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ABSTRACT

Background and objectives

Lipoprotein(@) is considered as an independent risk factor for
atherosclerosis. The present study was aimed to evaluate the role of lipoprotein(a)

as amarker for ischaemic stroke.

M ethodology

The present one year cross-sectiona study was conducted from January
2015 to December 2015. A total of 100 patients presenting with Iscahemic stroke
in the Department of Medicine and Department of Neuro-Medicine, KLES Dr.
Prabhakar Kore Hospital and Medical Research Centre, Belagavi were studied.

All the patients were investigated for Lipoprotein(a) levels.

Results

Magjority of the patients that is, 78% were males and male female ratio
was 3.45:1. The most common age group was 61 to 70 years (28%) and the mean
age was 56.04 + 14.02 years. Weakness (79%), atered sensorium (53%), were
the common presentations Hypertension (29%), was the most common risk factor
followed by diabetes mellitus (20%). More than half of the study population
(55%) had raised Lipoprotein A levels (=30 mg/dL). The mean lipoprotein(a)
levels were 32.95 + 15.24 mg/dL and ranged between 12.2 to as high as 86.2
mg/dL. Mgjority of the patients (81%) had raised cholesterol levels and mean
cholesterol levels were 175 +40.88 mg/dL. Most of the patients had raised Low
density lipoprotein levels (68%) and the mean LDL levels were 124 +44.8

mg/dL. 68% of the patients had raised Triglyceride levels and mean triglyceride



levels were noted as 134.1 £56.97 mg/dL. Raised lipoprotein(a) levels were
associated with hypercholesteolaemia (p<0.001), LDL (p=0.047), raised
triglycerides levels (p=0.021) and risk factors viz. diabetes mellitus, and both
diabetes mellitus and hypertension (p<0.001). However raised lipoprotein(a) was

independent of sex (p=0.961), age (p=0.646) and HDL levels (p=0.373).

Conclusion and inter pretation

Lipoprotein(a) is raised in patients with ischaemic stroke. Furthermore,
the rise in lipoprotein a levels is associated with hypercholesterolaemia, raised
LDL levels, hypertriglyceridemia and diabetes mellitus. However, the rise in

lipoprotein(a) levels are not influenced by sex, age and HDL.

Keywords

Ischaemic stroke; Lipoprotein(a); Lipid profile;
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Introduction

INTRODUCTION

Stroke is a syndrome of rapidly developing clinical signs of focal (or global)
disturbance of cerebral function with symptoms lasting for more than 24 hr or longer
or resulting in death with no apparent cause other than vascular origin.* Incidence
of cerebrovascular disease (CVD) (stroke) increases considerably with age, affecting

many people in their “Golden year of life.”?

Even though frequency of stroke varies
from place to place, cerebral thrombosis is the most frequent form encountered in
clinica studies followed by intracerebral haemorrhage (ICH) and subarachnoid
haemorrhage (SAH).>* Even though the incidence of stroke is increasing, mortality

rate is decreasing in the recent years.>®

Cerebrovascular disease (CVD) and Coronary heart diseases (CHD) are
responsible for around 40%-50% of all deaths in developed countries and out of this
10%-12% are due to stroke.®” Recently, there is a decline in the mortality from
stroke which may be due to socioeconomic changes, early diagnosis and treatment

of stroke, hypertension and other risk factors.*

Magjority of stroke are ischaemic (80%); while others result from primary
haemorrhage either intracerebral or into the subarachnoid space. Acute ischemic
stroke is result of stroke caused by thrombosis or embolism and is more common
than hemorrhagic stroke. Ischemic strokes constitute 85-87% of all cases.®
Hemorrhagic stroke constitute spontaneous intracerebral hemorrhage and

subarachnoid hemorrhage, and account for the remaining of cases.
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According to the World Health Organization, stroke is the second leading
cause of death world-wide.” Thus, cerebrovascular disease is a huge public hedlth
problem imposing both as a large disease burden and a large economic burden on
our country.’® The mortality rate of stroke in the acute phase is as high as 20% and it
remains higher for severa years after the acute event in stroke patients than in the
general population.™* Stroke is an illness of escalating socioeconomic importance,

especially among the ageing popul ation.®

In some geographical areas or within or some racial and ethnic groups, stroke
incidence may be unusualy high. Incidence of stroke varies considerably from
country to country. Based on the review of available information in India, the
prevalence of stroke was estimated as 203 per 100,000 population above 20 years,
amounting to a total of about 1 million cases.” Upto 85% of al strokes are of

ischaemic origin.®

Atherosclerosis occurring in arteries supplying the brain, both large and
small is the most common cause of ischemic stroke. Atherosclerosis occurring in
proximal aorta is also a source of atherogenic brain emboli. Large artery
atherosclerotic infarction occurs when there is an impediment to normal perfusion,
usually caused by a severe arteria stenosis or occlusion due to atherosclerosis and
coexisting thrombosis or artery to artery embolism. Microatheroma, lipohyalinosis,
and other occlusive diseases of the small penetrating brain arteries are the most
frequent causes of small, sub-cortical "lacunar” infarcts. About 20% of ischaemic
strokes are due to cardiogenic embolism, most commonly from atrial fibrillation. A
variety of other occlusive disorders may be the primary cause or variably contribute

to stroke pathogenesis.** Accordingly, stroke is also an important cause of morbidity
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and long term disability, up to 40% of survivors are not expected to recover their

independence and self-care.™*

Numerous risk factors are involved in the development of stroke, such as
hypertension, cigarette smoking, hyperlipidemia and diabetes mellitus.* Diabetes
mellitus and ischaemic stroke often arise together. People with diabetes have more
than double the risk of ischaemic stroke after correction for other risk factors,
relative to individuals without diabetes. Hyperglycaemia occurs in 30-40% of

patients with acute ischaemic stroke in diabetic as well as non diabetic patients.™

Lipoprotein (a) is a LDL like particle, discovered as a sinking prebeta
lipoprotein. This variant lipoprotein fraction contains one molecule of an
apolipoprotein B100 and another large protein called apolipoprotein (&) [Apo (d)].
Following its discovery Lp(a) was shown in case control studies to be associated
with CHD.'®8 |t has been demonstrated that there is a structural homology between
Apo (a) and plasminogen.® Ninety percent of Lp(a) concentration is under genetic
regulation. Despite this genetic regulation, some metabolic abnormalities may have
effect on Lp(a) levels in plasma. Notable among them are (1) acute phase response,
(2) diabetes, and (3) liver and rena failure.’® Studies on general population have
shown that Lp(a) levels are skewed, i.e, it ranges from 1 to 200 mg/dl with
geometric mean of about 10 mg/dl.*° Certain pharmacological agents and disease

conditions also influence the circulating Lp(a) levels.®#

Accumulation of Lp(a) has been demonstrated in the arterial walls of human
coronary and cerebral vessels? Lp(a) particles are susceptible to oxidative

modification and this modified Lp(a) is taken up by scavenger receptor macrophages
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leading to intracellular cholesterol accumulation and foam cell formation, which
contributes to atherogenesis.?>?*%" Atherogenic lipoproteins include in addition to
LDL, amost al classes of lipoproteins that contains Apo-B (VLDL, beta VLDL,
IDL, Lp(a), and oxidized LDL). A common feature of these atherogenic lipoproteins
is that they contain various amounts of cholesteryl esters and either Apo-B 100 or
Apo-B 48. In addition Lp(a) contain Apo (a), a protein that is a disulfide linked to
Apo -B and is homologous to plasminogen, Apo (a) may contribute to atherogenesis

by mechanisms related to thrombosis.?®

Lp(a) values can be increased as part of the acute phase response, and in
diabetes mellitus, chronic renal failure, nephrotic syndrome, cancer, menopause, and

hypothyroidism.?

Lp(a) values are decreased in liver failureand hyperthyroidism. Furthermore,
nicotinic acid, tamoxifen, oestrogens, progesterone, and anabolic steroids might
decrease Lp(a) concentrations. Fibrates have been shown, in some studies, to reduce

Lp(a) concentrations, whereas statins might increase Lp(a) concentrations.?

Studies in subjects with average lipid profiles indicate that raised Lp(a)
concentrations are associated with myocardia infarction, coronary artery disease,
peripheral atherosclerosis and cerebral ischemia. Lipoprotein(a) is considered as an
independent risk factor for atherosclerosis. Due to unique structural homology with
plasminogen, it interferes with the function of plasminogen thus increasing

thrombotic risk.?®

Lipoprotein (a) has been observed to be increased in CHD, but very few

studies comment on estimation of this parameter in the case of thrombotic stroke,
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even though the etiopathogenesis is amost similar in both these conditions.?
Compared with CHD, studies conducted in stroke patients are inconclusive, and not
clearly proved, whether stroke is due to increased lipid profile, hypertension or due
to the life style of an individual. Moreover, due to ateration in lipid profile which

lipid parameter or the lipoprotein gets altered in the thrombotic strokeis not clear.®

Severa studies have evaluated the association between Lp(a)and ischemic
stroke. Several cross sectional studies and a few prospective studies provide
contradictory findings regarding Lp(a) as a predictor of ischemic stroke.®® The

6,29

meager reports™* available in Indian patients who have different social, living and

dietary habits compared to western population, prompted us to undertake this study.

Keeping thisin mind, the present study was sought to evaluate the role of Lp

(a) asamarker for ischaemic stroke.




Objectives

OBJECTIVES

The objective of this study was to evaluate the role of lipoprotein (a) asa

marker for ischaemic stroke.




Review of Literature

REVIEW OF LITERATURE

STROKE

Historical perspectives

The term “Stroke” or “Cerebrovascular accidents” has come to signify the
abrupt impairment of brain function caused by a variety of pathological changes
involving one (focal) or several (multifocal) intracranial or extracranial blood

vessels,®

The concept of stroke was first noted from 460 to 370 before the Common
Era by Hippocrates. At this time, the symptoms of convulsions and paralysis were
referred to as apoplexy. Over the next several hundred years, scholars focused on

physical symptoms and potential causes.

The first known description of stroke was given by Hippocrates who took the
word “Apoplexy” common nonmedical use where it meant “Astonished, Suddenly

benefit of one’s senses” and applied it descriptively to stroke.

Jacob Werter, a Swiss physician was the first person to suggest that apoplexy
was caused by disease of blood vessel in the brain.

Thomas Willis described the circle of willsin 1664.

Seddicot described spontaneous intracerebral haemorrhage in 1813.

In 1828 Abberonbie, described the obliterative arterial disease of cerebral

arteries.
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Johan Friedrich crell, emphasized the pultaceous or atheromatous el ements
in some arteria lesions athough he did not use the term atheroma.

Von Haller made similar observations and applying the term “atheroma” to
the arteria lesions.

In 1860, Rudolf Virchow described imbibition theory that states there was
deposition of blood constituents on the laminal surface of the arterial wall
during the formation and growth of atheromatous plagues. He considered
that the early lesions of atherosclerosis were based on a “loosening” of the
connective tissue ground substance of the intima as a result of “imbibition”
of constituents of the passing blood.

Von Rokitansky and the thrombogenic theory described the atheromatous
deposition is by far the most frequent disease of the arteries and embodies
the foundation of aneurysm formation and of many spontaneous arteria
obliterations.

Virchow’s concept of atherogenesis was that, all the structural changes were
initiated by an invading stream of plasma. This is the origin of the so called
“infiltrative” theory of atherosclerosis which certainly, in so far as lipid
accumulation is concerned, appears even now to have much truth in it.

Vogd in 1847 and Chalatow in 1913 observed that atherosclerotic plaques
contained relatively large amounts of cholesterol.

In 1825, Bonillord described localisation of lesion and aphasia.

In 1860, Von Graafe used Helmoltz ophthal moscope.

In 1895, Hamrich Quinn introduced the technique of lumbar puncture which

isso vital in the diagnosis of neurological illness.
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1877 Odler reported a case of Subarachnoid and intracerebral haemorrhage
due to ruptured aneurysm.

In 1914, Ramasy hunt was the first to describe comprehensive description of
spontaneous carotid occlusion without crest disease of the intracranial vessel
producing cerebral infarction.

Dandy performed the first air ventriculogram.

Denny brown introduced the concept of vascular insufficiency.

Platelet antiaggregating drugs like aspirin was used in 1971 for TIA’s by
Karimin 1978.

Dr. GodFrey Honnsfield, a British physicist in 1972 introduced
computerized axia tomography (CAT) technique into neuro radiology which
resulted in award of noble prize in 1979. This lead to more precise
categorization of ischaemic and hemorrhagic Cerebrovascular accident

(CVA).

Within the last decade, the magnitude of research has grown exponentially.
The term apoplexy has faded, and the term stroke has become common place in the

medical setting.*
Definition

World Health Organization (WHO) defines stroke as rapid development of
clinical signs of focal (or global) brain function disorders, with symptoms which last
24 hours or longer or lead to death, without other clear cause, except signs of blood

vessel damage.*
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Prevalence
Worldwide

It is estimated that approximately 4 million people suffer from stroke
annualy. Out of that number, approximately 570,000 cases occur in Europe and
approximately 500,000 in United States of America. International epidemiological
trials show that rates grow exponentially with age, from 0.3% in the third and fourth
decade of life, al the way to 30% in the eighth and ninth decade of life, which
makes an average of 1-2%. Recent data shows that the incidence of stroke in France
is 114 cases per 100,000 persons per year, in Germany 350, in Italy 223, in Spain

141-220, and in UK 161.%%

Although rates of stroke mortality and burden vary greatly among countries,
low-income countries are the most severely affected. There has been a 42% decrease
in stroke incidence in high-income countries and >100% increase in low- to middle-

income countries.®**®
Morbidity and Mortality %

400-800 strokes per 100,000.

5.7 million Deaths.

16 million new acute strokes every year.
28,500,000 DALY s (disability adjusted life-year).

28-30 day case fatality ranges from 17%-35%.

10
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Strokein India

Estimates of the prevalence of stroke in India range from 44 to 843 per
100,000 population.*”* Based on the estimates by Dald et a.* in 2008, age

adjusted annual incidence per 100,000 population is 152.%°
Morbidity and Mortality *

Prevalence 90-222 per 100,000.

102,620 million desths.

1.44-1.64 million cases of new acute strokes every year.
6,398,000 DALYs.

12% of strokes occur in the population aged <40 years

28-30 day case fatality ranges from 18-41%.
Classification of stroke™

Broadly, strokes are classified as either hemorrhagic or ischemic. Acute
ischemic stroke refers to stroke caused by thrombosis or embolism and is more

common than hemorrhagic stroke.*

There are many classifications according to etiology vascular territory and by

time course etc.

1. Classification by time course:

a. Transient ischaemic attack.

b. Reversibleischaemic neurological deficit.

11
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c. Strokein evolution.

d. Completed stroke.

2. By arteridl territory:

a. Internal carotid artery territory.
b. Vertebrobasilar territory.
c. Lenticulo-striate.

3. By underlying pathol ogy:

a. Atheromatous occlusion of vessels.
b. Atheroembolism.

c. Lipohylinoid necrosis.

d. Charcot Bouchard aneurysm rupture.

4. According to cause:*

a. Atherosclerosis.
b. Embolism of cardiac origin.

C. Vasculitis: Primary central nervous system (CNS), PAN, Collagen

Vascular Disease, temporal arteritis, infectious vasculitis.

d. Hematologica Disorders. Hemoglobinopathies, hyperviscosity syndrome,
hypercoagul ability states, protein C and S deficiency, Antiphospholipid

syndrome (APLA) syndrome.
e. Drugs: Cocaine, alcohol, amphetamines, OC pills.

f. Others: MoyaMoya, migraine, fibromuscular dysplasia

12
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g. Cerebra Venous Thrombosis.

h. Intracerebral haemorrhage
ISCHEMIC STROKE

Thrombotic cerebral infarction results from the atherosclerotic obstruction of
large cervical and cerebra arteries, with ischemia in all or part of the territory of the
occluded artery. This can be due to occlusion at the site of the main atherosclerotic

lesion or to embolism from this site to more distal cerebral arteries.

Embolic cerebral infarction is due to embolism of a clot in the cerebral arteries
coming from other parts of the arterial system, for example, from cardiac lesions, either
at the site of the valves or of the heart cardiac cavities, or due to rhythm disturbances
with stasis of the blood, which allows clotting within the heart as seen in atria

fribrillation.

Lacunar cerebra infarctions are small deep infarcts in the territory of small
penetrating arteries, due to a local disease of these vessels, mainly related to chronic
hypertension. Several other causes of cerebral infarction exist and are of great
practical importance for patient management. As they are relatively rare they can be

ignored for most epidemiological purposes.

In India, frequency of ischaemic stroke is between 60 to 80%.%4%* Further,
lacunar, large vessel and cardioembolic types occur at 18%, 41%, 10% respectively*

while other determined and undetermined types occur in 10% and 20 respectively.**

13
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Etiology™*

Ischemic strokes result from events that limit or stop blood flow, such as
extracranial or intracranial thrombo-embolism, thrombosis in situ, or relative
hypoperfusion. As blood flow decreases, neurons cease functioning, and irreversible
neurona ischemia and injury begin at blood flow rates of less than 18 mL/100 g of

tissue/min.
Pathophysiology

When an ischemic stroke occurs, the blood supply to the brain is interrupted,
and brain cells are deprived of the glucose and oxygen they need to function.
Ischemic stroke is a complex entity with multiple etiologies and variable clinical
manifestations. Approximately 45% of ischemic strokes are caused by small or large

artery thrombus, 20% are embolic in origin, and others have an unknown cause.*’

Thrombosis can form in the extracranial and intracranial arteries when the
intima is roughened and plagque forms along the injured vessel. The endothelial
injury (roughing) permits platelets to adhere and aggregate, then coagulation is
activated and thrombus develops at site of plague. Blood flow through the
extracranial and intracrania systems decreases, and the collateral circulation
maintains function. When the compensatory mechanism of collatera circulation

fails, perfusion is compromised, leading to decreased perfusion and cell death.*’

During an embolic stroke, a clot travels from a distant source and lodges in
cerebral vessels. Microemboli can break away from a sclerosed plague in the carotid
artery or from cardiac sources such as atria fibrillation, patent foramen ovale, or a

hypokinetic left ventricle. Emboli in the form of blood, fat, or air can occur during

14



Review of Literature

surgical procedures, most commonly during cardiac surgery, but also after long bone

surgeries.’

Less common causes of ischemic stroke include carotid dissection and the
presence of coagulopathies, such as those resulting from antiphospholipid antibodies.
Other causes include arteritis, infection, and drug abuse, such as the use of cocaine.
While still not completely understood, the presence of periodontal disease and tooth

lossis also an associated risk for ischemic stroke.*’

As a thrombosis or emboli cause a decrease in blood supply to the brain
tissue, events occur at the cellular level, referred to as the ischemic cascade. Neurons
and support cells require a careful balance of variables such as temperature, pH,
nutrition, and waste removal in their environment to function optimally. Intensive
basic scientific research during the last two decades has given healthcare
professionals an increased understanding of the ischemic cascade in the format of
the precise environmental alterations involved in the pathophysiology of ischemic
injury at the cellular level. Understanding the ischemic cascade has led to the
concept of a therapeutic time window for treatment possibilities. Often, there is a
core region of dead cells surrounded by an area of hypoperfused tissue. The

hypoperfused area may be rescued; this areais referred to as the penumbraregion.*’

Neuroprotection is a broad term that refers to pharmacologica and
nonpharmacological treatments used to hat the cellular events in the ischemic
cascade, forming the theoretical basis for many of the acute stroke therapies under
study™ as well as the rationale for intervening within a therapeutic time window

following ischemic stroke.

15
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History and clinical presentation

Assessment of the patient with a stroke begins with recognition of the event
as a stroke in the prehospita phase of care and continues throughout care.
Emergency medical technicians and ambulance staff members need training in the
recognition of signs and symptoms of stroke. Tools such as the Face Arm Speech
Test® and the shortened National Institutes of Health Stroke Scale® have been
tested and found to be effective in increasing the diagnostic accuracy of ambulance
staff. The has published standards for acute stroke prehospital care®® which the AHA
did not seek to duplicate but continued to emphasize the need for immediate

diagnosis and evaluation.*

In the emergency department (ED), as the patient arrives, preferably by
ambulance, a suspected stroke is treated as an acute event until diagnostic evidence
suggests otherwise. Neurological assessment is based on both subjective and
objective data, and a careful medical history is crucia to establish the exact time of
onset of stroke signs and symptoms. Essential data to include are a quick history of
timing of the event, pertinent past medical history, and risk factors. The full NIHSS

can be used to guide the neurol ogic assessment.
Symptoms of 1schemic Stroke According to Cerebral Circulation®

Brainstem
Hemiparesis or quadriparesis
Motor or sensory lossin al four limbs
Eye movement abnormalities, such as diploplia and dysconjugate gaze

Oropharyngeal weakness

16
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Vertigo, tinnitus

Nausea, vomiting

Dysmetria
Cerebellurn

Ipsilateral limb ataxia

Gait ataxia

Vetebrobasilar circulation

Symptoms correlate with brainstem and cerebellar functions as above
Cranial nerve deficitsin crania nervesllil — X1I

Anterior Circulation Symptoms (Carotid artery)

Contralateral motor and sensory loss
Amaurosis fugax or transmonocular blindness (caused by emboli to retinal
artery)

Anterior Cerebral Artery

Confusion

Personality change

Incontinence

Contralateral motor or sensory lossin leg greater than arm

Middle Cerebral Artery

Contralateral motor or sensory loss (arm greater than leg)
Contralateral motor lossin lower face

Contralateral visual field loss

Language deficit (dominant hemisphere)

Spatial-perceptual deficit (nondominant hemisphere)

17
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Posterior Cerebral Artery

Contralateral sensory loss
Ipsilateral visua field deficit

Cortical blindness

In addition to these symptoms, determining dominance is important as the
dominant hemisphere is primarily responsible for language function. Handedness
determines dominance for most people. Right-handed people are left-hemisphere
dominant; left-handed people are also left-hemisphere dominant about 60% of time.
The clinical features that are more common with a dominant left cerebral
hemisphere lesion include aphasia, agraphia, acalculia, apraxias, a left gaze
preference, a right visua field deficit aong with right-sided hemiparesis, and a
right-sided hemisensory loss. Common features of a nondominant right cerebral
hemisphere include neglect (left-sided hemiinattention), right gaze preference, left
visua field deficit, dysarthria, flat affect, left-sided hemiparesis, and left-sided

hemisensory loss.*’

The presence of a transient ischemic attack or other conditions need to be
ruled out to ensure that patients receive the appropriate treatment for their condition.
A wide range of abnormalities can mimic a stroke, including hypoglycemia,

migraine, seizure, and trauma.*’

Conditionsthat Mimic | schemic Stroke*’

Unrecognised seizures

Confusional states

Syncope

18
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Toxic or metabolic disorders including, but not limited to the
following

0 Hypoglycaemia

0 Drug overdose

0 Hyponatraemia

o0 Migrane

o0 Concussion with head injury

0 Encephalopathies or encephalitis

o Eclampsia

0 Braintumors

0 Subdura hematoma

Diagnosis

Diagnostic studies help to confirm stroke, detect early potentially life-
threatening complications, and direct specific care given; those recommended in the
AHA qguidelines are shown in Figure. These diagnostic tests are available in most
EDs 24 hours a day. Blood glucose can be checked in the ambulance with a finger
stick or upon ED arrival and is helpful in ruling out hypoglycemia as a cause for the
event or hyperglycemia as a compounding factor.*” A computed tomography (CT)
scan without contrast is recommended to rule out the presence of a hemorrhagic
stroke that would preclude the use of thrombolysis.>* Adjunct studies may include a
CT angiogram, magnetic resonance imaging (MRI), and cerebral angiography. A CT

angiogram can be used to identify large vessel stenoses or occlusion. MRI allows for
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better visualization of possible infarcted areas, and angiography is used when
intraarterial (1A) thrombolysis is indicated or when surgical interventions are being

considered.*’

Recommended Testsin Evaluation of Acute | schemic Stroke*’

All Patients

CT of the brain without contrast

MRI can be considered at qualified centers

Electrocardiogram

Compl ete blood count with platelet count

Serum el ectrolytes

Blood glucose

Prothrombin time, activated partial thromboplastin time, and international
normalized ratio

Renal function tests

Oxygen saturation

Sdlected Patients

Chest X ray

Hepatic function tests

Arterial blood gas levels (if hypoxia suspected)

Markers of cardiac ischemia

Lumbar puncture (if subarachnoid hemorihage is suspected and CT is

negative)
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Erythrocvte sedimentation rate (ESR), syphilis serology
Lipid profile

Toxicology screen

Blood acohol level

2D echocardiography

Pregnancy test

Electroencephal ogram (when seizures suspected)

Risk factors of stroke®

A risk factor is a characteristic of an individual or population associated with
increased risk of disease compared to those without it. Multiple risk factors are
associated with cerebral infraction and have been studied in great detail. Risk factor
profile for ischaemic stroke differs and is variable in young and elderly patients. Various
proatherothrombotic processes leading to macrovascular complications are well known.
Diabetes mellitus, hypertension, smoking, acoholism and dyslipidemia are some of the
prominent modifiable risk factors for atherothrombotic ischaemic stroke. Other risk
factors of stroke are raised homocystein, obesity, inadequate physical activity, migraine,
oral contraceptives and hormonal supplements, fibrinogen and clotting factors,
vasculitis, collagen vascular diseases and cardiac disorders to name a few. Age, gender,
ethnic and geographical background, genetic inheritance and familial predisposition are
some of the non-modifiable risk factors of ischaemic stroke. In spite of the adequate
control of these conventional risk factors, the incidence of cerebral infarction is not
curbed, emphasizing a need to look into novel and unrecognized risk factors. Risk
factors for ischemic stroke include modifiable and nonmodifiable etiologies.

Identification of risk factors in each patient can uncover clues to the cause of the
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stroke and the most appropriate treatment and secondary prevention plan.
Nonmodifiable risk factors include the following:

Age

Race

Sex

Ethnicity

History of migraine headaches

Sickle cell disease

Fibromuscular dysplasia

Heredity

Modifiable risk factors include the following:

Hypertension

Diabetes mellitus

Cardiac disease - Atrial fibrillation, valvular disease, mitral stenosis, and
structural anomalies allowing right to left shunting, such as a patent foramen
ovale and atrial and ventricular enlargement

Hypercholesterolemia

Transient ischemic attacks (TIAS)

Carotid artery stenosis

Hyperhomocystinemia

Lifestyle issues - Excessive acohol intake, tobacco use, illicit drug use,
obesity, physical inactivity

Oral contraceptive use
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Among the types of cardiac disease that increase stroke risk are atria
fibrillation, valvular disease, mitral stenosis, and structural anomalies allowing right-
to-left shunting, such as a patent foramen ovale and atria and ventricular

enlargement.*
Lipoprotein(a)

Lipoprotein(a) [Lp(a)] has been considered a cardiovascular risk factor for
many years. Owing to incomplete scientific evidence, screening for and treatment of
high Lp(a) levels have to date been performed principaly by lipid specidists.
However, during the last few years, magor advances have been achieved in
understanding the causal role of elevated Lp(a) in premature cardiovascular disease

(CVD).>®

Lipoprotein(a) is a plasma lipoprotein consisting of a cholesterol-rich LDL
particle with one molecule of apolipoprotein B100 and an additional protein,
apolipoprotein(a), attached via a disulfide bond (Figure 1).1 Elevated Lp(a) levels
can potentially increase the risk of CVD (i) via prothrombotic/anti-fibrinolytic
effects as apolipoprotein(@) possesses structural homology with plasminogen and
plasmin but has no fibrinolytic activity and (ii) via accelerated atherogenesis as a

result of intimal deposition of Lp(a) cholesterol, or both.
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Lipoprotein(a)

Apolipoprotein(a) LDL-like particle

Figure 1. Lipoprotein(a) consists of an LDL -like particleto which
apolipoprotein(a) is covalently linked. The LDL -like moiety is composed of a
central core of cholesteryl esters (CE) and triglycerides (T G) surrounded by

phospholipids (PL), free cholesterol (FC), and a single molecule of

apolipoprotein B (apoB). Apolipoprotein(a) contains 10 different types of
plasminogen kringle 4-like repeats as well as regions homologousto the kringle
5 and protease (P) regions of plasminogen. Thekringle 4 type 2 domain (42) is
present in multiply repeated copiesfrom 2 to .40 that differ in number between
apolipoprotein(a) isoforms.1 Apolipoprotein(a) islinked to apolipoprotein B100
by a single disulfide bond involving an unpaired cysteine residue in kringle 4
type 9.>4>

Genetics

Plasma levels of Lp(a) are to a large extent genetically determined via
variation in the apolipoprotein(a) gene.®® This makes the apolipoprotein(a) gene
ideal for use in a Mendelian randomization study,>” examining whether lifelong,
genetically elevated levels of plasma Lp(a) cause CVD. By anaogy, familial
hypercholesterolaemia with mutations in the LDL receptor or apolipoprotein B
genes have lifelong, genetically elevated LDL cholesterol levels and premature CVD,
a fact that has helped establish that elevated LDL cholesterol levels constitute a

direct cause of atherosclerosis and CVD.>
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A Mendelian randomization study®’ needs three pieces of data to help
provide evidence for a causal link between elevated plasma Lp(a) levels and CVD.
First, elevated plasma Lp(a) levels should be associated with increased CVD risk, as
demonstrated in the previous section on Lp(a) epidemiology. Secondly, genetic
variation should exist in human populations that can explain a large fraction of the
variation in plasma Lp(a) levels: such genetic variation has been known for many
years, most importantly the kringle IV type 2 size polymorphism, resulting in a
variable number from 2 to >40 number of a 5.6 kb repeat associated inversely with
plasma Lp(a) levels.>® Thus, the fewer the repeats in the apolipoprotein(a) gene, the
higher the plasma levels of Lp(a), which has also been demonstrated in the past.>®
Thirdly, such genetic variation should be linked directly with CVD risk: previous
smaller case-control studies (n < 2400) have demonstrated an association of kringle
IV type 2 genotype [or the associated apolipoprotein(a) isoform size] with risk of

CVD, as reviewed previously.>>>®

M etabolism

It is believed that plasma concentrations of Lp(a) are determined chiefly by
rates of hepatic synthesis of apolipoprotein(a): athough the site of formation of
Lp(a) has not been definitively identified, evidence suggests that apolipoprotein(a)
adducts extracellularly and covalently to apolipoprotein B100-containing
lipoproteins, predominantly LDL. Apolipoprotein(a) genotype, which determines
both the synthetic rate and size of the apolipoprotein(a) moiety of Lp(a), alone
accounts for 90% of plasma concentrations of Lp(a). As hepatic secretion rates are
lower for large apolipoprotein(a) isoforms, and as most individuals are heterozygous

for two different isoforms, the smallest isoform typically predominates in plasma.

25



Review of Literature

Lipoprotein(a) is thought to be catabolized primarily by hepatic and rena pathways,

but these metabolic routes do not appear to govern plasma Lp(a) levels.>

Pathophysiological mechanisms underlying the atherothrombotic potential of

lipoprotein(a)

After transfer from plasma into the arterial intima, Lp(a) may be more avidly
retained than LDL as it binds to the extracellular matrix not only through
apolipoprotein(a), but also via its apolipoprotein B component,® thereby
contributing cholesterol to the expanding atherosclerotic plague. In vitro, Lp(a)
binds to severa extracellular matrix proteins including fibrin® and defensins, a
family of 29-35 amino acid peptides that are released by neutrophils during
inflanmation and severe infection.?® It is likely that defensins, like lipoprotein lipase,

provide a bridge between Lp(a) and the extracellular matrix.*

Transgenic mice expressing a mutant form of apolipoprotein(a) with greatly
reduced ability to bind to fibrin exhibited 20% less atherosclerotic lesion area and
less accumulation in the arterial wall compared with transgenic mice expressing
wild-type Lp(a).”* In addition, Lp(a) seems to be retained at sites of mechanical

injury;>® fibrin deposition occurs preferentially at such sites.™

Through its apolipoprotein(a) moiety, Lp(a) also interacts with the p2-
integrin Mac-1, thereby promoting the adhesion of monocytes and their
transendothelial migration.® In atherosclerotic coronary arteries, Lp(a) was found to

localize in close proximity to Mac-1 on infiltrating mononuclear cells.

Lipoprotein(@) has also been shown to bind pro-inflammatory-oxidized

phospholipids®® and is a preferential carrier of oxidized phospholipids in human
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plasma. Lipoprotein(a) also contains lipoprotein-associated phospholipase A2
(equally referred to as Paf-acetylhydrolase), which may cleave oxidized fatty acids
at the sn-2 position in oxidized phospholipids to yield short chain fatty acids and

lysolecithin.®

Apolipoprotein(a), a homologue of the fibrinolytic proenzyme plasminogen,
impairs fibrinolysis. Indeed, Lp(a)/apolipoprotein(?) can competitively inhibit
tissue-type plasminogen activator-mediated plasminogen activation on fibrin
surfaces, athough the mechanism of inhibition by apolipoprotein(?) remains
controversial. Essential to fibrin clot lysis are a number of plasmin-dependent,
positive feedback reactions that enhance the efficiency of plasminogen activation,
including the plasmin-mediated conversion of Glu-plasminogen to Lys-plasminogen.
It has been observed that the apolipoprotein(a) component of Lp(a) inhibits the key
positive feedback step involving conversion of plasmin-mediated Glu-plasminogen
to Lys-plasminogen. Lipoprotein(a) may aso enhance coagulation by inhibiting the

function of tissue factor pathway inhibitor.*

Finally, small isoforms of apolipoprotein(a) have been observed to possess
elevated potency in inhibiting fibrinolysis and thereby promoting thrombosis. Indeed,
a recent meta-analysis demonstrated a two-fold increase in the risk of CHD and
ischaemic stroke in subjects with small apolipoprotein(a) phenotypes.® Furthermore,
prospective findings in the Bruneck study have revealed a significant association
specificaly between small apolipoprotein(a) phenotypes and advanced
atherosclerotic disease involving a component of plague thrombosis.®® These data

suggest that the determination of apolipoprotein(a) phenotype/genotype may provide
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clinicians with additional information by which to evauate Lp(a)/apolipoprotein(a)-

associated atherothrombotic risk.>®

In summary, elevated Lp(a) levels may promote atherosclerosis via Lp(a)-
derived cholesterol entrapment in the intima, via inflammatory cell recruitment,
and/or via the binding of pro-inflammatory-oxidized phospholipids. The
prothrombotic, anti-fibrinolytic actions of apolipoprotein(a) are expressed on the one
hand as inhibition of fibrinolysis with enhancement of clot stabilization and on the

other as enhanced coagulation via the inhibition of tissue factor pathway inhibitor.*
M easur ement

Severa types of Lp(a) assays are currently available, some commercidly;
prominent among them are sandwich enzyme-linked immunosorbent assays
(ELISAS), non-competitive ELISAS, latex immunoassays, immunonephel ometric
assays, and immunoturbidometric and fluorescence assays.®® In order for clinical
laboratories to provide clinicians with Lp(a) values which alow correct
cardiovascular risk evaluation when Lp(a) is included in the estimate, the following

elements in standardi zation between Lp(a) assays are critical.>

1. Inclusion of antibodies in assay kits whose immunoreactivity with Lp(a) is
apolipoprotein(a) isoform-insensitive and fully characterized, and for which
there is minor variation between batches over time. In this regard,
immunosorbent assays are of considerable interest, as they alow the use of
polyclona antibodies [anti-apolipoprotein(a) capture; anti-apolipoprotein

B100] and are isoform-insensitive.
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. Availability of a robust secondary reference Lp(a) preparation at an
international level, which has received approval by organizations such as the
International Federation of Clinical Chemistry and the World Health

Organisation.

. The widespread use of methodologies which are robust, highly reproducible
with inter- and intra-coefficient of variations <10%, economically priced,

and accurate.

. A common resolve, based on the uniformity and widespread availability of
an approved and standardized Lp(a) assay, to express Lp(a) concentrations as

total Lp(a) protein; point (ii) aboveis critical to this goal,

. Standardization of procedures for blood collection, plasma, or serum

isolation with a preferential use of fresh samples.

. Ranges and percentiles for Lp(a) protein levels established for individual
ethnicities given present knowledge of race-dependent variation in Lp(a),

ultimately leading to race-specific estimates of risk thresholds.>

These factors will contribute significantly not only to the reliable diagnosis

and classification of subjects presenting with high atherothrombotic risk due to

elevation of Lp(a), but also to the success of multicentre clinical trials designed to

evaluate pharmacotherapeutic agents targeted to concomitantly reduce elevated

Lp(a) levelsand CVD risk.>

Whom to screen
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Lp(a) should be measured once in all subjects at intermediate or high risk of

CVD/CHD who present with:
premature CVD,
familia hypercholesterolaemia,
afamily history of premature CVD and/or elevated Lp(a),
recurrent CV D despite statin treatment,
>3% 10-year risk of fatal CVD according to the European guidelines,®” and

>10% 10-year risk of fatal and/or non-fatal CHD according to the US

guidelines®

Repeat measurement is only necessary if treatment for high Lp(a) levels is

initiated in order to evaluate therapeutic response.
Treatment

Studies using niacin alone or in combination with, for example, statins have

shown cardiovascular benefit; %™

niacin reduces Lp(a) levels by up to 30-40% in a
dose-dependent manner and in addition exerts other potential beneficial effects by
reducing LDL cholesteral, total cholesterol, triglycerides, and remnant cholesterol
and by raising HDL cholesterol.”* In a meta-analysis including 11 randomized
controlled trials with 2682 patients in the active group and 3934 in the control group,
niacin 1-3 g/day reduced major coronary events by 25% (95% Cl: 13-35%), stroke

by 26% (8-41%), and any cardiovascular event by 27% (15-37%).%°
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However, there have been no randomized, controlled intervention trials with
selective reduction in plasma lipoprotein(a) levels amed to reduce CVD: we
urgently need trials demonstrating that selective reduction of Lp(a) in those with
Lp(a) above the 80th percentile will benefit clinically with reduced CVD. Until such
trials are published, reduction in Lp(a) should mainly be achieved using niacin, as
the use of niacin for CVD risk reduction as described above is evidence-based.
However, in addition to lowering Lp(a), niacin lowers LDL cholesterol, tota
cholesteral, triglycerides, and remnant cholesterol and concomitantly increases HDL
cholesterol levels. Therefore, the favourable effects of niacin on CVD cannot be
ascribed solely to Lp(a) reduction. Nevertheless, these studies clearly demonstrate
that the use of niacin for reduction in Lp(a) to the suggested desirable levels (less

than 30 mg/dl) is safe and in al likelihood beneficial.

Compared with LDL, Lp(a) is relatively refractory to both lifestyle and drug
intervention. The data on the effects of statins and fibrates on Lp(a) are limited and
highly variable. Overall, statins have, however, been shown to consistently and
modestly decrease elevated Lp(a) in patients with heterozygous familid
hypercholesterolaemia. Other agents reported to decrease Lp(a) to a minor degree
(<10%) include aspirin, |-carnitine, ascorbic acid combined with |-lysine, calcium
antagonists, angiotensin-converting enzyme inhibitors, androgens, oestrogen, and its
replacements (e.g. tibolone), anti-estrogens (e.g. tamoxifen), and thyroxine

replacement in hypothyroid subjects.

Larger studies of longer duration of Lp(a) lowering against background statin
therapy in high-risk individuals including diabetics are needed. In the FATS

angiographic trial,”* aggressive lowering of LDL and apolipoprotein B abrogated the
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risk due to Lp(a) in patients with established coronary disease. The ongoing AIM-
HIGH and HPS2-THRIVE) trias will further evaluate this notion, athough the

niacin employed in these trials is not selective for Lp(a) lowering as noted above.

It is clear that more detailed studies of the metabolism of Lp(a) are required
to aid in the design and development of selective and potent therapies for lowering
Lp(a). Given the critical role of Lp(a) synthesis in determining the plasma
concentration of Lp(a), targeting either the synthesis of apolipoprotein(a) and/or the
formation of Lp(a) would appear worthwhile. Antisense oligonucleotide and thyroid
hormone analogue therapies directed at apolipoprotein(a) synthesis may hold

particular promise for the future.>

Finaly, in young or middle-aged patients with evidence of progressive
coronary disease and markedly elevated plasma Lp(a), serious consideration should
be given to instituting LDL apheresis which removes Lp(a) efficaciously; however,
this form of treatment is prohibitively expensive and impractical for most patients

and most clinical centres.®®

Future needs in basic and clinical research on lipoprotein(a) and

apolipoprotein(a).

The European Atherosclerosis Society Consensus Panel is convinced that
further international effort is required in different ethnicities to assess the
atherothrombotic risk due to the Lp(a) particle on the one hand and to
apolipoprotein(a) on the other. The potential contribution of Lp(a)-associated
phospholipase A2, and equally of Lp(a)-associated oxidized phospholipids, to the

pathophysiological mechanisms underlying such elevated risk remains indeterminate.

32



Review of Literature

Both cutting-edge basic research, rigorously designed prospective studies and
intervention trials of selective Lp(a) lowering agents are required to attain these
goals. Furthermore, it is entirely appropriate that Lp(a), as a causal, independent risk
factor, should be integrated into existing treatment algorithms. Finally, randomized,
controlled intervention trials with selective reduction in plasma lipoprotein(a) levels
to reduce CVD in both primary and secondary prevention settings are urgently

needed in order to define more precisely who to treat and to what targets.*

In the atherosclerosis risk in communities (ARIC) study, the association of
Lp(a) with stroke was investigated in 15 160 participants (4160 blacks and 11 000
whites). In this study, Lp(a) was an independent risk factor for strokes and TIA, in
both blacks and whites. The relative risk of Lp(a) associated stroke morbidity was

not influenced by race.”

VanKooten and colleagues’ assessed Lp(a) concentrations in 151
consecutive patients admitted because of acute cerebral ischaemia. They found that
in about one third of patients Lp(a) values were significantly raised, but thisincrease
was not associated with the cardiovascular risk profile, stroke characteristics, or the

prognosis.”

In a study by Lindgren et a.” determined lipid variables in 131 patients six
months after stroke. These patients have higher TG and Lp (a) values and lower TC,

LDL, HDL concentrations compared with controls.

In a study by Nagayama M, et a.” Lipoprotein(@ and ischemic

cerebrovascular disease in young adults stated that higher median Lipoprotein (a) a
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levels among stroke/Transient ischaemic attack patients than controls among

whites,blacks and Asians.

In a study by Nagaraj SK et al.® showed no statistical significant differences
in serum lipid and lipoprotein (a) profile between controls and thrombotic stroke

patients.




Methodology

METHODOLOGY

The present study was conducted in the Department of Medicine, KLES Dr.
Prabhakar Kore Hospital and Medical Research Centre, Belagavi from January 2015

to December 2015.

Study design and duration

The study design was a hospital based cross-sectional study.

Study period

The present study was done for the period of one year from January 2015 to

December 2015.

Place

The present study was carried out in the Department of Medicine, KLES Dr.
Prabhakar Kore Hospital and Medical Research Centre, Belagavi a tertiary care

teaching hospital attached to Jawaharlal Nehru Medical College, Belagavi.

Sour ce of Data

Patients presenting with ischemic stroke in the Department of Generd
Medicine, and Department of Neuro-Medicine, KLES Dr Prabhakar Kore Hospital

and MRC, Belagavi were enrolled

Samplesize

A total of 100 patients with ischemic stroke were studied.
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Sampling procedure
The sample size was cal culated using the following formula as below.
Sample Size (n) = 4PQ/D?
Where,

N = Samplesize
P = Prevaence of the disease (50%)
Q=100-P

D = Absolute error considered as 10%
Therefore,  n=4x 50x (100 —50) / 10
n =100

Hence the sample size of 100 was considered for this study.
Selection criteria
Inclusion Criteria

Newly detected ischemic stroke patients.
Exclusion Criteria

Patients with following conditions were excluded
a. Oldischaemic stroke
b. intracerebral hemorrhage

c. Intracranial masslesions
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d. Deranged liver function tests and renal function tests
e. Thyroid function abnormalities

f. Patient on lipid lowering agents

g. Women on hormonal therapy

h. Neuro infections

i. Malignancy.

Ethical clearance

The study was approved by the Institutional Ethics Committee, Jawaharlal

Nehru Medica College, Belagavi prior to the commencement.

I nfor med consent

The patients who fulfilled the selection criteria were informed about the
nature of study and a written informed consent was obtained. If in any case patient is
unconscious or disoriented consent was obtained from authorised legal

representative (Annexure-1).

Data collection

The selected patients / caretakers were interviewed for the history of
presenting illness and other comorbid conditions and the demographic data, clinical
and systemic examination. These findings were tabulated on a predesigned and

pretested proforma (Annexure I1).
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I nvestigations

Venous blood samples (10 ml) were collected immediately on admission and

were subjected following investigations.

Lipoprotein ()

Lipid profile

Complete blood picture
Mini renal

Liver function tests
Thyroid function tests

CT or MRI brain scan
Fasting lipid profile is measured by following methods:

Cholesterol — Cholesterol Oxidase method.
HDL - Accelerator Selective Detergent M ethodology.
LDL- Direct Method.

TGL - Lipase or Glycerol dehydrogenase method.

Based on NCEP (National Cholesterol Education Program) guidelines’

normal values of lipid parameters were interpreted as;

= Low density lipoprotein < 100 mg/dL.
= High density lipoprotein;

= Femae> 50 mg/dL.

= Maes>40mg/dL.

= Total Cholesterol <200 mg/dL.
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=  Triglycerides < 150 mg/dL.
Measurement of Lipoprotein (a)

Estimation of lipoprotein (a) was done by Randox immunoturbido- metric

immunoassay.’®
Randox immunoturbido- metric immunoassay
I ntended use

For the quantitative in vitro determination of Lipoprotein (a) in human serum
or plasma. This product is suitable for use on the Dade Dimension® AR, ES. ARX,
XL, RXL, and XPAND analysers. (Cat No. LP 2878)

Clinical significance

The Lipoprotein (a) test system is intended to measure lipoprotein (@) in
serum. Lipoprotein (a) measurements are used to evaluate disorders of lipid

metabolism and to assess coronary heart disease in specific populations.
Principle

Agglutination occurs due to an antigen-antibody reaction between Lp(a) in a
sample and anti-Lp(a) antibody adsorbed to latex particles. This agglutination is
detected as an absorbance change at 700 nm proportional to the concentration of

Lp(a) in the sample.
Sample collection and storage

Collect serum using standard sampling tubes and plasma using tubes
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containing Li heparin, Na heparin, Na EDTA, K EDTA or citrate. The samples

should be analysed immediately or stored at -20°C or -70°C for delayed testing.

Freeze thaw cycling is not recommended.

Reagent composition

Weélls

Initial
concentration

1-2 | Lp (a) Latex Reagent

Suspension of latex particles coated with anti-Lp(a) | 0.5%

antibodies

Glycine 0.17M

Sodium chloride 01M

Sodium azide < 0.09% wiv
3-6 | Lp (a) Assay Buffer

Glycine 0.17M

Sodium Chloride 1.08 M

EDTA disodium salt 0.05M

Sodium azide < 0.09% w/v

Calculation of results

The instrument automatically calculates and prints the concentration of

Lipoprotein (a) in mg/dL using the calculation scheme illustrated in Dimension

System manual.

Normal values

Adults less than 30 mg/dL
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Study variables

Patients were evaluated for following parameters

Lipoprotein (a) levels

Risk factors

0 Hypertension

o Diabetes mellitus

Lipid profile
0 Tota Cholesterol
o HDL
0 LDL- Direct Method.

o Triglycerides

Statistical methods

The data obtained was coded and entered into Microsoft excel spreadsheet
and data was analysed using SPSS version 21. The categorical data was expressed in
terms of rates, ratios and percentages and the continuous data was expressed in
terms of mean + standard deviation. The association between the Lipoprotein (a) A
and demographic characteristics, lipid profile, risk factors was tested using Chi-
square test or Fisher’s exact test. Continuous data was compared using independent
sample ‘t’ test. At 95% confidence interval, a probability (p) value of < 0.050 was

considered as statistically significant.
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RESULTS

This one year cross-sectional study was conducted from January 2015 to
December 2015. A total of 100 patients presenting with CV A-Acute ischemic stroke
to the department of medicine and department of Neurology, KLES Dr. Prabhakar

Kore Hospital and Medical Research Centre, Belagavi were studied.

Data obtained was anaysed and the observations and interpretations were

tabulated as below.
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Table 1. Distribution of study population according to the sex

Distribution (n=100)

Sex
Number  Percentage
Mae 78 78.00
Female 22 22.00
Total 100 100.00

to the sex

22.00%

78.00%

OMale OFemale

Graph 1. Distribution of study population according

In the present study majority of the patients were males (78%). The male to

femaleratio was 3.54:1.
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Table 2. Distribution of study population according to the age

Agegroup (Years) Distribution (

n=100)

Number  Percentage

1810 30
31to40
41 to 50
51 to 60
61to 70
711080
81t0 90
Total

4 4.00
12 12.00
22 22.00
20 20.00
28 28.00
11 11.00

3 3.00

100 100.00

30% -
25% -
20% A
15% A

10% A

Distribution (%)

506 4 400%

B

0%

12.00%

to the age

28.00%

22.00%
20.00%

Graph 2. Distribution of study population according

11.00%

3.00%

1

18 to 30

31to 40

41 to 50
51 to 60
61to 70

Age group (Years)

71 to 80

81to 90

In this study most of the patients that is, 28% were aged between 61 to 70

years followed by 41 to 50 years (22%) and 51 to 60 years (20%). The mean age

was 55.64 £15.11 years
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Table 3. Distribution of study population according to theclinical features

Distribution (n=100
Clinical features Istribution (n=100)

Number Percentage
Weakness 79 79.00
Altered sensorium 53 53.00
Difficulty in speech 24 24.00
Slurred speech 23 23.00
Deviation of face or mouth 20 20.00
Difficulty in swallowing 17 17.00
Giddiness 11 11.00
Headache 8 8.00
Vomiting 8 8.00
Visual disturbance 8 8.00
Swaying 7 7.00
Tremors 4 4.00
Nausea 3 3.00
Drooping of eyelids 2 2.00
Imbalance 2 2.00
Seizures 1 1.00

Multiple features hence total not shown

Graph 3. Distribution of study population according to the
clinical features

Headache :l 8.00%
Vomiting ] 800%

Swaying ] 700%
Tremors ]4.00%

Nausea ] 3.00%
seizures | 1.00%

Slurred
speech

Visual
disturbance

X
0 9 O
100% S
2
= 80% A X
> =)
~ Q
c %)
o 60% 4 ry)
= N3 ©
3a & 3 =2 ¢
‘= 40%‘ < (=} 8 o o\o
b 3 ] = o =) ©
5 N I3\ ~ S ) °
[a) N — H o X
- n n n - - 3
00 4
N
o d L I1 11 _|-|_FI m S
1%} 193
%3 143
g £
3 2
= 0]

Imbalance ] 2.00%

Altered
sensorium
Difficulty in

speech
Deviation of
face or mouth
Difficulty in
swallowing
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Clinical features

In this study most of the patients presented with weakness (79%) followed
by atered sensorium (53%), difficulty in speech (24%) and deviation of face or

mouth (20%).
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Table4. Distribution of study population according to the medical history

Distribution (n=100)

Medical history
Number  Percentage
No associated comorbid condition 34 34.00
HTN 29 29.00
DM 20 20.00
DM with HTN 17 17.00
Total 100 100.00

Graph 4. Distribution of study population according
to the medical history

17.00%

34.00%

20.00%

29.00%

ONo associated comorbid condition OHTN ODM ODM with HTN

In the present study 29% of the patients had hypertension, 20% had diabetes

mellitus and 17% had both diabetes mellitus and hypertension.
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Tableb5. Distribution of study population according to thetotal cholesterol

Distribution (n=100)
Total cholesterol (mg/dL)
Number  Percentage

0to 200 19 19.00
> 200 81 81.00
Total 100 100.00

Graph 5. Distribution of study population according
to the total cholesterol

19.00%

81.00%

00 to 200 O> 200

In the present study majority of the patients (81%) had raised cholesterol

levels (> 200 mg/dL).
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Results

Table6. Distribution of study population according totheLDL levels

Distribution (n=100)
Low density lipoprotein (mg/dL)
Number  Percentage

<100 32 32.00
=100 68 68.00
Total 100 100.00

Graph 6. Distribution of study population according
to the LDL levels

32.00%

68.00%

0O< 100 O=100

In this study 68% of the patients had raised low density lipoprotein levels

(2100 mg/dL).
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Results

Table7. Distribution of study population according to the triglyceride levels

Distribution (n=100)
Triglyceride (mg/dL)
Number  Percentage

<150 32 32.00
> 150 68 68.00
Total 100 100.00

Graph 7. Distribution of study population according
to the triglyseride levels

32.00%

68.00%

0O <150 O> 150

In the present study 68% of the patients had raised triglyceride levels (>150

mg/dL).
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Results

Table 8. Distribution of study population according tothe HDL levels

Distribution (n=100)
High density lipoprotein (mg/dL)
Number  Percentage

<40 69 69.00
40-60 31 31.00
Total 100 100.00

Graph 8. Distribution of study population according
to the HDL levels

31.00%

69.00%

O< 40 O40-60

In this study most of the patients (69%) had low high density lipoprotein

levels (< 40 mg/dL).
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Results

Table 9. Distribution of study population according to the lipoprotein (a) levels

Distribution (n=100)
Lipoprotein (a) (mg/dL)
Number  Percentage

<30 45 45.00
=30 55 55.00
Total 100 100.00

Graph 9. Distribution of study population according
to the lipoprotein(a) levels

45.00%

55.00%

O< 30 O=30

In this study (55%) of the patients had raised lipoprotein (a) levels (=30

mg/dL).
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Results

Table 10. Association of lipoprotein (a) with sex

Lipoproten (a)

Total (n=100)

Sex <30 > 30
No % No % No %
Male 35 4487 43 5513 78 100.00
Femae 10 4545 12 5455 22  100.00
Total 45 4500 55 5500 100 100.00
p =0.961
Graph 10. Association of lipoprotein (a) with sex
60% - 55.13% 54.55%
50% - 44.87% 45.45%
S
= 40% A
e
5 30% A
=
£ 20% -
2z
10% -
0%

Male

Sex

Female

O<30 O=30

In this study no association was found between raised lipoprotein (a) with

sex (p=0.961) .
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Results

Table 11. Association of lipoprotein (a) with age

Lipoprotein (a) Total (n=100)

Agegroup (Years) <30 =30
No % No % No %

18to 30 3 75.00 1 2500 4 100.00
31to40 6 50.00 6 50.00 12 100.00
41 to 50 7 3182 15 6818 22  100.00
51to 60 10 50.00 10 5000 20 100.00
61to 70 14 5000 14 5000 28 100.00
7110 80 4 36.36 7 63.64 11 100.00
81t0 90 1 33.33 2 6667 3 100.00

Total 45 45.00 55 5500 100 100.00

p = 0.690

Graph 11. Association of lipoprotein (a) with age
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Age group (Years)

O<30 O=30

In the present study maximum patients with age between 41 to 50 years
(68.18%) had raised Lp (a) levels followed by 81 to 90 years (66.67%) but the same

was not true statistically (p=0.690).
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Results

Table 12. Association of lipoprotein (a) with total cholester ol

Lipoproten (a)
Total (n=100)
Total cholesterol (mg/dL) <30 > 30
No % No % No %
0to 200 44 5432 37 4568 81  100.00
> 200 1 526 18 9474 19 100.00
Total 45 4500 55 5500 100 100.00
p<0.001
Graph 12. Association of lipoprotein (a) with total
cholesterol
100% - 94.74%
S
g 60% - 54.32%
g 45.68%
2 40% - h
9
Q209 A
5.26%
0% . ' .
0 to 200 > 200

Total cholesterol (mg/dL)

O<30 O=30

In this study significantly higher number of patients with total cholesterol

levels of > 200 mg/dL had raised lipoprotein (a) levels (97.74%) (p<0.001).




Results

Table 13. Association of lipoprotein (a) with LDL

lipoprotein (a)
Total (n=100)
LDL (mg/dL) <30 > 30

No % No % No %

<100 19 5938 13 4063 32 100.00
>100 26 3824 42 6176 68  100.00
Total 45 4500 55 5500 100 100.00
p =0.047
Graph 13. Association of lipoprotein (a) with LDL
100% -
S 80% A
g 59.38% 61.76%
= 60% -
,-3 40.63% 38.24%
S 40% A
[%2]
2z
20% A
0% . .
<100 >100
LDL (mg/dL)
O<30 O= 30

In the present study significantly higher number of patients with LDL levels

of 2100 mg/dL had raised lipoprotein (a) levels (61.76%) (p=0.047).
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Results

Table 14. Association of lipoprotein (a) with triglycerides

Lipoproten (a)

Total (n=100)
Triglycerides (mg/dL) <30 =30

No % No % No %

150 or less 34 5484 28 4516 62 100.00
> 150 11 2895 27 7105 38 100.00
Total 45 4500 55 5500 100 100.00
p =0.021
Graph 14. Association of lipoprotein (a) with
triglycerides
80% 1 71.05%
< 60% - 54.84% -
\C/ 45.16%
i)
+= 0f -
a 40% 28.95%
B
a 20% A
0% .

150 or less > 150
Triglycerides (mg/dL)

O<30 O=30

In the present study significantly higher number of patients with raised

triglycerides (71.05%) had raised lipoprotein (a) levels (p=0.021).
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Results

Table 15. Association of lipoprotein (a) with HDL

lipoprotein (a)

Total (n=100)

HDL (mg/dL) <30 >30
No % No % No %
<40 29 4203 40 5797 69 100.00
40 - 60 16 5161 15 4839 31  100.00
Total 45 4500 55 5500 100 100.00

p=0.373

Distribution (%)

0%

80% A

(2}

o

=S
1

40% A

20% A

Graph 15. Association of lipoprotein (a) with HDL
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40 - 60

In this study most of the patients with HDL levels of < 40 mg/dL (57.97%)

had raised lipoprotein (a) levels compared to 48.39% with HDL levels of 40 to 60

mg/dL, but this difference was statistically not significant (p=0.373).
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Results

Table 16. Association of lipoprotein (a) with risk factors

lipoprotein (a)

Total (n=100)
Risk factors <30 >30

No % No % No %

DM 2 1000 18 9000 20 100.00
HTN 15 5172 14 4828 29  100.00

DM with HTN 1 588 16 9412 17  100.00

Absent 27 7941 7 2059 34  100.00
Total 45 4500 55 5500 100 100.00
p =<0.001
Graph 16. Association of lipoprotein (a) with risk
s factors ]
100% - = s 5
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In this study significantly higher number of patients with diabetes mellitus
(90%), both diabetes mellitus and hypertension (94.12%) had raised lipoprotein (@)

levels (p<0.001).
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Discussion

DISCUSSION

Stroke is one of the leading causes of death in developed countries and
constitutes a major source of disability in persons older than age 60 years. The
relation between serum lipids and lipoprotein(@) in ischemic cerebrovascular
disease (ICVD) is not as clear-cut as in coronary heart disease (CHD).”*® Studiesin
subjects with average lipid profiles indicate that raised lipoprotein(a)[Lp(a)]
concentrations are associated with myocardia infarction, coronary artery disease,

peripheral atherosclerosis and cerebral ischemia.®

Lipoprotein(a) is considered as an independent risk factor for atherosclerosis.
Due to unique structural homology with plasminogen, it interferes with the function
of plasminogen thus increasing thrombotic risk. Several studies have evaluated the
association between Lp(a)and ischemic stroke. Several cross sectional studies and a
few prospective studies provide contradictory findings regarding Lp(a) as a predictor

of ischemic stroke.*® The meager reports®®

available in Indian patients who have
different social, living and dietary habits compared to western population which
prompted us to evaluate the role of lipoprotein (a) as a marker for ischaemic

stroke.?®

The present one year hospital based cross-sectional study was done from
January 2015 to December 2015 in the Department of Medicine, KLES Dr.
Prabhakar Kore Hospital and Medical Research Centre, Belagavi. A total of 100
patients presenting with ischemic stroke from Department of General Medicine, and
Department of Neuro-Medicine, KLES Dr Prabhakar Kore Hospital and MRC,

Belagavi were studied.
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Discussion

The male sex has been listed as a risk factor for stroke.®! The same was true
in the present study as males (78%) outnumbered females (22%) with male to
female ratio of 3.45:1 suggesting male preponderance in patients with ischaemic

stroke.

In this study most of the patients that is, 28% presented with age between 61
to 70 years. While least that 4% were aged between 18 to 30 years. The mean age
was 55.64 + 15.11 years suggesting that, ischemic stroke in this study was common
among elderly age group. Age is an important non-modifiable risk factor for stroke.
The mean age of stroke onset in the South Asian region (for example, 63 years in
India and 59 years in Pakistan) is lower than in Western countries (for example,

68 yearsin the USA and 71 yearsin Italy).*®

Multiple risk factors are associated with cerebral infraction. Risk factor profile
for ischaemic stroke differs and is variable in young and elderly patients. Various
proatherothrombotic processes leading to macrovascular complications are well known.
Diabetes mellitus, hypertension, smoking, alcoholism and dyslipidemia are some of the
prominent modifiable risk factors for atherothrombotic ischaemic stroke. Other risk
factors of stroke are raised homocystein, obesity, inadequate physical activity, migraine,
oral contraceptives and hormonal supplements, fibrinogen and clotting factors,
vasculitis, collagen vascular diseases and cardiac disorders to name a few. Age, gender,
ethnic and geographical background, genetic inheritance and familial predisposition are
some of the non-modifiable risk factors of ischaemic stroke. In spite of the adequate
control of these conventional risk factors, the incidence of cerebral infarction is not
curbed, emphasizing a need to look into novel and unrecognized risk factors.® In this

study hypertension was the commonest risk factor (29%) followed by diabetes
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Discussion

mellitus (20%) and combined diabetes mellitus and hypertension were reported by
17% of the patients. A similar study by Nagraj SK et al.® from Karnataka conducted
study on 20 participants in 2011 to find the association of lipoprotein (a) and lipid
profile in thrombotic stroke patients reported diabetes in 24% of the patients and
hypertension in 43% of the patients and both diabetes and hypertension in 27.77% of

the patients.®

In the present study lipoprtotein A levels ranged between 12.2 to as high as
86.2 mg/dL and mean lipoprtotein A levels were 32.95 + 15.24 mg/dL. More than
half of the study population (55%) presented with raised Lipoprotein () levels (=30
mg/dL). That is, amost every second patients with ischaemic stroke had raised
Lipoprotein (a) A levels. These findings suggest that, the Lipoprotein (a) A levels
tend to be profoundly high in patients with ischarmic stroke. These findings were
consistent with the several other studies in the literature by Van Kooten et a.,”*
Milionis, HJ. et a.,® The Atherosclerosis Risk in Communities (ARIC) study,”

Rigal et al.

A recent meta-analysis by Smolders B et al.® tried to combine the data from
the available literature in order to define the possible association of Lp(a) with
stroke. The data analysis from 31 studies with 56010 subjects and >4,609 stroke

events concluded that Lp(a) isarisk factor for cerebrovascular disease (CeVD).

Van Kooten et a.”* measured Lp(a) concentration in plasma from 151
patients with acute ischemic stroke and followed them up for a mean period of 2.5

+/- 1.2 years. The results showed that Lp(a) is increased in about one third of
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patients with acute ischemic stroke, but it is not associated with the cardiovascular

risk profile, stroke characteristics or the prognosis of these patients.

A population-based case-control study by Milionis, HJ et al.** compared
Lp(a) plasma concentration of 163 patients with first-ever-in-alifetime acute
ischemic non-embolic stroke and 166 healthy subjects and concluded that stroke
patients exhibited higher Lp(a) concentrations (p<0.001) associated with a higher

prevaence of small apo (a) isoforms.

In a prospective study by Wiberg B et a.® with a follow up period of 32
years, 2,313 men were enrolled at the age of 50. At the end of the follow up period
421 incidence stroke had occurred. The analysis of Lp(a) plasma concentration

concluded that Lp(a) constitutes an independent risk factor for stroke.

The Atherosclerosis Risk in Communities (ARIC) study®® enrolled 14,221
subjects of both sexes and after a follow-up period of 13.5 years, there were 496
incident ischemic strokes. The analysis of the baseline levels of Lp(a) concluded that
participants with Lp(a) >300ug/ml had a 79% increased age, sex, and race-adjusted
hazard ratio of ischemic stroke than did those with Lp(a) <100ug/ml. There was an
association of Lp(a) with the incidence of ischemic stroke in black and white women

and in black men, but not in white men.

Rigd et a.®” compared Lp(a) levels between 100 patients with acute
ischemic stroke and 100 healthy subjects and noted that even a dight elevation in
Lp(@ plasma concentration was strongly and independently associated with

ischemic stroke in men, but not in women.
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Discussion

In the present study with regard to lipid profile, magority of the patients
(81%) had raised cholesterol levels (>200 mg/dL). Raised Low density lipoprotein
levels (>100 mg/dL) were noted in 68% of the patients. Raised (150mg/dL)
Triglyceride levels were noted in 68% of the patients. Most of the patients had
(69%) lower high density lipoprotein levels (< 40 mg/dL). Furthermore the mean
total cholestereol levels (175 = 40.88 mg/dL) were suggestive of
hypercholesterolaemia and mean LDL (124 = 44.90 mg/dL) levels were also high
while mean HDL levels were low (34.5 + 9.51 mg/dL) but mean triglyceride levels
were normal (134.1 + 56.97 mg/dL). Data from prospective studies in male patients
have shown that in the presence of total serum cholesterol values > 240 to 270
mg/dL, there is an increase in the rates of ischemic stroke.®>® The risk of ischemic
stroke in both gendersis clearly related with dyslipidemia. In men, low HDL level is
arisk factor for cerebral ischemia but data in women are inconclusive. Because high
levels of LDL are clearly related with a higher cardiovascular risk, adequate control
of LDL cholesteral is recommended (e.g., National Cholesterol Education Program
11l guidelines) in subjects without history of cerebrovascular accident.”” High
triglyceride levels are a component of the metabolic syndrome. In a study of 11117
patients with coronary heart disease, cerebral infarctions were significantly
associated with high serum levels of triglycerides and low levels of HDL

cholesterol .

In this study almost equal number of males (55.13%) and females (54.55%)
had raised Lipoprotein (a) levels (p=0.961) suggesting lack of association between
raised Lipoprotein (a) levels with sex. In contrast to these observations, The

Cardiovascular Health Study, conducted among 3972 elderly people, showed that higher
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Lp(a) levels were independently associated with increased risk of stroke in men but not
in women.12 Another prospective study of 11335 middle-aged whites reported
significant positive associations between Lp(a) and stroke/ TIA incidence in men but
not in women.® On the other hand, the Framingham Heart Study showed that
elevated plasma Lp(a) was an independent predictor of stroke/TIA in 3103 middle-

aged women.**

In the present study Maximum patients with age between 81 to 90 years had
raised lipoprotein (a) levels (66.67%) while 25% of the patients aged between 18 to
30 years had raised lipoprotein (a) levels but this difference was statistically not
significant (p=0.646). these findings suggest lack of association between raised
lipoprotein (a) levels and age. These findings were consistent with observations
made by Wityk RJ et a. who measured Lp(a) levels of 110 young women (15-44
years of age) with cerebral infarction and 216 age-matched controls and showed no
association of Lp(a) plasma concentration with stroke in this population group.*
Another study by Abucher JF et al.** compared Lp(a) levels of 94 patients aged 15-
45 years with acute ischemic stroke, with 111 age matched controls and did not find
any differences. It is of interest that in this study a very low rate of angiographically
evident atherosclerosis was detected (3.2%). The findings of the present study were
consistent with observations made by Wityk RJ et a.* and Abucher JF et a.*
however, these studies were conducted with case control control design hence the
findings of this study could be compared with the studies by Wityk RJ et a.* and

Abucher JFet a.%®

In this study significantly higher number of patients (94.74%) with

cholesterol levels of >200 mg/dL had raised lipoprotein (a) levels compared to
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45.68% of the patients who has cholesterol levels of < 200 mg/dL (p<0.001)
suggesting strong association between raised lipoprotein (a) levels with

hypercholesterolaemiain patients with ischaemic stroke.

In the present study raised LDL levels were strongly associated with raised
lipoprotein (a) levels as significantly higher number of patients (61.76%) with LDL

levels of > 100 mg/dL had raised lipoprotein (a) levels (p=0.047).

In this study 57.97% of the patients with HDL levels of <40 mg/dL had
raised lipoprotein (a) levels compared to 48.39% of the patients with HDL levels of

40 to 60 mg/dL. This difference was statically not significant (p=0.373).

In the present study significantly higher number of patients with (71.05%)
hypertriglyceridemia had raised lipoprotein (a) levels (p=0.021) indicating strong

association between hypertriglyceridemia and raised lipoprotein (a) levels.

Overdl these findings postulate strong association  between
hypercholesterolaemia, raised LDL levels and hypertriglyceridemia with raised
lipoprotein (a) levels. These findings are consistent with the studies by Jurgens et al.

and Muralidhar L. et al.

Jurgens et a.* in their study on lipoprotein (a) and other lipid factors on
ischemic vascular disease found significant correlation between LDL cholesterol and
ischemic stroke. These observations were consistent with the present study despite

of methodological differences.
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Recently Muralidhar L. et a.? in Indiafound statistically positive correlation
between serum Total cholesterol, Triglycerides, LDL levels and the risk of stroke.

Elevated serum Lp(a) was an independent risk factor of ischemic stroke.

In this study significantly higher number of patients with risk factors of
diabetes mellitus (90%), both diabetes mellitus and hypertension (94.12%) had
raised lipoprotein A levels (p<0.001) compared to those who did not had any risk
factoras (20.59%). These findings suggest that, patients presenting ischamic stroke
having history of diabetes mellitus are likely to have raised lipoprotein () levels. In
contrast to these observations de Almeida-Holanda MM et a.* in 2005 showed that
there were no significant differences between diabetic and non-diabetic patients’
serum Lp(a) levels, and elevated Lp(a) levels were associated with ischemic stroke,

irrespective of the presence of type 2 diabetes mellitus (type 2 DM).

Overdl the present study showed that, the lipoprotein (a) levels are raised in
patients presenting with ischaemic stroke. The Potential limitation of this study was
the study design that is, cross-sectional study which limited us to ascertain the
relative risk in patients with raised lipoprotein levels. While, the case control study
deign would have yielded relative risk of stroke. Furthermore small sample size and
single centre study limit us to generalize these observations to the entire population.
Further case control studies involving different types of stroke with large sample

Size may elaborate the precise role of lipoprotein A in patients with stroke.

66



Conclusion

CONCLUSION

Based on the findings of this study it may be concluded that, lipoprotein (a)
is raised in patients with ischaemic stroke. The rise in lipoprotein (a) levels is
associated with risk factors of stroke that is, hypercholesterolaemia, raised LDL
levels and hypertriglyceridemia. The rise in lipoprotein (a) levels is aso associated
with diabetes mellitus and both diabetes mellitus and hypertension. However, the

risein lipoprotein (a) levelsis not influenced by sex and age.
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Summary

SUMMARY

Lipoprotein(a) is considered as an independent risk factor for atherosclerosis.
Few prospective studies provide contradictory findings regarding Lp(a) as a
predictor of ischemic stroke. The present study was aimed to evauate the role of

lipoprotein(a) as a marker for ischaemic stroke.

The present one year cross-sectional study was conducted from January 2015
to December 2015. A total of 100 patients presenting with Iscahemic stroke in the
Department of Medicine and Department of Neuro-Medicine, KLES Dr. Prabhakar
Kore Hospital and Medical Research Centre, Belagavi were studied. All the patients
were investigated for Lipoprotein(a) levels. The salient findings of the study are as

summarised below.

Magjority of the patients were males (78%) and male female ratio was 3.45:1.

The most common age group was 61 to 70 years (28%) and the mean age

was 56.04 + 14.02 years.

The most common clinical presentation was weakness (79%) followed by
atered sensorium (53%), difficulty in speech (23%) and deviation of face or

mouth (20%).

Hypertension (29%), was the most common risk factor followed by diabetes

mellitus (20%) while both diabetes mellitus and hypertension (17%).
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Summary

More than half of the study population (55%) had raised Lipoprotein A
levels (230 mg/dL). The mean lipoprotein(a) levels were 32.95 + 15.24

mg/dL.

Majority of the patients (81%) had raised cholesterol levels (> 200 mg/dL).

The mean cholesterol levels were 175 +40.88 mg/dL.

Most of the patients had raised Low density lipoprotein levels (68%) (>100

mg/dL). The mean LDL levelswere 124 +44.8 mg/dL.

68% of the patients had raised (150mg/dL) Triglyceride levels. The mean

triglyceride levels were noted in as 134.1 +56.97 mg/dL.

Raised lipoprotein(a) levels were associated with hypercholesteolaemia
(p<0.001), LDL (p=0.047) and raised triglycerides levels (p=0.021). Also
significant association was noted with risk factors viz. diabetes mellitus, and

both diabetes mellitus and hypertension (p<0.001).

However raised lipoprotein(a) was independent of sex (p=0.961), age

(p=0.646) and HDL levels (p=0.373).

Hence it may be concluded that, lipoprotein (@) is raised in patients with

ischaemic stroke. Furthermore, the rise in lipoprotein a levels is associated with

hypercholesterolaemia, raised LDL levels, hypertriglyceridemia and diabetes

mellitus. However, the rise in lipoprotein (a) levels are not influenced by sex, age

and HDL.
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Annexure |

ANNEXURE | - CONSENT FORM

Title of research study: ESTIMATION OF LIPOPROTEIN (a) IN ACUTE
ISCHEMIC STROKE
Principal investigator:

Dr kkkk kkkkk kkhkkkk%x

Post graduate student,

Department of general medicine,
Jawaharlal Nehru Medical College,
Belagavi — 590 010

I ntroduction and purpose

Strokes (cerebrovascular accidents) are considered to be one of the most
common causes of life threatening neurological disease, causing mortality and long
term severe disability in people. It continues to be the third leading cause of death
after heart disease and cancer.

The burden of stroke is quite significant and its prevalence is increasing in
younger age groups.

Since in many patients, a stroke event cannot be explained on the basis of
conventional risk factors, for the last 8-10 years, newer risk factors for stroke are
being studied and need for further research on serum lipoprotein(a) and its
relationship to ischemic stroke in Indian population in particular and to find novel
methods for its prevention and management.

Procedure

If you agree to be part of the research study, you will be asked the relevant

history and will be subjected to relevant clinical examination and investigations.

You will also have to give blood, urine and need of CT/MRI brain scans are the

necessary investigations.




Annexure |

Risksand benefits

The only risk and possible discomfort you might get is while taking blood
samples for the investigations. It may cause swelling, pain, redness bruising or
infection (rarely happens) at the site from where the samples are drawn. Benefit is
recognizing the well defined precipitating factors / novel markers for ischemic
stroke to prevent mortality.
Alternatives

Taking part in this study is voluntary. Y ou may choose not to take part in this
study, or if you decide to take part you can later change your mind and withdraw
from the study. Your decision will not change the present or future health care or
other services that you receive. The study doctor or sponsor may stop your
participation in this study at any time. If you choose not to take part in the study,
you will receive the standard treatment for patients with your condition.
Privacy and confidentiality

All information collected about you during the course of this study will be
kept confidential to the extent permitted by law. The code numbers will identify you
in this research record. Information from this study may be published but your
identity will be confidential in any publication.
| nstitution/sponsor y’compensation

In case of any injury related to the study, treatment will be made available at
KLES Dr. Prabhakar Kore Hospital and Medical Research Centre, Belagavi. There
IS no compensation or payment for such medical treatment by law.
Financial incentivesfor participants

You will not be paid/offered any giftsincentives for participating in the

study.
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Authorisation to publish theresults

The results of the study would be forwarded to the KLE University, Bel agavi
as part of requirement towards the completion of MD degree, review and publishing.
Questions/contact details

In case of the queries during study you may contact following persons.

1) Dr kkhkkk khkkkhk kkhkkkk*k

Investigator,

Post Graduate in General Medicine,
Jawaharlal Nehru Medical College,
Belagavi — 590 010

Phone no *kkkkk khkkkk*k

2) Dr *kk*k kkkk%k

Professor and Head of Department
Dept. of General Medicine,
Jawaharlal Nehru Medical College,
Belagavi — 590 010

Phone no *kkkk kkkkkk%k

In case of any queries regarding your rights as participant you can contact the
following person.

3) DR. *** *x*x** Chairman,
Jawaharlal Nehru Medical College,
Ethical committee for human research
Phone no *kk*k kkkk*%x

EXtn: ****
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CONSENT STATEMENT RELATIVE

| voluntarily agree for the participation of my to take part in this
study by signing below. | may withdraw my at any time. | am not giving
up any of my legal rights by signing this form. My signature below

indicates that | have read, or it has been read to me, this consent form, and have had
all the questions answered.

Name of the participant

Signature/ Thumb print

Name of the legal representative

Signature/ Thumb print

Investigator name

Signature

Date

Place :
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ANNEXURE Il - PROFORMA

Case No

In Patient Number

Name

Age/Sex

Address

Occupation

Complaints at Presentation
Past History

Treatment History
Physical Examination

General Condition

Pallor

Icterus

Lymphadenopathy

Cyanosis

Clubbing

Edema

Vitals
Temperature
Pulse
Respiratory rate

Blood pressure

Yes/No

Yes/No

Yes/No

Yes/No

Yes/No

Yes/No
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Systemic examination
Respiratory system
Cardiovascular system
Per abdomen
Central nervous system

I nvestigations
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ACA

B/L

BP

CCB

Co

CT

CVA

DM

Doc

EIM2VT

F

FP

F.P.O

GTCS

HW

H/O

HDL

HTN

LDL

LL

LOC

ANNEXURE Il - KEY TO MASTER CHART

Anterior cerebra artery
Bilateral

Blood pressure

Calcium channel blocker
Conscious

Computed tomography
Cerebrovascular accident
Diabetes mellitus

Doctor

GSC scae (Eye/Motor/Verbal)
Female

Frontol parietal

Fronto parieto occipita
Generalised tonic clonic seizures
House wife

History of

High density lipoprotein
Hypertension

Injection

Left

Low density lipoprotein
Lower limb

Loss of consciousness
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Lp(a)

MCA
mg
mg/dL
mmHg
MRI
NVBS
OHA
P.T
PCA

R UL

R.F.P.L
R.H Pr
Rt.

Rtd

T.P
T.P.O
TSH
UL
UMN

VBI

Lipoprotien A

Mae

Middle cerebral artery
miligram

milligram per deciliter
Millimeters of mercury
Magnetic resonance imaging
Normal vesicular breath sound
Ora hypoglycaemic agents
Parieto temporal

Posterior cerebral artery
Right upper limb

Right

Right facia palsy

Right hemiparesis

Right

Retired

Tablet

Temporo parieto

Temporo parieto occipital
Thyroid stimulating hormone
Upper limb

Upper motor neuron

Vertebro basilar insufficiency

91



Chapter 9

Bibliography




Bibliography

BIBLIOGRAPHY

. Aho K, Harmsen P, Hatano S, Marquardsen J, Smirnov VE, Strasser T.
Cerebro vascular disease in the community: Results of a WHO

collaborative study. Bull World Health Organ 1980;58:113-30.

. Fauci AS, Kasper DS, Longo DL, Braunwald E, Hauser SL, Jameson JL,
et al. Harrison’s principles of internal medicine. United States; McGraw

Hill: 2015.

. Feschi C, Argentino C, Rasura M. Italian study of reversible ischemic
attacks. Report of a meeting in Rome, Oct. 14-16, 1980. Stroke 1981;12:

293-5.

. Von Arbin M, Britton M, De Fare U, Tisdl A. Circulatory
Manifestations and Risk Factors in Patients with Acute Cerebrovascul ar

Disease and in Matched Controls. Acta Med Scand 1985;218:373-80.

. Pessah-Rasmussen H, Engstrom G, Jerntorp |, Janzon L. Increasing stroke
incidence and decreasing case fatality, 1989- 1998: A study from the

stroke register in Mamo, Sweden. Stroke 2003;34:913-8.

Nagarg SK, Pai P, Bhat G, Hemalatha A. Lipoprotein (a) and other Lipid
Profile in Patients with Thrombotic Stroke: Isit a Reliable Marker? J Lab

Physicians. 2011 Jan-Jun; 3(1): 28-32.




Bibliography

7.

10.

11.

12.

13.

Community prevention and control of cardiovascular diseases. Report of a
WHO Expert Committee. World Health Organ Tech Rep Ser. 1986;732:1-

62.

Shah B, Mathur P. Workshop Report on Stroke Surveillance in India,
Divison of noncommunicable Diseases. New Dehi, India Indian

Council of Medical Research: 2006.

Govt. of India, Central Bureau of Headth Intelligence, Nationa Heath
Profile 2008. New Delhi: Directorate General of Health Sciences; 2008. p.

102.

Prasad K, Singhal KK. Stroke in young: An Indian perspective. Neurol

India 2010;58:343-50.

Hariklia VD, Apostolos H, Haradambosk. The Role of Uric Acid in

Stroke. The Issue Remains Unresolved. The Neurologist 2008;14:238-42.

Anand K, Chowdhury D, Singh KB, Pandav CS, Kapoor SK. Estimation
of mortality and morbidity due to strokes in India. Neuroepidemiology

2001;20(3):208-11.

Schellinger PD, Fiebach JB, Mohr A, Ringleb PA, Jansen O, Hacke W.
Thrombolytic therapy for ischemic stroke--a review. Part 11--Intra-arteria
thrombolysis, vertebrobasilar stroke, phase IV trids, and stroke imaging.

Crit Care Med 2001;29(9):1819-25




Bibliography

14. Sethi PK. Stroke - Incidence in India and Management of Ischaemic

stroke. Neuroscience 2002;6(3):139-43.

15. Luitse MJ, Biessdls GJ, Rutten GE, Kappelle LJ. Diabetes,
hyperglycaemia, and acute ischaemic stroke. Lancet Neurol 2012;11(3):

261-71.

16. Lippi G, Guidi G. Lipoprotein (a): From ancestral benefit to modern

pathogen? QJM 2000;93:75-84.

17. Trommsdorff M, Kochl S, Lingenhel A, Kronenberg F, Delport R,
Vermaak H, et al. A pentanucleotide repeat polymorphism in the 5’
control region of the apolipoprotein (a) gene is associated with lipoprotein

(@) plasma concentrations in Caucasians. J Clin Invest 1995;96:150-7.

18. Lippi G, Guidi G. Standardization and clinica management of lipoprotein

() measurements. Clin Chem Lab Med 1998;36:5-16.

19. Mclean JW, Tomlinson JE, Kuang WJ, Eaton DL, Chen EY, Fless GM, et
a. cDNA sequence of human apolipoprotein(a) is homologous to

plasminogen. Nature. 1987;330:132-7.

20. Milionis HJ, Winder AF, Mikhailidis DP. Lipoprotein (a) and stroke. J

Clin Pathol 2000;53:487-96.

21. Utermann G, Hoppichler F, Dieplinger H, Seed M, Thompson G,
Boerwinkle E. Defects in the low density lipoprotein receptor gene affect

lipoprotein (@) levels: Multiplicative interaction of two gene loci




Bibliography

associated with premature atherosclerosis. Proc Natl Acad Sci U S A

1989;86:4171-4.

22. Rath M, Niendorf A, Reblin T, Dietel M, Krebber HJ, Belsege U.
Detection and quantification of lipoprotein (a) in the arterial wall of 107

coronary bypass patients. Arterioscler Thromb Vasc Biol 1989;9:579-92.

23. Aznar J, Estellés A, Breté M, Espafia F. Euglobin clot lysis induced by
tissue type plasminogen activator in subjects with increased levels and

different isoforms of lipoprotein (a) Thromb Res 1993;72:459-65.

24. Edelberg M, Pizzo SV. The inhibition of tissue type plasminogen
activator inhibitor- 1. The effects of Fibrinogen, Heparin, Vitronectin and

lipoprotein (a) J Biol Chem 1991;266:7488-93.

25. Buechler C, Ullrich H, Ritter M, Porsch-Oezcueruemez M, Lackner KJ,
Barlage S, et a. Lipoprotein (a) up- regulates the expression of the
plasminogen activator inhibitor 2 in human blood monocytes. Blood

2001,;97:981-6.

26. Caplice NM, Panetta C, Peterson TE, Kleppe LS, Mueske CS, Kostner
GM. Lipoprotein (a) binds and inactivates tissue factor pathway inhibitor:
A novel link between lipoproteins and thrombosis. Blood. 2001;98:2980-

7.

27. Graigner DJ, Kirchenlohr HL, Metcafe JC, Weissberg PL, Wade DP,
Lawn RM. Proliferation of human smooth muscle cells promoted by

lipoprotein (a) Science 1993;260:1655-8.




Bibliography

28.

29.

30.

31

32.

33.

Daa P. Strokes (CVD) in India: Session 1- 9: The first Asian pacific
symposium on Stroke: Sesson |, Panel discussion present status of stroke

problems in each country. Jpn Circ J 1982;46:621-4.

Muralidhar L, Sridhar D, Balargju G, Deepika. Study of Lipoprotein ain
Ischemic Stroke Patients. International J Scientific Research Publications,

2015;5(5):1-7.

Mcllroy SP, Dynan KB, Lawson JT, Patterson CC, Passmore AP.
Moderately elevated plasma homocysteine, methylenetetrahydrofolate
reductase genotype and risk factor for stroke, vascular dementia and

Alzhaeimer disease in Northern Ireland. Stroke 2002;33:2351-6.

Nilsen ML. A historical account of stroke and the evolution of nursing

care for stroke patients. J Neurosci Nurs 2010;42(1):19-27.

Zhang Y, Chapmanam, Plested M, Jacksond, Purroy F. The incidence,
prevalence, and mortality of stroke in France, Germany, Italy, Spain, the
UK and US: A literature Review. Stroke Res Treatment 2012;Article ID

436125: 11 pages.

Kadojic D, Dikanovic M, Bitunjac M, Vuletic V, Cenjic L, Bijelic BR.

Epidemiology of stroke. Periodicum Biologorum 2012;114(3):253-7.

. Mehndiratta MM. Current status of trends in ischaemic and haemorrhagic

strokes. Neuroepidemiology 2012;39:43-4.




Bibliography

35.

36.

37.

38.

39.

40.

41.

Feigin VL, Lawes CM, Bennett DA, Barker-Collo SL, Parag V.
Worldwide stroke incidence and early case fatality reported in 56
popul ation-based studies. a systematic review. Lancet Neurol 2009; 8(4):

355-69.

Taylor FC, Kumar SK. Stroke in India Factsheet (Updated 2012).

Hyderabad: South Asia Network for Chronic Disease; 2012.

Prasad K, Vibha D, Meenakshi. Cerebrovascular disease in South Asia

Part |: aburning problem. JRSM Cardiovasc Dis 2012;1:20.

Wasay M, Khatri |A, Kaul S. Stroke in South Asian countries. Nature Rev

Neurol 2014;10:135-43.

Dala PM, Bhattacharjee M, Vairde J, Bhat P. Mumbai stroke registry
(2005-2006) surveillance using WHO steps stroke instrument challenges

and opportunities. J Assoc Phys India 2008;56:675-80.

The VITATOPS Tria Study Group. The VITATOPS (Vitamins to
Prevent Stroke) Tria: Rationadle and design of an international, large,
simple, randomised trial of homocysteine-lowering multivitamin therapy
in patients with recent transient ischaemic attack or stroke. Cerebrovasc

Dis 2002;13: 120-6.

Shiber JR, Fontane E, Adewale A. Stroke registry: hemorrhagic vs

ischemic strokes. Am J Emerg Med 2010;28(3):331-3.




Bibliography

42.

43.

45.

46.

47.

48.

Das SK, Banerjee TK, Biswas A, Roy T, Raut DK, Mukherjee CS, et al.
A prospective community-based study of stroke in Kolkata, India. Stroke

2007,38:906-10.

Dda PM, Malik S, Bhattacharjee M, Trivedi ND, Vairale J, Bhat P, et al.
Population-based stroke survey in Mumbai, India: incidence and 28-day

case fatality. Neuroepidemiology 2008;31:254-61.

. Nagargja D, Gururgy G, Girish N, Panda S, Roy AK, Sarma GR, et al.

Feasibility study of stroke surveillance: data from Bangalore, India

Indian J Med Res 2009;130:396-403.

Kaul S, Sunitha P, Suvarna A, Meena AK, Uma MM, Reddy JM.
Subtypes of ischemic stroke in a metropolitan city of South India (one
year data from a hospita based stroke registry). Neurol India

2002;50(Suppl.):S8-14.

Jauch EC, Lutsep HL. Ischaemic stroke. Available from: URL:
http://emedi cine.medscape.com/article/1916852-overview#aw2aab6b2b4

Access Date:18.08.2013

Hinkle JL, Guanci MM. Acute ishaemic review. J Neurosci Nurs 2007;

39(5):285-293, 310.

Harbison J, Hossain O, Jenkinson D, Davis J, Louw S, Ford GA.
Diagnostic accuracy of stroke referral from primary care, emergency
room physicians, and ambulance staff using the face arm speech test.

Stroke 2003;34(1):71-6.




Bibliography

49.

50.

Tirschwell DL, Longstreth WT, Becker KJ, Gammans RE, Saboujian LA,
Hamilton S, et a. Shortening the NIH stroke scale for use in the

prehospital setting. Stroke 2002;33(12):2801-6.

Sahni R. Acute stroke: Implications for prehospital care. Prehospital

Emergency Care 2000;4(3):270-2.

51. Adams HP, Adams R, Brott T, Zoppo GJ, Furlan AJ, Goldstein LB, et al.

52.

53.

55.

Guidelines for the early management of patients with ischemic stroke.

Stroke 2003;34(4):1056-83.

Muir KW, Buchan AM, von Kummer R, Rother J, Baron JC. Imaging of

acute stroke. Lancet Neurol 2006;5:744-68.

Maumdar B, Debnath T, Roy S, Chakraborty A, PaL PS, Monda MC.
Relation of antioxidant status and lipoprotein (a) level in myocardial
infarction patients: A Clinica Study To Evaluate The Antioxidant/
Lipoprotein (@) ratio as a novel parameter to indicate cardiovascular

accident. J Biomed Pharm Res 2016;5(2):6-13.

. Koschinsky ML, Marcovina SM. Structure-function relationships in

apolipoprotein(a): insights into lipoprotein(a) assembly and pathogenicity.

Curr Opin Lipidol 2004;15:167-74.

Nordestgaard BG, Chapman MJ, Ray K, Borén J, Andreotti F, Watts GF,
et a for the European Atherosclerosis Society Consensus Panel.
Lipoprotein(@) as a cardiovascular risk factor: current status. Eur Heart J

2010:31(23):2844-53,




Bibliography

56.

57.

58.

59.

60.

61.

62.

Utermann G. Lipoprotein(a) In: Scriver CR, Beaudet AL, Sly WS, Valle
D, editors. The Metabolic and Molecular Bases of Inherited Disease. 8th

ed. New York: McGraw-Hill; 2001.

Smith GD, Ebrahim S. Mendelian randomization: prospects, potentials,

and limitations. Int J Epidemiol. 2004;33:30-42.

Nielsen LB. Atherogenecity of lipoprotein(a) and oxidized low density
lipoprotein: insight from in vivo studies of arterial wall influx,

degradation and efflux. Atherosclerosis 1999;143:229-43.

Lundstam U, Hurt-Camejo E, Olsson G, Sartipy P, Camego G, Wiklund
O. Proteoglycans contribution to association of Lp(a) and LDL with
smooth muscle cell extracellular matrix. Arterioscler Thromb Vasc Biol

1999;19:1162-7.

Bdeir K, Cane W, Canziani G, Chaiken |, Weisel J, Koschinsky ML, et al.
Defensin promotes the binding of lipoprotein(a) to vascular matrix.

Blood. 1999;94:2007-19.

Boonmark NW, Lou XJ, Yang ZJ, Schwartz K, Zhang JL, Rubin EM, et
al. Modification of apolipoprotein(@) lysine binding site reduces

atherosclerosisin transgenic mice. J Clin Invest 1997;100:558-64.

Sotiriou SN, Orlova VV, Al-Fakhri N, Ihanus E, Economopoulou M,
Isermann B, et al. Lipoprotein(a) in atherosclerotic plagues recruits
inflammatory cells through interaction with Mac-1 integrin. FASEB J

2006;20:559-61.

10



Bibliography

63.

65.

66.

67.

68.

Tsimikas S, Brilakis ES, Miller ER, McConnell JP, Lennon RJ, Kornman
KS, et a. Oxidized phospholipids, Lp(a) lipoprotein, and coronary artery

disease. N Engl JMed 2005;353:46-57.

. Tsimikas S, Tsironis LD, Tselepis AD. New insights into the role of

lipoprotein(a)-associated lipoprotein-associated phospholipase A2 in
atherosclerosis and cardiovascular disease. Arterioscler Thromb Vasc

Biol. 2007;27:2094-9.

Kronenberg F, Kronenberg MF, Kiechl S, Trenkwalder E, Santer P,
Oberhollenzer F, et a. Role of lipoprotein(2) and apolipoprotein(a)
phenotype in atherogenesis: prospective results from the Bruneck study.

Circulation. 1999:100:1154-60.

Marcovina SM, Koschinsky ML, Albers JJ, Skarlatos S. Report of the
National Heart, Lung, and Blood Institute Workshop on Lipoprotein(a)
and Cardiovascular Disease: recent advances and future directions. Clin

Chem. 2003;49:1785-96.

Graham I, Atar D, Borch-Johnsen K, Boysen G, Burell G, Cifkova R, et
a. European guidelines on cardiovascular disease prevention in clinical

practice: executive summary. Eur Heart J. 2007;28:2375-2414.

Grundy SM, Cleeman JI, Merz CN, Brewer HB, Clark LT, Hunninghake
DB, et a. Implications of recent clinical trials for the National Cholesterol
Education Program Adult Treatment Panel 1l guidelines. Arterioscler

Thromb Vasc Biol 2004;24:e149-61.

11



Bibliography

69.

70.

71.

72.

73.

74.

75.

Bruckert E, Labreuche J, Amarenco P. Meta-analysis of the effect of
nicotinic acid alone or in combination on cardiovascular events and

atherosclerosis. Atherosclerosis 2010;210:353-61.

Carlson LA, Rosenhamer G. Reduction in mortality in the Stockholm
Ischemic Heart Disease Secondary Prevention Study by combined
treatment with clofibrate and nicotinic acid. Acta Med Scand

1988;233:405-18.

Chapman MJ, Redfern JS, McGovern ME, Gira P. Niacin and fibrates in
atherogenic dydlipidemia: pharmacotherapy to reduce cardiovascular risk.

Pharmacol Ther 2010;126:314-5.

Maher VM, Brown BG, Marcovina SM, Hillger LA, Zhao XQ, Albers JJ.
Effects of lowering elevated LDL cholesterol on the cardiovascular risk of

lipoprotein(a) JAMA 1995;274:1771-4.

Schreiner PJ, Chambless LE, Brown SA, et a. Lipoprotein (a) as a
correlate of stroke and transient ischemic attack prevalence in a biracia
cohort: the ARIC study. Atherosclerosis risk in communities. Ann

Epidemiol 1994;4:351-9.

Van Kooten F, van Krimpen J, Dippel DW, et a. Lipoprotein (a) in

patients with acute cerebral ischemia. Stroke 1996;27:1231-5.

Lindgren A, Nilsson-Ehle P, Norrving B, Johansson BB. et a. Plasma
lipids and lipoproteins in subtypes of stroke. ActaNeurol Scand

992;86:572-8.

12



Bibliography

76. Nagayama M, Shinohara T.Lipoprotein(a) and ischaemic cerebrovascular

disease in young adults. Stroke 1994;25(1):74-8.

77. Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults. Executive Summary of the Third Report of The
National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, And Treatment of High Blood Cholesterol In

Adults (Adult Treatment Panel I11). JAMA 2001; 285: 2486-97.

78.

79.Tel GS, Crouse JR, Furberg CD. Relation between blood lipids,
lipoproteins, and cerebrovascular atherosclerosis: A review. Stroke 1988;

19: 423-30.

80. Pedro-Botet J, Senti M, Nogués X, Rubiés-Prat J, Roquer J,
D'Olhaberriague L, et a. Lipoprotein and apolipoprotein profile in men
with ischemic stroke. Role of lipoprotein(a), triglyceride-rich lipoproteins,

and apolipoprotein E polymorphism. Stroke 1992;23(11):1556-62.

81. Gorelick PB. Stroke prevention. Arch Nuerol 1995;52:347-55.

82. Arboix A. Cardiovascular risk factors for acute stroke: Risk profilesin the
different subtypes of ischemic stroke. World J Clin Cases 2015;3(5):

418-29.

83. Smolders, B. Lemmens, R. Thijs, V. Lipoprotein (a) and stroke: a meta-

analysis of observational studies. Stroke 2007;38(6):1959-66.

13



Bibliography

84.

85.

86.

87.

88.

89.

Milionis, HJ, Filippatos TD, Loukas T, Bairaktari, ET, Tselepis AD,
Elisaf MS. Serum lipoprotein(a) levels and apolipoprotein(a) isoform size
and risk for first-ever acute ischaemic nonembolic stroke in elderly

individuals. Atherosclerosis 2006;187(1):170-6.

Wiberg B, Sundstrom J, Arnlov J, Terent A, Vessby B, Zethelius B, Lind
L. Metabolic risk factors for stroke and transient ischemic attacks in
middle-aged men: a community-based study with long-term follow-up.

Stroke 2006;37(12):2898-903.

Ohira T, Schreiner PJ, Morrisett JD, Chambless LE, Rosamond WD,
Folsom AR. Lipoprotein(a) and incident ischemic stroke: the
Atherosclerosis Risk in Communities (ARIC) study. Stroke 2006;37(6):

1407-12.

Rigad M, Ruidavets JB, Viguier A, Petit, R, Perret B, Ferrieres J, et al.
Lipoprotein (a) and risk of ischemic stroke in young adults. J Neurol Sci,

2007; 252 (1): 39-44.

Hankey GJ. Potential new risk factors for ischemic stroke: what is their

potential ? Stroke 2006;37:2181-8.

Goldstein LB, Adams R, Alberts MJ, Appel LJ, Brass LM, Bushnell CD,
et a. Primary prevention of ischemic stroke: a guideline from the
American Heart Association/American Stroke Association  Stroke
Council: cosponsored by the Atherosclerotic Peripheral Vascular Disease

Interdisciplinary Working Group; Cardiovascular Nursing Council;

14



Bibliography

Clinica Cardiology Council; Nutrition, Physical Activity, and
Metabolism Council; and the Quality of Care and Outcomes Research
Interdisciplinary Working Group: the American Academy of Neurology

affirms the value of this guideline. Stroke 2006;37:1583-633.

90. Nguyen TT, Ellefson RD, Hodge DO, Bailey KR, Kottke TE, Abu-
Lebdeh HS. Predictive value of electrophoretically detected lipoprotein(a)
for coronary heart disease and cerebrovascular disease in a community-

based cohort of 9936 men and women. Circulation 1997;96:1390-7.

91. Bostom AG, Gagnon DR, Cupples LA, Wilson PW, Jenner JL, Ordovas
JM, et al. A prospective investigation of elevated lipoprotein (a) detected
by eectrophoresis and cardiovascular disease in women. The

Framingham Heart Study. Circulation 1994;90:1688-95.

92. Wityk RJ, Kittner SJ, Jenner JL, Hebel JR, Epstein A, Wozniak MA, et al.
Lipoprotein (a) and the risk of ischemic stroke in young women.

Atherosclerosis 2000;150(2):389-96.

93. Albucher JF, Ferrieres J, Ruidavets JB, Guiraud-Chaumeil B, Perret BP,
Chollet F. Serum lipids in young patients with ischaemic stroke: a case-

control study. J. Neurol. Neurosurg Psychiatry 2000;69(1):29-33.

94. Jurgens G, Wendy CTP, Koltringer P, Walter P, Qi Chen, Greilberger J,
et a. Lipoprotein (a) serum concentration and apolipoprotein (a)
phenotype correlate with severity and presence of ischemic

cerebrovascular disease. Stroke 1995;26:1841-8.

15



Bibliography

95. Holanda Maurus Marques de Almeida, Filizola Rosdlia Gouvela, Costa
Maria José de Carvalho, Andrade Rodrigo Vasconcelos C.L. de, Silva
José Alberto Gongalves da. Plasma lipoprotein(a) levels: a comparison
between diabetic and non-diabetic patients with acute ischemic stroke.

Arg. Neuro-Psiquiatr 2004; 62(2a):233-6.

16



	01 Binding Cover Page.pdf
	02 Cover Page - Book.pdf
	03 Certificates.pdf
	05 Thesis Text - Copy.pdf
	12 Bibliography.pdf

