P=0.023).

Analyses of estimated haplotype frequency
The MTHFR c.677C>T and c. 1298A>C variants are in linkage disequil ibrium (r2>0 .8)
based on the data from the HapMap project (CHB population) by using Haploview
so ftware versio n 4.1. To further validate the results from the genotype analysis, the
haplotype between these two variants were permuted, as shown in table 5.2. The
haplotype analyses showed that the 677T- 1298A haplotype was assoc iated with a
marginal 1.138-fold increased risk for ischemic stroke (95%C I: 1.003 to 1.292, P =
0.045) .
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Tabl e 5.1 Genotype distributions of MTHFR c.677C>T and c.l298 A>C variants in
ischemic stroke patient s and contro l subjects

Genotype

Stroke
(n=1429)

NC
OR (95%CI)
(n=1171)

P-value

677C>T
CC

174

207

CT

rr

663
592

535
429

1.474 (1.170 -1.858)
1.642 (1.296 - 2.080)

0.001
< 0.001

CTm

1255

964

1.549 (1.245-1.927)

< 0.001

1.245 (1.112-1.393)

<0.001

0.023

Allele Frequency .
C

35.4%

40.5%

T

64.6%

59.5%

1298A>C
AA

1129

880

AC

277

269

0.803 (0.664 - 0.970)

CC

23

22

0.815 (0.451 - 1.472)

0.497

300

291

0.840 (0.669 - 0.966)

0.020

0.826(0.700- 0.975)

0.024

AC/CC

Alle le Frequency.

A

88.7%

86.6%

C

11.3%

13.4%
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Table 5.2 Distribution of haplotype frequencies

for MTHFR c.677C>T and

c.1298A>C variants in ischemic stroke and contro l subjects
Haplotype
Frequencies

OR (95%CI)

P-value

297

1.014
(0.84 1 - 1.224)

0.882

1769

1377

1.138
(1.003 - 1.292)

0.045

11

16

0.609
(0.281 - 1.322)

(J. 2(J(J

Stroke
(2n=2,858)

NC
(2n=2,342)

C-A

737

653

C-C

340

T-A
T-C

MTFHR c.677c.1298
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Discussion

In the present study, two common variants, AITHFR c.677C>T and c. 1298A>C , were

genotyped in 1,429 ischemic stroke patients and 1,171 controls from Chinese Han
popul ation in Henan province. The results suggest that: I) the i'vITHFR is associated with
ischemi c stroke in the Chinese Han population, and MTHFR c. 677C>T variant is a risk
factor; 2) the MTHFR c. 1298A>C variantis more likely to play the role of a genetic
marker than a causative variant in association with ischemic stroke; and 3) the MTHFR c.
677T- 1298A is a risk haplotype for ischemic stroke in the Chinese Han populati on.

The MTHFR c.677C>T variant is an extensively studied genetic variant in ischemi c
stroke. A recent meta-analysis pooled data from six previous meta-analyses and twelv e
case-control studies on the associa tion between MTHFR c.677C>T variant and stroke.
Two of the case-control studies and four of the meta-analyses associated the AfTHFR
c.677T allele with stroke, while the other ten case-control studies and four meta-analyses
failed to validate any associa tion (Bersano et al. 2009) . These inconsistent result s may
result from stroke hetero geneity, population admixture and sample bias.

The T allele frequency of MTHFR c.677C>T variant varies among differ ent ethnic
popul ations. According to the HapMap databas e, the T allele varies from 0.10 in the YRI
(Yoruba in Ibadan) population, 0.24 in the CEU (Ca ucasian of European descent)
popul ation to 0.48 in the CHB (Chinese Han Beijing) population. The T allele frequency
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also showed differences within the same ethnic population. In Caucasians, the T allele
frequency was reported as 0.33 in Portuguese (Castro et al. 2003), 0042 in Spanish
(Guillen et al. 200 I), and 0044 in Italian (Botto et al. 2000) populations. In the Asia n
popul ations, the T allele frequency was shown to be 0040in Japanese (Ko hara et aI2 003),
and 0044 in Korean (Kim et al. 2007) and Chinese Han populations (Li et al. 2003) . The T
allele of the MT HF R c.677C>T variant in our study presented a much higher frequency
compared with that in a previous reported Chinese study (0.60 vs.OA4) (Li et al. 2003), of
which the studied subjec ts were collected from seve ral provinces across China. A recent
study also reported significan t ethnic and regional variations concerning the frequency of
MTHFR c.677C>T variant in Chinese (P<O.OI) (Mao et al. 2008). In the publi shed

studies , which showed an assoc iation between the MTHFR c. 677C>T variant and
ischem ic stroke, the T allele usually was a minor allele. Interestingly in the present study,
the T allele, as the major allele, was also associa ted with increase d risk for ischemic
stroke . This indicates that the MT HFR c.677C>T is a risk varia nt for stroke, but its effect
may be modifi ed by genetic or environmental effects which vary among different ethnic
popul ations..

The MTHFR c.1298A>C varia nt can reduce MTHFR enzyme activity in in vivo (van der
Put et al. 1998, Weisberg et al. 1998) and in vitro (Weis berg et al. 200 1) experiments,
although to a lesser extent than the MTHFR c.677C>T variant. However, the impact of
the MTHF R c.1298A>C variant on plasma homocysteine levels remain unclear. Previous
studies reported that this variant either did not affect the homocysteine levels, or was
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assoc iated with elevated or even reduced homocysteine levels (van de r Put et al. 1998,
Friedma n et al. 1999, Lievers et al. 200 1, Castro et al. 2003) . Our result sugges ts that the
heterozygous AC genotype associates with lower risk for ischemi c stroke, which
contradicts previous studies (Sazc i et al 2006, Kim et al 20 10). A Korean study indicated
that MTHFR 1298AC (OR: 1.734, 95%C I: 1.13 to 2.66) and AC/CC genotypes (OR;
1.825, 95%C I: 1.20 to 2.78) were assoc iated with moderately increased risk for silent
brain infarc tion in the Korean population (Kim et al. 20 I0). Another study indicated that
the homozygous CC genotype was strongly assoc iated with ischemi c stroke in a Turkish
popul ation based on genotyping of 92 cases and 259 controls (OR: 2.950, 95%C I: 1.504
to 5.786, P=O.OO I) (Sazc i et al. 2006). Combining our findings with previous studies, we
consider the MTHFR c.1298A>C variant to be a marker in linkage disequilibrium with a
causative variant rather than a functional variant responsible for ischemic stroke. Further
studies are needed to elucidate the relationship between the MTHFR c.1298A>C variant
and homocysteine metabolism.

The MTHFR c.677C>T and c.1298A>C variants are known to occ ur in linkage
disequ ilibrium. The haplotype of 677T-1298A, in the present study, was present at
signific antly increased prevalence in ischemic stroke patients, and it, therefore, could be
regarded as a risk haplotype for ischemic stroke in the Chinese Han popul ation.

Conclusion
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Our study demon strated that the lvfTHFR is associated with ischemic stroke in the
Chinese Han population . The l'vfTflFR c. 677C>T variant is a risk factor in this
assoc iation. The MTHFR c. 1298A>C variant is a genetic marker rather than a cau sative
variant in ischemic stroke. Target sequencing the l'vfTHFR locus with next-generation
techn ology may help identif y the causative variants.

Conflicts of interest
No conflicts of interest occurred in this study.
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Chapter 6
Conclusion
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6.1 Combined Ana lysis on Associa tion of MTHFR and 9p21 Va riants w ith Ischem ic
Stroke

A total of 1,429 patients and 1,166 control subjec ts were successfully genotyped for all
six variants examined in the two studies described in chapter 4 and 5. To assess if any
increased risk occ urs for coexis tence of risk alleles in 9p2 1 locus and MTHFR gene. we
selected two variants showed assoc iation with ischemic stroke in chapter 4 and 5,
rs2308207 from 9p2 l locus and MTHFR c.677C>T (rs I 80 1133), respecti vely. We
performed the

'"I: analysis and the results were shown in Table 6. 1. With the presence of

both risk allele carrie rs from the two variants, the ORs exceed 2.0, which are greater than
ORs of the two risk alleles, respectively. The ORs for the combined risk genotypes are in
compliance with an additive model when considering their co-effec t on ischemic stroke in
the Chi nese Han popul ation. This suggests that coexis tence of both risk genotypes for
these two variants increased risk for ischemic stroke.
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Table 6.1 Distribution of combin ed genoty pe fre quency of rs2383207 and MTHFR
c.677C>T (rs I80 1133) in str oke patients and contro l subjects

Combined
genotype s

Stroke
(n=1429)

NC
(n=1166)

OR (95%CI)

P-va lue

Rs238320 7/
rs1801133
AA/CC

13

24

AA/CT

78

70

2.057
0.056
(0.974 - 4.347)

A AiTT

63

73

1.593
0.224
(0.749 -3 .388)

AG/CC

79

95

1.535
0.253
(0.734 -3 .211)

AG/CT

278

240

2.138
(1.065 -4.292)

0.029

AG/TT

285

181

2.907
( 1.443-5.855)

0.002

GG/CC

82

86

0.13 I
1.760
(0.840 - 3.688)

GG/CT

307

225

2.5 19
(1.255-5.055)

GG/TT

244

172

2.619
0.006
(1.297 -5 .288)

AG+GG/CT+TT 1114(79.8%) 818(70.1%)

0.007

<0.00 1
1.505
(1.260 - 1.796)
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6.2 Conclusion

Stroke is a compl ex disease with multipl e risk factors. Animal, familial and twin studies
indicate genetic involvement in stroke predisposition. However, the causative var iants
remai n undetermin ed. Our study confirms the genetic assoc iation of variants within the
MrHFR and the chromosome 9p2 1 locus with ischemic stroke in the Chinese Han
popul ation. With our results, we conclude:

I . The chromoso me 9p2 1 locus is assoc iated with ischemic stroke in the Chinese
Han population at SNP and Haplotype levels. Our result reduces the candidate
region to 28 kb in the Chinese Han population;

2. The MTHFR is assoc iated with ischemic stroke in the Chinese Han
population: a) The MrHFR c. 677T variant is a risk allele, and its effect co uld
be modifi ed by genetic or environmental factor(s) which vary among different
ethnic population; b) The MrHFR c. 1298A>C variantis more likely to play
the role of a genetic marker than causative variant in association with ischemi c
stroke; c) The MrHFR c. 677T- 1298A is a risk haplotype for ischemic stroke
in the Chinese Han population;

3 . The presence of risk alleles from both the 9p2 l candidate locus and MrHFR
(MrHFR c. 677C>T) confer an additive effect for increased risk of ischemic
stroke in the Chinese Han populatio

76

References

Ada ms HP , Jr. , Bend ixen BH, Kapp elle LJ, Biller J, Love BB , Gor do n DL , Marsh EE ,
3d. Class ifica tion of subtype of acute ischemic stroke. Definiti on s for use in a multi cent er
clinic al tria l. TOAS T. Tri al of Or g 10,172 in Ac ute Stro ke Tr eatme nt. Stroke 1993,
24 :35 -4 1.

Am brose JA, Barn a RS. The path oph ysiology of cigarett e smo king and cardio vascul ar
disease: An upd ate. Journal ofthe American College of Cardiology 2004; 43( 10): 1731 1737 .

Ame rican Heart Ass oc iation. Heart and Stro ke Facts Statistics : Dallas: Ame rica n Heart
Assoc iatio n 1997 .

Ame rican Heart Assoc iation. Heart Disease and Stroke Statistics-2004 Upda te. Dallas.

7'ex: America n Heart Association; 2003.

Ande rse n KK, Ande rse n ZJ, Olsen TS. Age- and Gend er- Spec ific Prevalen ce o f
Ca rdiovasc ular Risk Fact or s in 40 102 Patient s With First-Eve r Ischemi c Stro ke : A
Na tionw ide Dani sh Study . Stroke 20 10; 41: 2768 - 2774.

77

Asc herio A, Rimm EB, Hem an MA, Giova nnucci EL, Kawachi 1, Stampfer MJ , Willett
WC. Intake of potassium , magnesium , calc ium , and fiber and risk of stroke amo ng US
men . Circulation 1998; 98: 1198 - 1204.

Atria l Fibrillatio n Investigators: Atrial Fibrillation, Aspirin, Anticoag ulation Study;
Boston Area Anticoa gulation Trial for Atrial Fibrillation Study; Canadian Atrial
Fibrillation Ant icoagulation Study; Stroke Preventi on in Atrial Fibrillation Study ;
Veterans Affairs Stroke Prevention in Nonrh eum atic Atrial Fibrillation Stud y. Risk
fact ors for stroke and efficacy of antithromboti c therap y in atrial fibrillation : analysi s of
pooled data from live randomi zed controlled trial s. Archives of Internal Medicine.
1994 ; 154 : 1449-14 57.

Austin RC, Lentz SR, Werstuck GH.

Role of hyperhom ocysteinemi a in endo thelia l

dysfunction and atherothrombotic disease. Cell Death and Differentiation. 2004; II : S56S64 .

Ay H, Benn er T, Arsava EM, Furie KL, Singhal AB, Jensen MB, Ayata C, To wfighi A,
Smith EE, Chong JY , Koro shetz WJ, Sorensen GA . A Computerized Algorithm for
Etiologic Class ification of Ischemic Stroke: The Causative Class ification of Strok e
System. Stroke 2007; 38; 2979-2984 .

78

Baird AE, Warach S. Mag netic resonance imaging of acute stroke. Journal (?( Cerehral

Blood Flow Metabolism 1998; 18: 583 - 609 .

Bak S, Gais t D, Sindrup SH, Skytthe A, Chris tensen K. Genetic liabilit y in stroke: a longterm follow- up study of Danish twin s. Stroke 2002; 33: 769 -774 .

Bang O Y, Saver Jl. , Liebeskind DS, Pineda S, Ovbiagele B. Associ ation of serum lipid
indic es with large artery atherosclerotic strok e. Neurology 2008; 70: 841 - 847 .

Bansal S. Buring .IE, Rifai N. Mora S, Sack s FM and Ridkcr PM, Fasting co mpared with
non fasting triglyce rides and risk of cardiovasc ular eve nts in wo men. JAMA 2007; 298 :
309 -316.

Berger K, Aja ni UA, Kase CS , Gaz iano .1M, Burin g .IE, Glynn R.I, Henn ekens CI-I. Lightto-mo derate alcohol consumption and risk of stroke among U.S. male physicians. New

England Journal (if Medicine 1999; 341 : 1557 - 1564.

Bersano A, Ballabio E, Bresolin N, Candelise L. Genetic Polymorphisms for the Study of
Multifa ctorial Stroke . Human Mutation 2008 ; 29(6): 776 - 795.

79

Bishop DT, Dcmcnai s F, lies Mi'd, llarl and M, Taylor .Ic, Corda E, Randcr son-Moor .I,
Aitke n .IF, Avri l MF, Aziz i E, Bakker B, Bianchi-Scarra G, Bressac-de Pailleret s B,
Calista D, Cannon-Albright LA, Chin-A-Woc ng '1', Dcbniak '1', Ga lorc-l laskel G, Ghior zo
P, Gut I, Hansso n J, Hocevar M, Hoiom V, Hopp er .IL, Ingvar C, Kanet sky PA, Kelford
RF, Landi MT, Lang .I, Lubinski .I, Mackie R, Malvchy .I, Mann GJ, Marti n NG,
Mont gomer y G W, van Nieuw poo rt FA, Novakovic S, Olsson II, Puig S, Weiss M, van
Workum W, Zclcnika D, Brown KM, Goldstein AM, Gillandcrs EM, Boland /\ , Galan 1',
Elder DE, Grui s NA, Hayward NK, Lathrop GM, Barrell JH, Bishop .IA. Genom e-wide
association study identifie s three loci associ ated with melanoma risk. Nature Genetics
2009; 41 : 920-925.

Boger RH. The eme rging role of asymmetric dimeth ylarginin e as a novel cardiovasc ular
risk factor. Cardiovascular Research 2003; 59: 824 - 833.

Bonit a R, Duncan J, Truel sen T, Jack son RT, and Beaglehole R. Passive smo king as well
as ac tive smo king increases the risk of acute stroke. Tobacco Control. 1999 ; 8: 156 - 160.

Bonit a R, Mendi s S, Truel sen T, Bogou ss1avsky J, Too le J, Yatsu F. The global stroke
initi ative. Lancet Neurology 2004 ; 3: 39 1- 393.

80

Bonita R, Solomon N, Broad 18 . Prevalence of stroke and stroke-related disabilit y:
estimates from the Auckland stroke studies. Stroke 1997; 28: 1898 - 1902.

Bostom AG, Rosenberg IH, Silbershatz H, Jacque s PF, Selhub J. 0 ' Agostino RB, Wilson
PW. Wolf PA. Nonfasting Plasma Total Homocysteine Levels and Strok e Incidence in
Elderly Persons: The Framingham Study. Annual Internal Medicine 1999; 131 : 352 355.

Briscoe 0 , Stephen s JC, O'Brien SJ. Linkage disequilibrium in admixed population s:
applic ation s in gene mappin g. Journal of Heredity 1994; 8: 59 - 63.

Broder ick J, Brott T, Kothari R, Miller R, Khoury J, Pancioli A, Gebel J, Mills D.
Minneci L. Shukla R. The Greater CincinnatilNorthem Kentuck y Stroke Study :
preliminary fi rst-ever and total incidence rates of stroke among blacks. Stroke 1998; 29:
415 -42 1.

Brown RD, Whisnant JP, Sicks JD, O' Fallon WM, Wiebers DO. Stroke incidence,
prevalence, and survival: secular trends in Rochester, Minnesota, throu gh 1989. Stroke
1996; 27( 3):373 - 380.

Brownl ee M. Biochemi stry and molec ular cell biolog y of diabetic complications. Nature
200 1; 414(13): 813 - 820 .

81

Burch fi el CM, Curb JD , Rodri guez BL, Abbott RD , Chiu 0 , Yano K. Glucose intolerance
and 22-yea r stro ke incid ence: the Honolulu Heart Program . Stroke 1994; 25 : 95 1-95 7.

Caro 11, Huybrechts KF, Duchesne I. Management Patterns and Cos ts of Ac ute Ischem ic
Stroke: An Intern ational Study. Stroke 2000; 3 1: 582 -590 .

Chapman N H, Wij sman EM. Genome screens using linkage disequilibrium tests: optima l
mark er chara cteri stics and feasibility. American Journ al of Human Genetics 1998 ; 63:
1872 -188 5.

Champe PC and Harvey RA. "Bioch emi stry. Lippinc ott's Illustrated Review s" 4th ed.
Lippinco tt William s and Wilkins, 2008

Chen J M. Zheng HF, Bei rx, Sun LD, Jia WH, Li T, Zhang FR, Seielstad M, Zeng YX,
Zhang XJ, Liu 11.Genetic Structure of the Han Chinese Popul ation Revealed by Genomewide SN P Variation. The American Journal of Human Genetics 2009 ; 85 : 775 - 785.

Chen XM. Xinde W, Mingxun T, Yupu G, Yonglian Z. Epidemiology of ce rebrovasc ular
diseases. Cerebrovascular Diseases. Chinese Sc ience and Technology Publi shin g Hou se
1993.

82

Cheng X, Shi LS, Nie SF, Wang F, Li XC, Xu CQ, Wang PY, Yang BF, Li QX, Pan ZW,
Li Y, Xia H, Zheng CH, Ke YH, Wu YX, Van XX, Yang Y, Xia N, Yao R, Wang BB,
Ma X, Zeng QT, Tu X, Liao YH, Wang QK. The Same Chromosome 9p21.3 Locus Is
Assoc iated With Type 2 Diabetes mellitu s and Coronary Artery Disease in a Chinese Han
Popul ation. Diabetes mellitus 20 11; 60(2): 680 - 684.

Cheng XM, Ziegler DK, Lai YC, Li SC, Jiang OX, Du XL, Wang WZ, Wu SP, Bao SO,
Bao QJ. Stroke in China, 1986 through 1990. Stroke 1995; 26: 1990 - 1994.

Colditz OA, Bonita R, Stampfer MJ, Willett WC, Rosner B, Speizer FE, and Hennek ens
CH. Cigare tte smoking and risk of stroke in middle-aged women. New England Journal

ofmedicine 1988; 318( 15): 937 - 94 1.

Crawford DC, Nickerson DA. Definit ion and Clinical importance of haplotypes. Annual
Reviews ofMedic ine 2005 ; 56: 303 - 320.

Cro nin S, Furie KL, Kelly PJ. Dose-related association of MTH FR 677T allele with risk
of ischemi c stroke: evidence from a cumulative meta-analysis. Stroke 2005; 36 : 158 11587.

83

Cunnington

MS,

Keavney

B.

Genetic

mechani sms

mediatin g

atheros cle rosis

susceptibility at the chromoso me 9p2 1 locu s. Current Atheroscle ros is Reports 20 11; 13:
193 - 20 1.

Daly MJ, Rioux JD , Schaff ner SF, Hudson TJ, Lander ES. High-r esoluti on haplotype
struc ture in the human genome. Nature Genetics 200 I ; 29: 229 - 232 .

Dayal S, Botti glieri T, Ami ng E, Maeda N, Malinow MR, Sigmund CD, Hei stad DD.
Faraci FM, Lentz SR. Endothelial dysfunction and elevation of S-adeno sylhomocystein e
in cys tathionine b-synthasedeficient mice. Circulation Research 200 1; 88 : 1203 - 1209.

Dewey HM, Thrift AG , Mihalopoulos C, Carter R, Macdonell RAL , McNeil JJ Donn an
GA . Cost of stro ke in Australia from a socie tal perspective: result s from the No rth East
Me lboume Stroke Incidence Study (NEMES IS). Stroke 200 1; 32: 2409 - 24 16.

Dichgans M. Genetics of ischaemi c stroke. Lancet Neurology 200 7; 6: 149 - 161 .

Ding H, Xu YJ, Wang XJ, Wang Q, Zhang L, Tu TC, Yan JT, Wang W, Hui RT, Wang
CY and Wang DW . 9p2 1 is a Shared Susceptibility Locus Strongly for Coro nary Artery
Disease and Weakl y for Ischemi c Stroke in Chinese Han Popul ation Cardiovasc ular

Genetics 2009; 2; 338 - 346 .

84

Dimag l U, ladecola C, Moskowitz MA. Pathobiology of ischaem ic stroke: an integrated
view . Trends in Neurosci ences 1999; 22: 39 1 - 397.

Djou sse L, R. Ellison C, Beiser A, Scaramucci A, D'Agosti no RB and Gorelick PB,
Rodin MB, Langenberg P, Hier DB, Costigan 1. Weekly alcohol cons umption, cigarette
smokin g, and the risk of ischemic stroke: results of a case-co ntro l study at three urban
medica l cente rs in Chicago, Illinois. Neurology. 1989;39: 339 - 343.

Donnan GA, Fisher M, Macleod M, Davis SM. Stroke . Lancet 2008; 371 (9624): 16121623.

Du RF, Xiao CJ, Cava lli-Sfo rza LL. Genetic dista nces calcu lated on gene freque ncies of
38 loci. Scie nces China 1997; 40: 613 -614.

Eberhardt RT, Forgione MA, Cap A, Leopo ld JA, Rudd MA, Trolliet M, Heydrick S,
Stark R, Klings ES, Mo ldovan NI, Yaghoubi M, Goldschmidt-Clennont PJ, Farber HW,
Cohen R, Losca lzo 1. Endothelial dysf unction

in a murine model

of

mild

hyperhomocyst(e)inemia . Journa l ofClinical Investigation 2000; 106: 483 - 49 1.

Ebrahim S. Sung J, Song YM, Ferrer R, Lawlor DA. Smith GD. Serum cholestero l,
haemorrhagic stroke, ischaemic stroke , and myocardia l infarction: Korean nationa l health
system prospective cohort study. BMJ doi: I0.1 I36/bmj .38855.6 10324 .80.

85

Eikelboom JW , Hankey OJ, Anand SS, Lofthouse E, Staples N, Baker RI. Associa tion
Betwee n High Homocyst(e)ine and Ischemic Stroke due to Large and Sma ll-Artery
Disease but No t Other Etiologic Subtypes of Ischemic Stroke. Stroke 2000 ; 31: 1069 1075.

European cardiovasc ular disease statistics 2008. European Heart Netwo rk, Brussels ,
2008.

Falchi M, Bataille V, Hayward NK , Dull y DL, Bishop .lA, Pastinen T, Cer vino A, Zhao
ZZ, Deloukas P, Sora nzo N, Elder DE, Barrett .III, Martin NG, Bishop DT, Montgome ry
GW and Spector TO. Genome-wi de assoc iation study identifies variants at 9p2 1 and
22q 13 associate d with development of cutaneous nevi. Nature Genetics 2009; 41: 9 159 19.

Falco ner OS, Mackay TFe. Introduction to Quantitative Genetics 4 th edition (1996).
Harlow , Essex, UK: Addison Wesley Longman.

Fang X H. Epidemiology trend, risk factor study and preventive mode l of stroke. In:
Theory and practice for cerebrovasc ular diseases. Ling F, ed. Beijin g: People' s Health
Publishing House 2006 : 23-32.

86

Fei XT. The Pattern of Diversity in Unity of the Chinese Nation. Central Univ. for
Nationalities Press, Beijin g, 1999.

Feigin VL, Lawes CM, Bennett DA, Anderso n CS. Stroke epidemiology : a review of
population-b ased studies of incidence, prevalence, and case-fatality in the late 20th
century. Lance t Neuro logy 2003; 2: 43-5 3.

Flossma nn E, Schulz UG, Rothwell PM. Systematic review of methods and result s of
studies of the genetic epidemiology of ischemic stroke. Stroke 2004; 35: 2 12 - 227 .

Foulkes MA, Wol f PA, Price TR, Mohr .JP, Hier DB. Thc stroke data bank : design,
methods, and base line characteristics. Stroke 1988 ; 19: 547 - 554.

Freiberg .JJ, Tybjrerg-Hansen A. .Jensen .JS, Nordcstgaar d BG. Non-fasting triglyccrides
and risk of ischemic stroke in the genera l population. .lAMA 2008; 300: 2 142 - 2 152.

Friedman G, Goldschmidt N, Friedlander Y, Ben-Yehud a A, Selhub J, Babaey S, Mendel
M, Kidron M, Bar-On H. A common mutation A1298C in human
methylenetetrah ydrofolate reductase gene: assoc iation with plasma total homocysteine
and folate concentrations. Jou rna l ofNutrition 1999; 129:1656-61.

87

Fross t P, 810m HJ, Milos R, Goyette P, Sheppard CA, Matthews RG, Boers GJH , den
Heijer M, Kluijtmans, LAJ, van den Heuvel LP and Rocen R. A candidate genetic risk
factor for vasc ular disease: A common mutation in methylenetetrahydrofolate reductase.
Nature Genetics 1995; 10:111-11 3.

Furie KL, Kasner SE, Adams RJ, Albers GW, Bush RL, Fagan SC, Halperin JL, Johnston
SC, Katzan I, Kernan WN, Mitchell PH, Ovbiagele B, Palesch YY, Sacco RL, Schwamm
LH, Wasse rtheil-Smoller S, Turan TN, Wentwo rth D. Guidelines for the Preventi on of
Stroke in Patients With Stroke or Transient Ischemic Attack: A Guideline for Healthcare
Professionals From the American Heart Associa tion/A merica n Stroke Assoc iation. Stro ke
20 11; 42 : 227 - 276.

Gau GT, Wright RS. Pathophysiology, Diagnosis, and Management of Dyslipid em ia.
Current Problems in Cardiology 2006; 3 1: 445 - 486.

Ge JX, Wu SD, Chao SJ. The Migration History of China. Fujian People' s Publishing
House, Fuzhou, China, 1997.

Geddes JM, Fear J, Tennant A, Pickering A, Hillman M, Chamberlain MA. Prevalence of
self reported stroke in a population in northern England. Journ al of Epidemiology of
Community Health 1996; 50: 140 - 143.

88

Gesc hwendtner A, Bevan S, Cole JW, Plourde A, Matarin M, Ross -Adams H, Meitinger
T, Wichman n E, Mitchell BD, Furie K, Slowik A, Rich SS, Syme PD, MacLeo d MJ,
Mesc hia JF, Rosand J, Kittner SJ, Markus HS, Muller-Myhsok B, Dichgans M. Sequence
varia nts on chromoso me 9p2 1.3 confer risk for atherosclerotic stroke. Annals of

Neurology 2009 ;65 : 53 1-539.

Gil J, Peters G. Regulation of the INK4b-AR F-INK4a tumour suppressor locus: all for
one or one for all. Nature Reviews Molecular Cell Biology 2006; 7(9): 667 - 677.

Giles WH, Croft JB, Greenlund KJ, Ford ES, Kittner SJ. Total homocyst(e)i ne
concentratio n and the likelihood of nonfatal stroke : results from the Third National Health
and Nutrition Examination Survey , 1988-1 994. Stroke 1998; 29 : 2473 - 2477.

Giles WH, Kittner SJ, Hebel JR , Losonczy KG, Sherw in RW. Determ inants of blackwhite diffe rences in the risk of cerebral infarction: the National Health and Nutrition
Examination Survey Epidemiologic Follow-up Study. Archiv es (?f Internal Medicine
1995; 155: 1319 - 1324.

Gill JS, Zez ulka AV, Shipley MJ, Gill SK, Beevers DG. Stroke and alcohol consumption.

New England Jo urnal ofMedicine 1986; 315: 104 1- 1046.

89

Gillum RF. Risk factors for stroke in blacks: a critical review. American Journal of

Epidemiology 1999; ISO: 1266 - 1274.

Go AS, Hylek EM, Phillips KA, Chang YC, Henault LE, Selby JV, Singe r DE.
Prevalence of Diagnos ed Atrial Fibrillation in Adults: National Implications for Rhythm
Management and Stroke Prevention : the AnTic oagulation and Risk Factors In Atrial
Fibrillation (ATRIA) Stud y. .lAMA 2001; 285 : 2370 - 2375

Goldstein LB, Adam s R, Mark J. Alberts MJ, Appel LJ, Brass LM, Bushnell CD,
Culebras A, DeGraba TJ, Gorelick PB, Guyton JR, Hart RG, Howard G, Kelly-Ha yes M,
Nixon JV, Sacco RL. Primary prevention of ischemi c stroke: a guideline from the
American Heart Association!American Stroke Association Stroke Council: cosponsored
by the Atherosclerotic Peripheral Vascular Disease Interdisciplin ary Workin g Group;
Cardiovasc ular Nursing Council; Clinical Cardiology Council; Nutrition, Physical
Activity, and Metabolism Council; and the Quality of Care and Outcomes Research
Interdi sciplin ary Workin g Group. Stroke 2006; 37: 1583 - 1633.

Gretarsdottir S, Thorleifsson G, Manolescu A, Styrkarsdottir U, Helgadottir A,
Gschwendtner A, Kostula s K, Kuhlenbumer G, Bevan S, Jonsdottir T, Bjamason H,
Saemundsdottir J, Palsson S, Amar DO, Holm H, Thorgeir sson G, Valdimarsson EM,
Sveinbj ornsdottir S, Gieger C, Berger K, Wichmann HE, Hillert J, Markus I-I, Gulcher
JR, Ringelstein EB, Kong A, Dichgan s M, Gudbjart sson OF, Thorsteinsdottir U,

90

Stefansso n K. Risk variants for atrial fibrillation on chromosome 4q25 assoc iate with
ischemic stroke. Annals ofNeurology 2008; 64: 402 - 409.

Gu D, Reynolds K,

w,

X, Chen J, Duan X, Muntner P, Iluang G, Reynolds

nr, Sli S,

Whelton PK, l ie J. Prevalence, awareness , treatment, and control of hypertension in
China. Hypertension 2002 ; 40: 920 - 927.

Gudbjartsso n DF, Holm H, Gretarsdottir S, Thorleifsson G, Walters GB, Thorgeirsson G,
Gulcher J, Mathiesen EB, Njo lstad I, Nyrnes A, WiIsgaard T, Hald EM, Hveem K,
Stoltenberg C, Kucera G, Stubblefield T, Carter S, Roden D, Ng MC, Baum L, So WY,
Wong KS, Chan JC, Gieger C, Wichmann HE, Gschwendtner A, Dichgans M,
Kuhlenb aumer G, Berger K, Ringelstein EB, Bevan S, Markus HS, Kostulas K, Hillert J,
Svei nbjornsdottir S, Valdimarsson EM, Lochen ML, Ma RC, Darbar D,
Kong A, Arnar DO, Thorsteinsdottir U, Stefansson K. A sequence variant in zfux3 on
16q22 assoc iates with atrial fibrillation and ischemic stroke. Nature Genetics 2009 ; 4 I :
876 -878.

Hand y DE, Loscalzo J. Homocysteine and Atherothrombosis: Diagnosis and Treatment.

Current Atherosclerosis Reports 2003; 5: 276 - 283.

91

Hart RG, Benavente 0 , McBride R, Pearce LA. Antithrombotic therapy to prevent stroke
in patients with atrial fibrillation: a meta-analysis. Annals of Internal Medici ne 1999; 131 :
492 - 501.

Hassan A, Marku s HS. Genetics and ischaemic stroke. Brain 2000; 123: 1784-181 2.

He J, Ogden LG, Vupputuri S, Bazzano LA, Loria C, Whelton PK. Dietary sodium intake
and subsequent risk of cardiovascular disease in overwe ight adults. .lAMA 1999; 282:
2027 - 2034.

Helgadottir A, Thorleifsso n G, Magnusson KP, Gretarsdottir S, Steinthorsdottir V,
Mano lescu A, Jones GT, Rinkel GJ, B1ankensteij n JD, Ronkainen A, Jaaskelainen JE,
Kyo Y, Lenk GM, Sakalihasa n N, Kostulas K, Gottsater A, Flex A, Stefansson H, Hansen
T, Anderse n G, Weinsheimer S, Borch-Johnsen K, Jorgensen T, Shah SH, Quyyumi AA,
Granger CB, Reilly MP, Austin H, Levey AI, Vaccarino V, Palsdottir
E, Walters GB, Jonsdottir T, Snorradottir S, Magnusdottir 0 , Gudmundsso n G, Ferrell
RE, Svei nbjorns dottir S, Hernesniemi J, Niemela M, Limet R, Andersen K, Sigurdsso n G,
Benediktsso n R, Verhoeve n EL, Teijink JA, Grobbee DE, Rader OJ, Coll ier DA,
Pedersen 0, Pola R, Hillert J, Lindblad B, Valdimarsso n EM, Magnadottir HB, Wijm enga
C, Trom p G, Baas AF, Ruigrok YM, van Rij AM, Kuivaniemi H, Powell JT, Matthi asson
SE, Gulcher JR, Thorgeirsson G, Kong A, Thorsteinsdottir U, Stefansso n K. The same
sequence varia nt on 9p2 1 assoc iates

92

with myocardial infarction, abdominal aortic aneurysm and intracrani al aneurysm. Nature

Genetics 2008 ; 40 : 217-224.

He FJ, MacGrego r GA. Effect of longer-term modest salt reduction on blood press ure.

Cochrane Database Systema tic Reviews 2004 ; (3) : CD004937 .

Heuschmann PU, Heidrich J, Wellmann J, Kraywinkel K, Kei U. Stroke mortality and
morbid ity attributable to passive smoking in Germany. Europea n Journal of

Cardiovascular Prevention and Rehabilitati on 2007; 14: 793 - 795.

Hier DB, Foulkes MA, Swiontoniowski M, Sacco RL, Gorelick PB, Mohr JP, Price T R,
Wolf PA. Stroke recurrence within 2 years after ischemic infarction . Stroke 1991; 22: 155
- 16 1.

Hill WG, Robertson A. Linkage disequi librium in finite populations. Theoretica l
Application in Gene tics 1968; 38: 226 - 23 1.

I-1 illbom M, Numminen I-I, Juvela S. Recent heavy drink ing of alcohol and embolic
stroke. Stroke 1999; 30: 2307-23 12.

93

Hillen T, Cos hall C, Tilling K, Rudd AG, McGovern R, Wolfe CDA. Cause of stroke
recurrence is multifactorial: pattern s, risk factors, and outcomes of stroke recurrence in
the South London Stroke Register. Stroke 2003; 34: 1457 - 1463.

Hofmann MA, Lall E, Lu Y, Gleason MR, Wolf 13M, Tanji N, Ferran LJ, Jr., Kohl B, Rao
V, Kisiel W, Stem OM, Schmid t AM. Hyperhomocysteinemia enhances vasc ular
inflam matio n and acce lerates atheroscleros is in a murine model. Journal of Clinical

Investigation 200 1; 107: 675 - 683.

Homocysteine Studies Collaboration. Homocysteine and risk of ischemi c heart disease
and stroke: a meta-analysis. .lAMA 2002; 288: 20 15 - 2022.

Hossmann KA. Viability thresholds and the penumbr a of focal ischemia. Annals of

Neurology 1994; 36: 557-565 .

Hu WL, Li SJ, Liu DT, Wang Y, Niu SQ, Xinchun Yang, Qi Zhang, Yu

sz, Jin L, Wang

XF. Genetic variants on chromosome 9p2 1 and ischemic stro ke in Chinese . Brain

Research Bulletin 2009 ; 79(6): 43 1- 435.

lkram MA, Seshadri S, Bis JC, Fornage M, DeStefano AL, Aulchenko YS, Debette S,
Lumley T, Folsom AR, van den Herik EG, Bos MJ, Beiser A, Cushman M, Launer LJ,
Shahar E, Struchalin M, Du Y, Glazer NL, Rosamond WD, Rivadeneira F, Kelly-Hayes

94

M, Lopez OL, Cores h J, Hofman A, DeCarli C, Heckbert SR, Koudstaal PJ, Yang Q,
Smith NL, Kase CS, Rice K, Haritunians T, Roks G, de Kort PL, Taylor KD, de Lau LM,
Oos tra BA, Uitterlinden AG, Rotter JI, Boerwinkle E, Psaty 13M,
Mos ley TH, van Duijn CM, Breteler MM, Longstreth WT Jr, Wolf PA. Genomew ide
associa tion studies of stroke. New England Journal of Medicine 2009; 360 : 1718 - 1728.

Iso H, Jacobs DR, Jr., Wentworth D, Neaton JD, Cohen JD. Serum cholestero l levels and
six-yea r mortality from stroke in 350,977 men screened for the Multiple Risk Factor
Intervention Trial. New England Journal of Medicine 1989; 320 : 904 - 9 10.

Jak ubowski II, Zhang L, Bardeguez A. Aviv A. Homocysteine thiolaetone and protein
homocystei nylation in human endothelia l cells: implications for atheroscleros is.
Circ ulation Research 2000; 87: 45-5 I .

Ja mrozi k K, Broadhur st RJ, Anderson CS, Stewart-Wynne EG. The role of lifestyle
factors in the etiology of stroke: a population-based case-control study in Perth, Western
Austra lia. Stroke 1994; 25: 51-59.

Jarinova 0 , Stewa rt AF, Roberts R, Wells G, Lau P, Naing T, Buerki C, McLean BW,
Coo k RC, Parker JS, McPherson R. Functional analysis of the chro moso me 9p21.3
coro nary arte ry disease risk locus. Arteriosclerosis Thrombosis and Vascular Biology
2009; 29: 1671 - 1677.

95

Johansson BB. Hypertension mechanisms causing stroke. Clinical and Experimental

Pharmacology and Physiology 1999; 26: 563- 565

Jood K, Ladenvall C, Rosengren A, Blomstrand C, Jern C. Family History in Ischemic
Stroke Before 70 Years of Age: The Sahlgrenska Academy Study on Ischemi c Stroke.

Stroke 2005 ; 36: 1383 - 1387.

Jorde LB. Linkage disequilibrium as a gene-mapping tool. American Journal of Human
Genetics 1995; 56: 11-14.

Jous ilahti P, Rastenyte D. Tuomilehto J. Sarti C, Vartiainen E. Parental history of
cardiovasc ular disease and risk of stroke: a prospective follow-up of 14,371 middl e aged
men and women in Finland. Stroke 1997; 28: 1361-1366.

Kannel WB, McGee DL. Diabetes mellitus and cardiovascular disease: the Framingham
study. .lAMA 1979; 24 1: 2035-2038.

Kaplan NL, Martin ER, Weir BS. Power studies for transmission/disequilibrium tests
with multiple alleles. American Journal of Human Genetics 1997; 60: 69 [-702.

96

Karapanayiotides T, Piechowski-Jozwiak B, van Melle G, Bogousslavsky J, Devuyst G.
Stroke patterns, etiology, and prognosis in patients with diabetes mellitus mellitu s.
Neurology . 2004; 62: 1558 - 1562.

Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J. Global burden of
hypertension: ana lysis of worldwide data. Lancet 2005; 365 : 2 17 - 223 .

Kiely DK, WolfP A, Cupples LA, Beiser AS, Myers RH. Familial aggregation of stroke:
the Framingham Study. Stroke 1993; 24: 1366 - 1371.

Kim WY, Sharpless NE. The regulation of INK4 /AR F in cancer and aging. Cell 2006 ;
127(2): 265 - 275.

Kleindorfer DO, Khoury J, Moomaw CJ, Alwell K, Woo D, Flaherty ML, Khatri P,
Adeoye 0 , Ferioli S, Broderick JP, Kissela BM. Stroke Incidence Is Decreasi ng in Whites
But Not in Blacks: A Population-Based Estimate of Temporal Trends in Stroke Incidence
From the Greater Cincinnati/No rthern Kentucky Stroke Study. Stroke 20 10; 41: 1326 133 1.

Kore n-Morag N, Tanne D, Graff E, Goldbourt U. Low- and high-density lipop rotein
cholestero l and ischemic cerebrovasc ular disease: the bezafibrate infarction preventi on
registry. Archives ofInternal Medicine 2002; 162: 993 - 999.

97

Kul CS, Loyl EY, Pawitan Y, Chia KS. The pursuit of genome-wide association studies:
where are we now? Journal of Human Genetics 2010; 55: 195 -206.

Kurth T, Gaziano 1M, Berger K, Kase CS, Rexrode KM, Cook NR, Buring l E, Manson
.lE. Body mass index and the risk of stroke in men. Archives of Internal Medicine 2002;

162: 2557 - 2562

Kwon, 1M, Goate AM. The Candidate Gene Approach. Alcohol Research and Health
2000; 24: 164 - 168.

Lawes CMM, Bennett DA, Feigin VL, Rodgers A. Blood pressure and strok e: an
ove rview of publi shed reviews. Stroke 2004; 35: 776 - 785.

Lee CD, Folsom AR, Blair SN. Physical activity and stroke risk: a meta-anal ysis. Stroke
2003; 34: 2475 - 2481.

LENTZ SR. Mechanisms of homocysteine-induc ed atherothrombosis. Journ al of

Thrombosis and Haemostasis 2005; 3: 1646-1654

98

Lentz SR, Erger RA, Dayal S, Maeda N, Donald MR, Heistad 0 and Faraci FM. Folate
dependence of hyperhom ocysteinemia and endothelial dysfunction in cystathionine bsynthase -defic ient mice. American Journal of Physiology 2000; 278: 970 - 975.

Lentzt SR, Sadler JE. Inhibition of thrombomodul in surface expressio n and protein C
activat ion by the thrombogenic agent homocysteine. Journal of Clinical Investigation
1991; 88: 1906 -1 914.

Leppala JM, Virtamo J, Fogelholm R, Albanes 0 , Heinonen OP. Different risk factors for
different stroke subtypes: assoc iation of blood pressure, cholesterol, and antioxi dants.

Stroke 1999; 30: 2535 - 2540 .

Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-s pecific relevance of usual
blood pressure to vascular mortality: a meta-analysis of individual data for one million
adults in 6 1 prospective studies Lancet 2002; 360 : 1903 - 1913.

Li SC, Schoenbe rg BS, Wang CC, Cheng XM, Bolis CL, Wang KJ. Cerebrovasc ular
disease in the People' s Republ ic of China: epidemiologic and clinical features. Neurology
1985; 35: 1708-1 7 13.

Li ZI-I, Sun L, Zhang HY, Liao YH, Wang OW, and Zhao BR. Elevated Plasma
Homocysteine

Was

Associa ted

With

Hemorrhagic

and

Ischem ic

Stroke,

but

99

Methylenetetrah ydrofolate Reductase Gene C677T Polymorphi sm Was a Risk Factor for
Thrombotic Stroke: A Multicenter Case-Co ntrol Study in China. Stroke 2003; 34: 2085 2209

Liao DP, Myers R, Hunt S, Shahar E, Paton C, Burke G, Province M. Heiss G. Familial
history of stroke and stroke risk: the Family Heart Study. Stroke 1997; 28: 1908-1912.

Lievers Kl , Boers GH, Verhoef P, den Heijer M, Kluijtm ans LA, van der Put NM ,
Trijbels Fl, Blom H1. A seco nd common variant in the methylenetetrahydrofol ate
reductase (MT HFR) gene and its relationship to MTHFR enzyme activity, homocysteine,
and cardiovasc ular disease risk. Journal ofMolecular Medicine 2001; 79:522-8 .

Liu M, Wu B, Wang WZ, Lee LM, Zhang SH, Kong LZ. Stroke in China: epidemiology,
prevention, and management strategies. Lancet Neurology 2007; 6: 456 - 464.

Low HQ, Chen CPLH, Kasiman K, Thalamuthu A, Ng S-S. A Comprehensive
Assoc iation Analysis of Homocysteine Metabolic Pathway Genes in Singa porean Chinese
with Ischemi c Stroke. PLoS ONE 20 11; 6(9): e24757. doi:IO.1371/j oum al.pone.00247 57

Mannami T, Iso I-I, Baba S, Sasaki S, Okada K, Konishi M, Tsugane S. Prospecti ve Study
on Cancer and Cardiovasc ular Disease Group. Cigarette Smoking and Risk of Stroke and

101

Matarin M, Brown WM, Singleton A, Hardy JA, Meschia JF. Whole geno me analyses
sugges t ische mic stroke and heart disease share an assoc iation with polymorph isms on
chromoso me 9p21 . Stro ke 2008; 39: 1586 - 1589.

Mathers CD, Boerma T, Fat OM. Global and regional causes of death . British Medical
Bulletin. 2009; 92: 7 - 32.

McCully KS. Vascular pathology of homoc ysteinemia: implication s for the patho genesis
of arteriosclerosis. American Journal of Pathology 1969; 56: 111-1 28.

Megherb i SE, Milan C, Minier 0 , Couvreur G, Osseby GV, Tilling K, Carlo AD, Inzitari

0 , Wolfe CD, Moreau T, Giroud M. Associa tion between diabetes mellitu s and stroke
subtype on surviva l and functiona l outcome 3 month s after stroke: data from the
Europea n BlOMED Stroke Proj ect. Stroke 2003; 34: 688 - 694.

Mere toja A. Perfect Stroke: performance, effective ness, and costs of treatment episodes in
stroke . Helsink i University print 20 11, ISBN 978-952- 10-6835-5.

Miller SA, Dykes DO, Polesky HF. A simple salting out procedure for extracting DNA
from human nucleated cell s. Nucleic Acids Research 1988; 16 (3): 1215.

102

Minsitry of Health. Chinese Health Statistical Digest 2006. Ministry of Health , People' s
Republ ic of China 2006; 45: 1989 - 2005.

Mueller JC, L5hmu ssaar E, Magi R, Remm M, Bettecken T, Lichtner P, Biskup S,
Thomas l1Iig T, Pfeufer A, Luedemann J, Schreiber S, Pramstaller P, Pichler I, Romeo G,
Gaddi A, Testa A, Wichmann HE, Andres Metspalu, and Thomas Meitinger. Linkage
Disequilibrium Patterns and tagSNP Transferability among Europea n Popul ations.
America n Jo urnal of Human Genetics 2005; 76(3): 387 - 398.

Murray CJL, Lopez AD. Mortality by cause for eight regions of the world : global burden
of disease study. Lancet 1997; 349: 1269 - 1276.

Musunuru K, Post WS, Herzog W, Shen H, O'Co nnell JR , McArdle PF, Ryan KA,
Gibson Q, Cheng YC, Clearfie ld E, Johnson AD, Tof1er G, Yang Q, O' Donnell CJ,
Becker DM, Yanek LR, Becker LC, Faraday N, Bielak LF, Peyser PA, Shuldiner AR,
Mitchell BD. Associa tion of single nucleotide polymorphisms on chromoso me 9p2 1.3
with platelet reactivity: a potential mechanism for increased vascular disease. Circulation
Cardiovascular Genetics 2010; 3: 445 - 453.

Nadare ishvili ZG, Rothwell PM, Beletsky Y, Pagniello A, Norris JW . Long-term risk of
stroke and other vascular events in patient s with asymptomatic carotid artery stenosis.
Archives ofNeurology 2002; 59: 1162 - 1166.

103

Natio nal 8.5 CVD collaborative Group. Community comprehensive preventive study on
cardia l and cerebra l vascular diseases. Chinese Jo urnal ofPrevention Medicine 1998; 32 :

3--4.

Na tional Institute of Neurol ogical Disorders and Stroke CNINDS) (1999). "Stroke: Hope
Through

Research" .

National

Institutes

of

Health.

htlp://www.ninds.nih.gov/disorders/slroke/delail stroke .htm.

No rris JW, Zhu CZ, Born stein NM and Chambers BR. Vasc ular risks of asymptomatic
caro tid stenosis. Stroke 1991; 22: 1485 - 1490.

O'Ma hony PG, Thomson RG, Dobson R, Rodgers H, James OF. The prevalence of stroke
and associa ted disabilit y. Journal ofPublic Health Medicine 1999; 2 1: 166 - 171.

Petty GW, Brown RD Jr, Whisnant JP, Sicks JD, O'Fa llon WM, Wiebers DO. Survival
and recurre nce after first cerebral infarction : a population-based study in Roche ster,
Minnesota, 1975 through 1989. Neurology 1998; 50: 208 - 216.

Phillip s SJ. Pathophysiology and management of hypertension in acute ischemic stroke.
Hypertension 1994; 23:131-136.

104

Plomin R, Owe n MJ , McGuffin P. The genetic basis of complex hum an behaviors.

Science 1994 ; 264 : 1733 - 1739.

Poir ier P, Giles TD, Bray GA, Hong Y, Stem JS, Pi-Sunyer FX, Ecke l RH. Obes ity and
cardiovasc ular disease: pathoph ysiology, eva luation, and effect of weight

loss.

Arterioscl erosis Thrombosis and Vascular Biology 2006; 26: 968-976.

Qian Jia, Xingqu an Zhao, Chunxue Wang, Yilong Wang, Yu Van, Hao Li, Liyong
Zhong, Liping Liu, Huagu ang Zheng, Yong Zhou, and Yongjun Wang. Diabetes mell itus
and Poor Outco mes Within 6 Month s Afte r Acute Ischemic Stroke The China National
Stro ke Registr y. Stroke 20 11; 42: 2758 - 2762.

Ramd as WD, van Koolwijk LM, Ikram MK, Jan sonius NM, de Jong PT, Bergen AA ,
Isaacs A, Arnin N, Aulchcnko YS, Wol fs RC, Hofman A, Rivadencir a F, Oos tra BA,
Uitterli ndcn AG , Hysi P, Hamm ond C.I, Lernij HG, Vingerling JR , Klaver CC, van Duij n
CM.. A genome- wide association study of optic disc parameters. PLoS Genetics 20 10; 6,
e 10009 78.

Reddy KS, Yusuf S. Emerging epidemic of cardi ovascular disease in developin g
co untries. Circulation 1998 ; 97: 596 - 60 1.

105

Rexrode KM, Hennekens CH, Willett WC, Colditz GA, Stampfer MJ, Rich- Edwards JW ,
Speizer FE, Manson JE. A prospective study of body mass index, weight change, and risk
of stroke in women. JA MA 1997; 277: 1539 - 1545.

Risch N. Searching for genes in complex diseases: lessons from systemic lupus
erythematosus. Journal of Clinical Investigation 2000; 105: 1503 - 1506.

Robert A. Hegele, Martin Dichgans. Advances in Stroke 2009 : Update on the Genetics of
Stroke and Cerebrovasc ular Disease 2009. Stroke. 20 I0; 41:e63-e66:

Rodr iguez BL, D' Agostino R, Abbott RD, Kagan A, Burchfiel CM, Yano K, Ross GW,
Silbershatz H, Higgins MW, Popper J, WolfPA, Curb 10. Risk of hospitalized stroke in
men enro lled in the Honolulu Heart Program and the Framingham Study: a comp arison of
incidence and risk factor effects. Stroke 2002; 33: 230 - 236 .

Ropper AH, Brown RH. Adams and Victor' s Principles of Neurol ogy

s" edition (2005).

The McGraw -Hill Compa nies, Inc. 1234567890 DOW/DOW 098765 ISBN : 0-07141620-X

Rosamond W, Flegal K, Friday G, Furie K, Go A, Greenlund K, Haase N, Ho M, Howard
V, Kissela B, Kittner S, Lloyd-Jones D, McDermott M, Meigs J, Moy C, Nichol G,

106

O'Donn ell CJ, Roger V, Rum sfeld J, Sorli e P, Steinberger J, Thorn T, Wasserthi elSmo ller S, Hon g YL. Heart disease and stroke statistics-2 007 update: a report from the
Ame rican Heart Ass ociation Statistics Committee and Stroke Statistics Sub committ ee.

Circulation 2007; 115: 69 -171.

Rosam ond W, Flegal K, Furie K, Go A, Greenlund K, Haase N, Hailp em SM , Ho M,
Howard V, Kissela B, Kittn er S, Lloyd-Jone s D, McDerm ott M, Meigs.l , Moy C, Nich ol
G, O'Donnell C, Roger V, Sorlie P, Steinb erger J, Thorn T, Wilson M and Hong Y. Heart
disea se and stro ke statistics- 2008 updat e: a report from the American Heart As sociat ion
Statistics Co mmittee and Strok e Statistics Subcommittee. Circulation 2008; 117: 25- 146.

Rubattu S, Volp e M, Kreutz R, Ganten U, Ganten D, Lindpa intner K. Chromoso ma l
mappin g of quantit ative trait loci contributing to stroke in a rat mod el of compl ex hum an
disease. Nature Genetics 1996 ; 13: 429 - 434 .

Sacco RL, Boden-Alb ala B, Gan R, Chen X, Kargman DE, Shea S, Paik MC, and Hau ser
WA. Stroke incid ence among white, black, and Hispani c resident s of an urb an
community: the North ern Manhatt an Stroke Study. American Journal of Epidemiology
1998 ; 147 : 259 -268 .

Sama ni NJ, Erdma nn J, Hall AS, Heng stenb erg C, Mangino M, Mayer B,

107

Dixon RJ, Meitinger T, Braund P, Wichmann HE, Barrett JH , Konig IR, Steve ns SE,
Szymcza k S, Tregouet DA, lies MM , Pahlke F, Pollard H, Lieb W, Cambien F, Fischer
M, Ouwe hand W, Blankenberg S, Balmforth AJ, Baessler A, Ball SG, Strom TM,
Braenne I, Gieger C, Deloukas P, Tobin MD, Ziegler A, Thomp son JR, Schunkert H.
Geno mcw ide assoc iation analysis of coronary artery disease. New England Journal of

Medicine 2007; 357: 443 - 453.

Sattclmai r JR, Kurth T, Buring JE, Lee 1M. Physical Activity and Risk of Stroke in
Women , Stroke 20 10; 41:1243 -1 250.

Sanja Stankovic, Nada Majkic- Singh . Genetic Aspects of Ischemic Stroke: Coagu lation,
Homocysteine, and Lipoprotein Metabolism as Potential Risk Factors. Critical Review in

Clinical Laboratory Sciences 2010 ; 47(2): 72-123.

Save lieva I, Bajpai A, Camm AJ. Stroke in atrial fibrillation: Update on pathoph ysiology,
new antithrombotic therapies, and evolution of procedures and devices. Annals of

Medicine 2007; 39: 371-3 91.

Saxena R, Voight BF, Lyssenko V, Burtt N\', de Bakker PI, Chen II, Roix J.I, Kathirc san
S, Hirschhorn .IN, Daly MJ, Hughes TE, Groop L, Altshuler 0 , Almgren P, Florez JC,
Meyer .I, Ardlie K, Bcngtsson Bostrom K, lsornaa 13, Lcttre G, Lindb lad U, Lyon li N,
Melander 0 , Newton-C heh C, Nilsson P, Orho-Melander M, Rastam L, Speliotes EK,

108

Tas kincn ivlR, Tuom i '1',Guiducci C, Berglu nd A, Carlso n J, Gianniny L, Hacket t R, lI all
L, l lolmkvist .I, Laurila E, Sjogren M, Sterner M, Surti A, Svensson M, Svensson M,
Tcw hcy R, Blumcnsticl B, Parkin M, Defelice M, Barry R, Brodeur W, Camarata .I, Chia
N, Fava M, Gibbons J, I-Iandsaker B, Healy C, Nguyen K, Gates C, Sougnez C, Gage 0,
Nizzari M, Gabriel SB, Chirn GW, Ma Q, Parikh II, Richardson D, Ricke D, and Purcell
S. Genome -wide assoc iation analysis identifies loci for type 2 diabetes mellitus and
triglyceride levels. Science 2007; 316,:1331 - 1336.

Sazci A, Ergul E, Nese Tuncer N, Akpinar G and Kara I. Methylenetetrahydrofolatc
reductase gene polymorphisms are associa ted with ischemic and hemorrhagic stroke:
Dual ef fect of MTH FR polymorphisms C677T and A I298C. Brain Research Bulletin.
2006 ;71: 45-50.

Schellinger PO, Fiebach 18 , Hacke W. Imaging-Based Decision Making in Thrombolytic
Therapy for Ischemic Stroke : Present Status. Stroke 2003; 34: 575 - 583.

Schunkert H, Gotz A, Braund P, McGinnis R, Trego uet DA, Mangino M, Linsel-Nitsc hke
P, Camb ien F, Hengstenberg C, Stark K, Blankenberg S, Tiret L, Ducimetiere P, Keniry
A, Ghori M.I, Schrei ber S, El Mokhtari NE, Hall AS, Dixon R.I, Goodall AH, Liptau H,
Pollard H, Schwarz OF, Hothorn LA, Wichmann HE, Konig IR, Fischer M, Meisinger C,
Ouweha nd W, DeIoukas P, Thompson JR, Erdmann .I, Zieg ler A, Sama ni N.I. Repeated

109

repl ication and a prospective meta-analysis of the associa tion between chromoso me
9p2 1.3 and coron ary artery disease. Circulation. 2008; 117: 1675 - 1684.

Schwamm LH, Reeves MJ, Pan WQ, Smith EE, Frankel MR, Olson OW, Zhao X,
Peterson E, Fonarow GC. Race/Ethnicit y, Quality of Care, and Outcomes in Ischemic
Stroke . Circulation 20 10; 121: 1492 - 150 I .

Selhub J. Homocysteine metabolism. Annual Review ofNutrituion 1999; 19: 2 17 - 246 .

Senelick RC, Rossi PW and Dougherty K. (1994). Living with Strok e: A Guide for
Families . Contemporary Books, Chicago. ISBN 0809226073. OCLC 4283516140856888
42835161.

Shea J, Agarwala V, Philippaki s AA, Maguire J, Banks E, DePristo M, Thomson B,
Guiducci C and Onofrio RC. The Myocardial Infarction Genetics Consortium, Sekar
Kathi resan, Stacey Gabriel, Noel P Burtt, Mark J Daly, Leif Groop & David Altshuler.
Comparing strategies to fine-map the assoc iation of common SNPs at chromoso me 9p2 1
with type 2 diabetes mellitu s and myocardial infarction. Nature Genetics 20 I J; 43(8):
801-806.

Sherborne AL, Hosking F.I, Prasad RB, Kumar R, Koehler R, Vijayakrishnan .I,

Papaernmanuil E, Bart ram CR, Stanulla M, Schrappe M, Gast A, Dobbins SE, Ma Y,

110

Sheridan E, Taylor M, Kinsey SE, Lightfoot '1', Roman E, Irving J A, Allan .1M, Moorman
AV, Harrison CJ, Tomlinson II', Richards S, Zimmermann M, Szalai C, Sernsci AF,
Erdclyi DJ, Krajinovic M, Sinnett D, l lcaly J, Gonzalez ciru A, Kawamata N, Ogawa S,
Kocffler HI', Hemminki K, Greaves M, Houlston RS. Variation in CDKN2A at 9p21.3
influences childhood acute lymphoblastic leukemia risk. Nature Genetics 2010; 42: 492494.

Shetc S, Hosking F.I, Robertson LB, Dobbins SE, Sanson M, Maimer B, Simon M, Marie
Y, Boisselier B, Delattrc .IY, Hoang-Xuan K, EI Hallani S, ldbaih A, Zelenika D,
Andersson U, Ilenriksson R, Bergenhcim AT, Feychting M, l.onn S, Ahlbo rn A,
Schramm .I, Linnebank M, Hemrninki K, Kumar R, Hepworth S.I, Price A, Armstrong G,
Liu Y, (i u X, Yu R, I.au C, Schocmakcr M, Muir K, Swerdlow A, Lathrop M, Bondy M,
Iiouiston RS. Genome-wide association study identifies five susceptibility loci for
glioma. Nature Genetics 2009; 41: 899- 904.

Shi FL, Hart RG, Sherman DG, Tegeler CH. Stroke in the People's Republic of China.
Stroke 1989; 20: 1581-1585 .

Stacey SN, Sulem P, Masson G, Gudjonsson SA, Thorleifsson G, Jakobsdottir M,
Sigurdsson A, Gudbjartsson DF, Sigurgeirsson B, Benediktsdottir KR, Thorisdottir K,
Ragnarsson R, Scherer D, l lcrn minki K, Rudnai P, Gurzau E, Koppova K, Borella-

III

Estrada R, So riano V, Ju bcrias P, Saez 13, Gilaberte Y, Fuentclsaz V, Cor rcdcra C, Grasa
M, Hoiorn V, Lindb lom A, Bonenk amp .1.1, van Rossum MM, Aben KK, de Vries E,
Sant inami M, Di Mauro MG, Maurichi A, Wendt .I, l lochlcitner P, Peha mber gcr 11,
Gudmu ndsso n .I, Magnu sdott ir ON, Gre tarsdottir S, Holm II, Steinthorsdottir V, Frigge
M I., Blonda l '1', Sac mundsdottir .I, Bjarnason II, Kristjansson K, Bjornsdottir G, Okam oto
I, Rivo ltini L, Rodol l'o M, Kiemc ney LA, Hansson .I, Nagore E, Mayor domo .II, Kuma r R,
Karagas MR, Ne lson 111 1, Gu lcher .IR, Rafnar '1', Thors tcin sdottir U, Olafsson .III, Kong
A, Ste fansson K. New common variants affecting susceptibility to basal cell carcinoma.

Nature Genetics 200 9; 41 : 909-914 .

Stamler, .1Vacc aro 0 , Neaton .10, Wentworth D. Diabete s mellitu s, oth er risk factors , and
12-yr cardi ovascular mort alit y for men screened in the Multiple Risk Factor Interv ention
Trial. Diabetes mellitus Care 1993; 16: 434 - 444 .

Stankov ic S, Majki c-Singh N. Genetic Aspects of Ischemi c Stroke: Coagulation,
Homocysteine, and Lipoprot ein Metaboli sm as Potenti al Risk Factors. Critical Review in

Clinical Laboratory Sciences 2010 ; 47(2):72-1 23.

Straz zullo 1', D' Elia L, Cairella G, Garba gnati F, Cappuccio FP, Scalfi L. Excess Bod y
Weight and Incidenc e of Stroke: Meta-Anal ysis of Prospective Studi es With 2 Million
Parti cipant s. Stroke 20 10; 41 : 418-4 26.

112

Steve n R. Lentzt and J. Evan Sadler. Homoc ysteine inhibit s von Willeb rand factor
processing and secretion by preventin g transport from the endo plasmic reticulum . Blood
1993; 8 1: 683 - 689.

Stroke Risk in Atrial Fibrillation Workin g Group. Indep endent predi ctors of stroke in
patient s with atrial fibrill ation : a systematic review . Neurology 2007; 69(6) : 546 - 554.

Ta illon-Miller P, Bauer- Sardina I., Sacco ne NL , Putzel J, Laitinen, T, Cao A, Kere, 1.,
Pilia, G., Rice, J.P., Kwok , P.Y. Juxtaposed regions of ex tensive and minim al link age
disequ ilibrium in hum an Xq25 and Xq2 8. Nature Genetics 2000; 25 : 324 - 328.

The Adv isory Council for the Nationa l Institute of Neurological and Co mmunicative
Disorders and Stro ke, National Institutes of Health . A Class ification and Outline of
Cerebrovasc ular Diseases II. Stroke 1975; 6: 564 -616

The Intern ational SNP Map Workin g Gro up. A map of human genome sequence
variation containing 1.42 mill ion single nucleotid e polymorphi sms. Nature 200 I ; 409 :
928 - 933.

The Intern ational Hap Map Conso rtium. The International HapM ap Project. Nature. 2003;
426(6968): 789-7 96.

113

T he Intern ational HapM ap Consortium. A haplotype map of the human genome . Nature.
2005; 437(706 3): 1299-1 320.

T urnb ull C, Ahmed S, Morri son J, Pernet 0, Renwick A, Marania n M, Sea l S, Ghoussai ni
M, Hines S, Hea ley CS, Hughe s D, Warren-Per ry M, Tapper W, Eccles D, Evans DG;
Breast Cancer Susceptibili ty Collaboration (U K), Hooning M, Sc hulte M, van de n
Ou wcland A, Iiouiston R, Ross G, Langford C, Pharoah I'D, Stratton MR, Dunning AM,
Rah man N and Easton DF. Genome-wide association study identifi es fi ve new breast
cance r susceptibility loci. Nature Genetics 2010; 42: 504-5 07.

Turnb ull

F.

Effects

of

di fferent

blood-pr essure-lowerin g

regim en s

on

maj or

ca rdiovasc ular events: result s of prospectively-designed overviews of rand omi zed trials.

Lancet 2003; 362: 1527-1 535.

Ue land PM, Hustad S, Schneede J, Refsum H, Vo llset SE. Biological and clinica l
implicatio ns of the MT HFR C677T polymorphi sm. Trends in Pharmacological Science
200 1;22: 195 - 20 1.

Ueland M, Refsum H, Beresford SAA, and Vollset SE. The contro ver sy over
hom ocysteine and cardiovas cular risk . American Journal of Clinical Nutrition 2000; 72 :
324 -332.

114

Ungvari Z, Csiszar A, Edwards JG, Kaminski PM, Wolin MS, Kaley G, Koller A.
Increased superox ide production in coronary arteries in hyperhomocystein em ia: role of
tumor necros is factor-alpha, NA D(P)H oxidase, and inducible nitric oxide synthase.
Arte riosclero sis Thrombosi s Vascular Biology 2003; 23 : 4 18 - 424.

Vallance

P.

The

asymmetrical

dimethylarginin e/dimethylarginin e

dim ethylaminoh ydrolase pathway in the regulation of nitric oxide production . Clinical
Science 200 1; 100: 159 -160.

van der Put NMJ , Gabree'Ts F, Stevens EMB, Smeitink JAM, Trijbel s rJM , Eskes
TKAB, van den Heuvel LP, Blom HJ. A Second Common Mutati on in the
Methylenetetrahydro folate Reductase Gene: An Additional Risk Factor for Neural-Tube
Defects? American Jo urnal ofHuman Genetics 1998; 62: I044 - 1051.

Villarosa L, Singleton LF, Johnson KA. Black Health Library Guide to Stroke. Henr y
Holt and Com pany ( 1993 ) New York.

Wang CC, Cheng XM, Li SC. Epidemiological survey of neurol ogical disorder s in six
urban areas of People's Republi c of China. Chinese Neurosurgery Journal 1985;1: 2- 7.

Wang LD, Kong LZ, Wu F, Bai YM, Burton R. Preventin g chroni c diseases in China.
Lancet 2005 ; 366 : 1821 - 1824.

115

Warach S, Gaa J, Siewert B, Wielopolski P, Edelman RR. Acute human stroke studied by
whole brain echo planar diffusion-w eighted magnetic resonance imag ing. Annals of
Neurology 1995 ; 37: 231 - 241.

Weisberg L, Tran P, Christensen B, Sibani S and Rozen R. A second genetic
polymorphi sm in methylenetetrahydrofolate reducta se (MTHFR) associated

with

decreased enzyme activity, Mole cular Genetics and Metaboli sm 1998; 64 (3):169 - 172.

Weiss N, Heydrick S, Zhang YY, Bieri C, Cap A, Loscalzo J. Cellular redox state and
endothelial dysfunction in mildl y hyperh omocysteinemic cystathionine beta-synth asedeficient mice . Arterio sclerosis, Thrombosis and Vascular Biology 2002 ; 22 : 34--41.

Weiss N. Zhang YY. Heydrick S, Bieri C, Loscalzo .J. Overexpression of cellul ar
glutathione

peroxid ase

rescue s

homocyst(e)ine-induc ed

endotheli al

dysfunctio n.

Procedin gs of the Nation al Academy of Sciences of the United States of America 200 1;
98: 12503 - 12508.

Wen B, Li H, Lu DR, Song XF, Zhang F, He YG, Li F, Gao Y, Mao XV, Zhang L, Qian
J, Tan JZ, Jin JZ, Huang W, Deka RJ, Su B, Chakraborty R, Jin L. Genetic evidence
supports demic diffu sion of Han culture . Nature 2004; 431 : 302 - 305.

116

Whisnan t JP . Modelin g of risk factors for ischem ic stroke. The Willi s lectur e. Stroke
1997 ; 28 : 1840-1844.

WH O. The world health report . WHO Geneva ( 1998).
WH O. The world health report . WHO Geneva (2000).
WHO. The world health report. WHO Geneva (2004).

WHO MO NICA project. MONI CA Manual. Ava ilable at: URL: http ://
www .ktl.fi /publications/mo nica, URNLNBN:fi-fe 19981147 , 1990.

Wild S, Rogl ic G, Green A, Sicree R, King H. Glob al Prevalenc e o f Diabete s mellitu s:
Estimates for the yea r 2000 and projections for 2030. Diabetes mellitus Care 2004;
27: 1047 - 1053.

Wolf PA, Abbott RD, Kannel WB . Atri al fibrill ation as an independ ent risk factor for
stroke: the Framingham Study. Stroke 1991; 22: 983 - 988.

Wolf PA, D'Agostino RB, Kann el WB, Bonita R, Belang er AJ. Cigarette smo king as a
risk factor for stroke: the Framingham Study. .lAMA 1988; 259: 1025-1029.

117

Wolf PA, D'Agostino RB, O'Neal MA, Sytkowski 1', Kase CS , Belanger AJ, Kannel
WB. Secular trend s in stroke incidence and mortality: the Framingham Study. Stroke
1992;23:1551 -1555.

Woo D, Gebel J, Miller R, Kothari R, Brott T, Khoury J, Salisbury S, Shukla R, Pancioli
A, Jauch E and Broderick J. Incidence rates of first-ever ischemic stroke subtypes among
blacks : a population-based study . Stroke 1999; 30: 2517-2522.

World Health Organization . Definition and diagnosis of diabetes mellitus mellitus and
intermediate hyperglycemia: report of a WHO /IDF consultation . WHO Document
Production Services , Geneva , Switzerland. 2006 . ISBN 92 4 159493 4.

Wu ZS, Yao CII, Zhao D, Wu GX, Wang W, Liu J, Zeng ZC. Wu YK. Sino-MONICA
projec t: A collaborative study on trends and determinants in cardiovascular diseases in
China, part I: morbidity and mortality monitoring . Circulation 2001 ; 103: 462---468.

Xu SH, Yin XV, Li SL, Jin WF, Lou HY, Yang L, Gong XH, Wang HY, Shen YP, Pan
XD, He YG, Yang YJ, Wang Y, Fu WQ, An Y, Wang JC , Tan JZ, Qian J, Chen XL,
Zhang X, Yangfei Sun YF, Xuejun Zhang XJ, Wu BL and Jin L. Genomic Dissection of
Population Substructure of Han Chinese and Its Implication in Association Studies . The
Am erican Journal of Human Genetics 2009; 85: 762 - 774.

118

Xu X, Li J, Sheng W, Liu L. Meta-anal ysis of genet ic studies from journ als publi shed in
China of ischemic stroke in the Han Chinese population . Cerebrovascular Diseases 2008;

26: 48--62.

Xue GB . Yu BX, Wang XZ, Wang GQ, Wang ZY. Epidemiolog ica l survey : stro ke in
urban and rural areas of China. Chinese Medicine Journal 1991; 104: 697 - 704.

Yam ada K, Chen Z, Rozen R, Matth ews RG . "Effect s of common polymorphism s on the
pro perties of recombin ant human methylenetetrahydrofolate reduct ase". Proceedings (!l

National Acade my of Sciences of the United States (if America. 2001; 98 (26): 14853-

14858.

Yusuf S , Sleig ht P, Pogue J, Bosch J, Davies R, Dagenais G. The Heart Outco mes

Prevention Eva luatio n Study Investigator s. Effects of an angiotensin- co nvert ing-enzy me
inhibitor , ram ipril, on car diovasc ular eve nts in high-ri sk patient s. New England Journ al of

Medicine 2000; 342: 145 - 153.

Zhang K, Calabrese P, Nordb org M, Sun F. Haplot ype block structure and its applic ation s
to asso ciation studies: power and study designs. American Journal of Human Genetics

2002; 71: 1386 -1 394.

119

Zhang LF, Yang J, Hong Z, Yuan GG, Zhou BF, Zhao LC, Huang YN, Chen J, Wu YF.
Proportio n of diff erent subtypes of stroke in China. Stroke 2003; 34: 209 1 - 2096 .

Zhang X, Patel A, Horibe H, Wu Z, Barzi F, Rodgers A, MacMahon S, Woodward M,
Asia Pacific Cohort Studies Collaboration. Cholesterol, coronary heart disease, and stroke
in the Asia Pacific region. Inteternational Journal ofEpidemiology 2003; 32: 563 - 572 .

Zhang XF, Attia J, D' Este C, Yu XH. Prevalence and magnitud e of classical risk factors
fo r stroke in a Cohort of 5092 Chinese steelworkers over 13.5 years of foll ow up. Stroke
2004 ; 35: 1052 - 1056.

Zhao D, Liu J, Wang W, Zeng ZC, Cheng J, Liu J, Sun JY, Wu ZS. Epidemiological
Transition of Stroke in China: Twenty-One-Year Observational Study From the SinoMONICA-Beijing Project Stroke 2008; 39: 1668 -1674.

Zhou J, Me ller J, Danielsen CC, Bentzon J, Ravn HB, Austin RC and Falk E. Dietary
supplementation with methionine and homocysteine promotes early atherosclerosis but
not plaque ruptur e in apoE-deficient mice. Arteriosclerosis. Thrombosis and Vascular

Biology 200 1; 2 1: 1470 -1476.

