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® LPL is normally released from vascular endothelium or by heparin and hydrol?z%s
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Familial LPL deficiency

® Type Ilipoprotein pattern (chylomicrons):

Characterized by a massive accumulation of chylomicrons and a corresponding

increase in plasma triglycerides. VLDL concentration is normal.

Presenting manifestations include repeated attacks of pancreatitis and abdominal
pain, eruptive cutaneous xanthomatosis, and hepatosplenomegaly beginning in
childhood.

Symptom severity is proportional to dietary fat intake and consequently to the

elevation of chylomicrons

Accelerated atherosclerosis is not associated with the disease.
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Familial LPL deficiency

® Type V (VLDL and chylomicrons):

Abdominal pain, pancreatitis, eruptive xanthomas, and peripheral polyneuropathy.
Symptoms may occur in childhood, but usually the disorder is expressed at a later
age.

The risk of atherosclerosis is increased with the disorder.

Patients commonly are obese, hyperuricemia, and diabetic, and alcohol intake,

exogenous estrogens, and renal insufficiency tend to be exacerbating factors.
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Familial hypercholesterolemia

® Characterized by:
Selective elevation in the plasma level of LDL.

Deposition of LDIL-derived cholesterol in tendons (xanthomas) and arteries
( theromas). + Corenal Arcus>> Dominant

Inheritance as an autosomal dominant trait with homozygotes more severely

affected than heterozygotes.

® The primary defect in familial hypercholesterolemia is the inability to bind LDL to the
LDL receptor (Apo B-100) of, rarely, a defect of internalizing the LDL receptor

complex into the cell after normal binding.




Familial hypercholesterolemia

® Homozygotes have essentially no functional LDL receptors.

This leads to lack of LDL degradation by cells and unregulated biosynthesis of
cholesterol, with total cholesterol and LDL-C inversely proportional to the deficit
in LDL receptors.

® Heterozygotes have only about half the normal number of LDL receptors, total

cholesterol levels in the range from 300 to 600 mg/dL.
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Dysbetalipoproteinemia Recessive

® Familial type III hyperlipoproteinemia (also called, broad-band, or B-17"1.DL)
® Patients develop the following clinical features after age 20 years:

Xanthoma striata palmaris (yellow discolorations of the palmar and digital

creases);
Tuberous or tuberoeruptive xanthomas (bulbous cutaneous xanthomas);

Severe atherosclerosis involving the coronary arteries, internal carotids, and
abdominal aorta. Premature atheroscelrosis
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Dysbetalipoproteinemia

® A defective structure of apolipoprotein E does not allow normal hepatic

surface receptor binding of remnant particles derived from chylomicrons and
VLDL (known as IDL).

® Aggravating factors such as obesity, diabetes, and pregnancy may promote

overproduction of apolipoprotein B—containing lipoproteins.
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Familial combined hyperlipidemia

Characterized by elevations in total cholesterol and triglycerides,
decreased HDL, increased apolipoprotein B, and small, dense
LIDIE:

It is associated with premature CHD and may be difficult to
diagnose because lipid levels do not consistently display the same
pattern.
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Type IV hyperlipoproteinemia

® Two genetic patterns:

Familial hypertriglyceridemia, which does not carry a great risk for premature
CVD,

Familial combined hyperlipidemia, which is associated with increased risk for
cardiovascular disease.




Type IV hyperlipoproteinemia

® Type IV hyperlipoproteinemia is common and occurs in adults, primarily in patients
who are obese, diabetic, and hyperuricemia and do not have xanthomas.

® ]t may be secondary to alcohol ingestion and can be aggravated by stress, progestins,
oral contraceptives, thiazides, or B-blockers.
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Lipoprotein Abnormalities: 2° Causes

Hypercholesterolemia: Medications:
1+ Hypothyroidism
CsSsstl gy — ¥ Progestins Protease inhibitors

S 2Obstructive liver disease

3Nephrotic syndrome Thiazide diuretics « Cyclosporine

YAnorexia nervosa Glucocorticoids Mirtazipine
5Acute intermittent porphytia B-blockers Sirolimus
[sotretinoin
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® Hypertriglyceridemia

Obesity.

DM.

Lipodystrophy.

Glycogen storage disease.
Ileal bypass surgery.
Sepsts.

Pregnancy.

Acute hepatitis.

®

Systemic lupus erythematous.

Medications

Asparaginase
Interferons
Azole antifungals
Mirtazipine
Anabolic steroids

Sirolimus

©

Alcohol
Estrogens
Isotretinoin
B-blockers
Glucocorticoids

Bile acid resins

©
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Hypocholesterolemia: Low high-density lipoprotein:

Malnutrition.

Malabsorption.

- R ® Malnutrition
Myeloproliferative diseases.

S . ® Obesity
Chronic infectious diseases: o Mot i
Acquired immune non-ISA B-blockers

deficiency syndrome _ ,
anabolic steroids

Tuberculosis ; TN
isotretinoin

Monoclonal gammopathy. progestins

Chronic liver disease.
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Major risk factors — exclusive of LDL-C — that modify the
LDL goals

Age
Men: > 45 years
Women: > 55 years or premature menopause without estrogen replacement therapy

Family history of premature CHD
(definite myocardial infarction or sudden death before age 55 years in father or other male first-degree relative,
or before age 65 years in mother or other female first-degree relative)

Cigarette smoking
Within the past month

Hypertension
(140/90 mm Hg or taking antihypertensive medication)

Low HDL cholesterol
(<40 mg/dL)”

“Diabetes regarded as coronary heart disease (CHD) risk equivalent.

bHDL cholesterol >60 mg/dL counts as a "negative" risk factor; its presence removes one risk 42
factor from the total count.

Metabolic syndrome is considered as CHD risk



Goals & Cutpoints

Risk Category LDL Goal LDL Level at Which to LDL Level at Which to
(mg/dL) Initiate TLC (mg/dL) Consider Drug Therapy

High risk: CHD or CHD <100 >100 >100

risk equivalents (10-year risk | (optional goal: (<100 mg/dL;

>20%) <70) consider drug options)?

Moderately high risk: <130 >130 >130

2+ risk factors (10-year risk | (optional goal (100-129: consider drug

>10%—20%) <100) options)

Moderate risk: 2+ risk <130 >130 >160

factors (10-year risk <10%)

Lower risk: 0—1 risk factor® <160 >160 >190

(160-189: LDL-lowering drug

optional)

Risk is estimated from Framingham risk score

aSome authorities recommend use of LDL-lowering drugs in this category if LDL cholesterol <100 mg/dL cannot be
achieved by therapeutic lifestyle changes (TLC). Others prefer to use drugs that primarily modify triglycerides and
high-density lipoprotein, e.g., nicotinic acid or fibrates. Clinical judgment also may call for deferring drug therapy in
this subcategory.

bAlmost all people with 0-1 risk factor have a 10-year risk <10%; thus,10-year risk assessment in people with 0-4¢
risk factor is not necessary.



Calculation of LDL.-c

The majority of labs, including the insurance labs, do not directly measure the

LDL portion of the lipid profile. On the other hand, total cholesterol, HDL
and triglycerides are directly measured with values determined for each of

these three tests. LDL is usually not measured directly due to the expense and

time required to perform the analysis. Therefore, to estimate LDL, labs use the
“FRIEDEWALD FORMUILA” which is (in mg/dl):

LDL = Total Cholesterol - HDL -|1/5 Trigs| but only if the serum triglyceride is 400 or less.

VLDL

total cholesterol — HDL — 4Ly :LDL wwwss calculation Jaie 6 M

44
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Two examples illustrate its use. Person A has directly calculated total cholesterol of 300, HDL of 50. and trigs
of 125, which results in an indirectly calculated value for LDL of 225. Person B has the same total cholesterol
and HDL as A. but his trigs are 250, which results in an indirectly calculated LDL of 200.

If you have any three of the four values, you can determine the fourth by use of the same formula. For example,
when the total cholesterol is 220, the trigs are 150, and the LDL 1s 120, the HDL must be 70.

Better yet. the formula can be used when you know only two of the values, as long as you also have the HDL
ratio available. For example. the cholesterol/HDL ratio is 6. the HDL is 40. and trigs are 180. You first solve
for the cholesterol by multiplying 6 times 40 to obtain a total cholesterol of 240. From there. you simply use

the above formula to calculate a LDL of 164.
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Atherosclerosis

Definition: literally means “hardening of the arteries”; it is a generic term
j/ reflecting arterial wall thickening and loss of elasticity.

There are three general patterns:

Arteriolosclerosis, affects small arteries and arterioles and may cause
downstream ischemic injury.

Monckeberg medial sclerosis, is characterized by calcific deposits in muscular
arteries in persons typically older than age 50.

Atherosclerosis, from Greek root words for “gruel” and “hardenin@” is the
most frequent and clinically important pattern.



Atherosclerosis is characterized by intimal lesions called atheromas (also called
atheromatous ot atherosclerotic plagues) that protrude into vessel lumens.

An atheromatous plaque consists of a raised lesion with a soft, yellow, grumous
core of lipid (mainly cholesterol and cholesterol esters) covered by a white

fibrous cap. Joiy plaque sla plaque Juaice oSy iy Lo ) W
aic jlog STy ST WS 13]9 blood flowJ obstruction

_ rrupture J| $oss (Sow jusio 08 jlog fibrous cap thin
Atherosclerotic plaques canp|atelet juay d ol sley 43 thrombosis Jasy JWbs
_ obstruct blood flow bloodJL “=s jay JWlg icoagulationg aggregation

. . vessel
- rupture leading to thrombosis

- weaken the underlying media and thereby lead to aneurysm formation.



FIBROUS CAP

(smooth muscle cells, macrophages,

foam cells, lymphocytes, collagen,

slastin, proteoglycans, neovasculanzation)
NECROTIC CENTER

(cell dabris, cholestarol crystals,
foam cells, calcium)

MEDIA

The major components of a well-developed intimal
atheromatous plaque overlying an intact media.
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Due to endothelial dysfunction,

- LDL particles migrate from the blood and accumulate in the arterial intima,
forming pro-inflammatory particles.

- This results in the activation of endothelial cells, which secrete adhesion
molecules.

- Smooth muscle cells, which secrete chemokines and chemoattractants,
thereby recruiting monocytes to the arterial wall.

- Upon entry, monocytes transform into macrophages, which engulf the
accumulated lipids to form foam cells which aggregate to form a lipid core.

- Plaque rupture occurs when the fibrous cap becomes thin and partially
destroyed which leads to the development of thrombus and ultimately
coronary syndrome.
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The prevalence and severity of atherosclerosis and IHD are related to two
groups of risk factors:

I. Constitutional (non-modifiable) risk factors in IHD:

- Age non-Jlg modifiableJ! M plos
_ Gender ischemicJb poli>,i modifiable
egudi onli>pi heart disease
- Genetics non-Jl e» Ul :atherosclerosisJu
.geneticsg genderg modifiable: age
II. Acquired (Modifiable) risk factors in IHD: modifiable: hyperlipidemiaJls
. ) diabetesg smokingg hypertensiong
- Hypetlipidemia. mellitus

- Hypertension.

- Cigarette smoking.

- Diabetes Mellitus. 52
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e genetically determined

e marked elevation after acute
ischemic coronary syndromes

e structurally homologous to
plasminogen

e competes with plasminogen binding
sites on endothelial cell surfaces

e oxidized Lp(a) promotes
atherosclerosis

e stimulates PAI-1 synthesis
and

Phospholipids @ risk factor for CHD events in men
(Lipid Research Clinic) and women
(Framingham Heart Study)

ApoB-100

Cholesterol

e — Stein JH and Rosenson RS. Arch Intern Med 1997:157:1170.
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Pathogenesis
of

Atherosclerosis

Historically, there have been two
dominant hypotheses to explain the
progress of the disease:

- one  emphasizes  intimal  cellular
proliferation.

- the other focuses on the repetitive formation
and organization of thrombi.

Recently, the response-to-injury hypothesis
which views atherosclerosis as a chronic
inflammatory and healing response of  the
arterial wall to endothelial injury was adopiea;
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Atherosclerosis is produced by the following pathogenic
events:

- Endothelial injury, which causes (among other things) increased vascular
permeability, leukocyte adhesion, and thrombosis.

- Accumulation of lipoproteins (mainly LDL and its oxidized forms) in the vessel
wall.

- Monocyte adhesion to the endothelium, followed by migration into the intima and
transformation into macrophages and foam cells.

- Platelet adhesion.
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- Factor release from activated platelets, macrophages, and
vascular wall cells, inducing smooth muscle cell recruitment, either
from the media or from circulating precursors.

- Smooth muscle cell proliferation and ECM (extracellular
matrix which contains lots of inflammatory mediators and
growth factors) production.

- Lipid accumulation both extracellularly and within cells
(macrophages and smooth muscle cells).

@ 57
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Hyperlipidemia, Hypertension,
Smoking, Toxins, Hemodynamic
factors, Immune reactions, Viruses
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® Consequences of Atherosclerosis

The aorta, carotid, and iliac arteries (large elastic arteries) and coronary and popliteal
(medium-sized muscular arteries) are targets for atherosclerosis.

Heart attack, stroke, aneurysm, and gangrene in the legs are potential consequences
of the disease.

The principal outcomes depend on:
- The size of the involved vessels.
- The relative stability of the plaque itself.

- The degree of degeneration of the underlying arterial wall.
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The aorta, carotid, and iliac arteries (large
elastic arteries) and coronary and popliteal
(medium-sized muscular arteries) are

targets for atherosclerosis. 6
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@
. Atherosclerotic stenosis:

®  Compromised blood flow WILL lead to ischemic injury secondary to ¢rtical occlusion
of a small vessel.

® Total circumference expansion due to outward remodeling of vessel media is an
adaptive mechanism before an injury commences.

® At 70% fixed occlusion, clinical symptoms surface (Stable angina).

® The effects of vascular occlusion ultimately depend on arterial supply and the
metabolic demand of the affected tissue.
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2. Acute plaque change

Plaque rupture is promptly followed by partial or complete vascular
thrombosis resulting in acute tissue infarction (e.g., myocardial or
cerebral infarction).

Plaque changes fall into three general categories:

- Rupture/fissuring, exposing highly thrombogenic plaque constituents

- Erosion/ulceration, exposing the thrombogenic subendothelial
basement membrane to blood

- Haemorrhage into the atheroma, expanding its volume
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¢ The events that trigger abrupt changes in plaque configuration are complex and
include:

- Intrinsic factors (e.g., plaque structure and composition)

- Extrinsic factors (e.g., blood pressure, platelet reactivity)

Vulnerable plaque Stable plaque

Lipid core Fibrous cap Lipid core Fibrous cap

64



r : @
'~ 3. Thrombosis |
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Thrombosis (partial/total) associated with a disrupted plaque is ctitical to the
pathogenesis of the acute coronary syndromes.

Thrombus superimposed on a disrupted partially stenotic plaque converts
it to a total occlusion.

In other coronary syndromes luminal obstruction by thrombosis is usually
incomplete and will disappear with time.

Mural thrombus in a coronary artery can also embolize.




| 23 @l 2l Li>) (&> Lodlo Lisasl vasoconstriction lic sy &) olaS
o Leptsts iU g svasoconstriction Guyb o juay oSow bleeding

c seeM\Lads g unlai g gogll wj pe o O lie juay Ul vasoconstriction !
o’ 2> = &) doail sl ooy JUI vasoconstriction! icoagulation b ST aspuis
organd! 1ig) zg,: e blood flow 9 L 4l ;<& sympathetic! pusS=ly

peripheral suj4% adrenergic agonistsJ activation Le jwuau

platelets !l &> .central vasodilation sjug Sol :vasoconstriction

g8 Lgizyi contentsl yasy 4] Vg 21y ledsU Lad Lgauss

dysfunctional endothelium layer il (i Sol ;vasoconstrictors

7 yei uS=llg vascular toned! Lle bl Jlou Mol Lo ¢l Cus>

nitric oxide b.iiud vasodilation g ,iST vasoconstriction le

oS .endothelin Jio vasoconstriction Lle jéa>i juaig vasodilatory

awd jlo Ul Kl ld e o jwad 21y Al inflammatory mediators

B U Cuals 90 Ul el inflammation (o §dl lio

rdclax b Oluwlwll puia>Nall e onl lgude Wojg shyperlipidemia

majordls [LDL sj Jisw U lipoprotein(a) oe Jo¥l dda>Mall

8 di> iy Ul aadasmo JBWJI Lol .atherosclerosis layé juas Ul arteries

Sl @Sihasyg sischemic heart disease 6jusl>0



©
4. Vasoconstriction

Vasoconstriction at sites of atheroma is stimulated by:

(1) circulating adrenergic agonists

(2) locally released platelet contents

(3) impaired secretion of endothelial cell relaxing factors (nitric oxide) relative to
contracting factors (endothelin) as a result of endothelial cell dysfunction

(4) mediators released from perivascular inflammatory cells.
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