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Introduction
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® Cholesterol is essential for cell membrane formation &

hormone synthesis.

*Lipids are not present in free form in plasma: circulrc as
lipoproteins  (complexes of lipids and proteing), ther arc

transported in blood using lipoproteins.  Jpl s Jia ool o
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= Badvs. Good Cholesterol

Bad (LDL) s

- stores cholesterol in the szlJf’Msf“
blood stream I

Artery

Atheroscilerotic Plaque
(LDL accumulation)
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- regulates LDL storage and
promotes excretion —

Good (HDL) TR, '

(LDL @S153) gaalsadl wlas doygl

stores cholesterol in liver in
cholesterol ester form
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Inner hydrophobic core
Lipoproteins: spherical macromolecular of esterified cholesterol free

1 S and triglycerides Unesterified
complexes wit _ _ rzﬁ cholesterol
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l Phospholipids

~ * Function: To keep the lipid-soluble for
| transporting them between organs and also
= provide an etficient mechanism for delivering /

Apolipoprotein
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Hyperlipidemia

* EBEHBIERIR < dcfincd o5 an Elevation in total cholesterol, LDL,
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the only one that doesn't have
higher risk with atherosclerosis

-0,85

Apolipoproteins .
PP density elevation
triglycerides + - size depression

cholesterol ester - 03
phospholipid .
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free cholesterol Chylomicrons
in intestine

in liver
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the liver synthesises cholesterol

lipoproteins J!' JS Jac &1 73
89541 S 40

1. Chylomicrons in intestine
2. engulfs cholesterol and triglyceride in intestine and
carries it into blood

3. the endothelial cells in capillaries produces capillary
lipase (breaks down the triglycerides into fatty acids)

4. it's right that triglyceride decrease but it's still
higher than cholesterol

5. Chylomicrons remnant carries the remain cholesterol
and triglycerides into the liver

6. in liver there is VLDL lipoprotein which takes what
Chylomicrons have+ cholesterol from liver

7. but still triglyceride is higher than cholesterol

8. and the same process with VLDL , carry it into blood,
capillary lipase, fatty acids for ATV productions and

skeletal muscles

9.the VLDL remnant carries the remain and because
here, the cholesterol is equal to triglyceride , we
called it another name which is IDL

10. IDL carries it into liver again , and the liver has hepatic

lipase which will break down triglyceride again, then LDL

which will take the remain triglycerides and

cholesterol+cholesterol from the liver itself and transfer it

into blood

11. here the cholesterol is higher than triglyceride
12. here the HDL takes the free cholesterol and the
transfer it to liver

13. the HDL will convert the free cholesterol in liver into
_cholesterol-ester by HMG-CoA reductase

the patient who has deficiency in the lipoprotein
Chylomicrons or a problem in Apo-C Il or problem in
capillary lipase or The Apo-C lll is on Chylomicron,
will have hypertriglyceridemia

True or false questions from the doctor

1. if HDL increase , the higher risk of atherosclerosis ¢

2. increasing of expression of LDL receptor,
the higher risk of atherosclerosis

3. deficiency in LDL receptor, the higher risk of T
atherosclerosis

4. increasing of VLDL , the higher risk of atherosclerosis T

5. increasing in expression of Apolipoprotein A-l,
will decrease the risk of atherosclerosis

the apolipoproteins the only one with
HDL that doesn't

have higher risk with
atherosclerosisifit's

1.Chylomicrons ——p» Apo-C Il high

The Apo-Clll normally shouldn't be on Chylomicrons

(itis competitive for Apo-C lll)

2.VLDL —» Apo-Cll

the new research found that it could be the same
apolipoproteins on VLDL and Chylomicrons

3.IDL —®  ApoE

4.LDL —»  Apo-B100

5.HDL ——p» Apo-Al

without apo-A |, the HDL will not convert the
free cholesterol in liver into cholesterol-ester by
HMG-CoA reductase
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& 1. Chylomicrons: 4
* Lowest density. SR
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* Mainly transport dietary triglycerides from the small intestine into the blood.

2. VLDL (Vefy lOW-denSIty llpOpfOtelnS): OLaS e Byle 509 (BN 2o LM 90l o %50 o s bo e ggund o |
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* Contains approximately 50% triglycerides with the remainder; roughly equal amounts of

phosEholiEids and cholesterol.

* May be converted to IDLs in the blood.

3. IDL (intermediate-density lipoproteins):

* Composed of approximately equal amounts of triglycerides, phospholipids, and cholesterol.
* Precursor for LDLs
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- 4. LDL (low-density lipoprotein): Jo3iud oS %50 o> o oS o i
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« Composed of approximately 50% cholesterol. e chate et Db s e o
byl clad 5 0ygs s sLo g ynudsS

Gers e Main cartier of cholesterol from the liver to tissues. =
- - Internalized into cells bound to a specific cell-surface LDL receptor.
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5. HDL (high-density lipoprotein): .@Ii!mlg S e

* Synthesized in the liver. sl b g 552l gm Jostud sl s ol Judi - (2R
omlydd!l clan Loyl ddlazs| plasol dygeall 3y9all 8 HDL e 4l s
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* Carries cholesterol from the tissues and plasma back to the liver.

* “(zaad chaolesterol” because it removes cholesterol from the circulation; _ b
i R —




BLLETTFER I Composition of Lipoprotein Isolated from Normal Subjects

Composition (Weight %)

Cholesterol
Lipoprotein Class Density Range (g/mL) Diameter (nm) Protein Triglyceride Free Ester Phospholipid
Chylomicrons <0.94 75-1200 1-2 80-95 1-3 2-4 39
VLDL 0.94-1.006 30-80 6-10 55-80 4-8 16-22 10-20
LDL 1.006-1.063 18-25 18-22 5-15 68 45-50 18-24
HOL 1.063-1.21 512 45-55 5-10 35 15-20 20-30
HOL, high-density lipoprotein; LDL, low-density lipopratein; VLDL, very-low-density lipoprotein.
— A. Lipoproteins
Triacylglycerols Chylomicrons VLDL LDL HDL
— rl Ol
e — 0.08
Cholesterol 0.13 |_
v ESlers / i
\ | 0.0 022 | 030
Cholesterol | 0.55 || 042
i | 0.47
\ 018
. 0.22
Phos pholi pids
0.03 i Lo.04
" proteins 0.02 ~—to0s 0.06 0.15
0.02 0.07 _0.04
Diarme e 80 =500nm ca. 50nm ca. 20nm ca. 10nm
= Apolipoproteins | Al Bug, ClI+1ILE B, CU+10, E Bogo, CILE  [ALUIEIV, CHIL, D
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Apolipoproteins

* These proteins have three functions: =
) O3z g lagsidl Aalisl by aall (iand) Az 355

* Provide structure to the lipoprotein, activate enzyme systems, bind with cell

receptors.
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* ApoBand E proteins are hgands for L.LDI. LECEPLOrS: :LDL &bliiual bulss ;o Es Apo B Sliday

* The blood concentration of apolipoprotein B-100 is an indication of the

S total number of VLDL and LDL particles in the circulation. An increased

number of lipoprotein particles (i.e., an increased apolipoprotein B-100

i : ; : s a o siga 50 pall 5 B100 el syl 355 -
= concentration) is a strong predictor of CHD risk. .\, vipl ot oyl 1
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* Apo C-II is a cofactor for lipoprotein lipase, which releases fatty acids and glycerol
from chylomicrons, VLDL and IDL.

uptake of VLDL remnant particles imay e« 4n important marker of

e atherosclerosis and provide a way for clinicians to identify patients requiring

2By 48) Ll VDL Olgiad asll jolazal e J3-latig 3ld g maed a3l blis e Apo CHlII Jla.:’ £55%
(eSa M S oebioy (il ooyl suased LW ddsyb 3899 ulyadl clad) daga dadlsS '

aggressive treatment).
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* Apo A-1I protein activates LCAT (lecithin-cholesterol acyltransferase), which

LCAT @3] Apo A-l o933 b i
catalyzes the esterification of free cholesterol in HDL particles. ja. i (st Lol Joszadss- M)

S .HDL UL—-U—"'&)"” Joszad sl °.}-“-“I ; :.;.

- HDL particles that contain only A-T apolipoproteins (LpA-]) arc associated with

| LT
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LDL HDL
Density (g/mlL.) <0.94 0.94-1.006 1.006-1.063 1.063-1.210
Composition (%)
Protein 1-2 6—10 1822 45-55
Triglyceride 85-95 50—65 4-8 2-7
Cholesterol 37 20-30 51-58 18-25
Phospholipid 3—6 15-20 1824 26-32
Physiologic origin Intestine Intestine and liver Product of VLDL Liver and intestine

catabolism
Physiologic function Transport dietary CH Transport endogenous Transport endogenous Transport CH from cells
and TG to liver TG and CH CH to cells to liver
Plasma appearance Cream layer Turbid Clear Clear
“Lipemia”

Electrophoretic mobility  Origin Pre-beta Beta Alpha
Apolipoproteins A-1V, B-48, C-LJC-II, C-  B-100, C-1, €11, C-11I, E  B-100, A, A-lg, A-IV

111



Background & Pathophysiology

LDL @ IDL ! Jgouzs 180 oo VLDL 51381 @ty =

® VLDL secreted from the liver: converted to IDL. then LLDL.
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® Plasma LDL has taken up by receptors on the liver, adrenal, & peripheral cells:

® recognize LDL apolipoprotein B-100. z
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% Apoprotein B-100

LDL receptor

(LDL) LSl jadsun Lasidl ol dund liladas Mazed JSall b
b-100 Lazadl uioyd! yue Jidizwaly LDL bLsly (LDL Jediznag

The  tigure  shows a

diagrammatic representation

of the structure of low-
density lipoprotein (LLDL),
the LDL receptor, and the
binding of LDIL to the
receptor via apolipoprotein
B-100.
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Background & Pathophysiology

® 1.DI. also excreted in bile: =%+ 1ol (LDL) B 2asie ol il o4 -

(OIS IhECRGTOREPRHEPOOL . o oo bl o) 101 b

Sl B b+ |
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* LDL can be oxidized in subendothelial space of arteries: 5l sl i |

8308 A9l

Oxidized LDL 1n artery walls provokes znflammatory tesponse. el wse il sl Sl ae g«
: , Jostacd 6SIL
Monocytes recruited & transformed into macrophages. Sl mall sl gl sty Lotsl+ B2
: : cgyall Aol Srusd s (Sllasl & yazal 13] 5
results in cholesterol laden foam cell accummnlation ;‘;S _Zjl 41; ;_L::;a_gcu _JIJM I;

Foam cells: beginning of arterial fatty streak. e heldaaiia el

e If processes continue angina, stroke, MI, peripheral artery disease, arrhythmias, s
=1> death. @
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Etiology
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* There are two major ways in which dyslipidemia are classified: .- v -

o 20353 Sa palS 230 e 836 sl 9% Y lasie 1 ol ] =
1. Primary: when the disorder is not due to an identifiable underlying disease.
a) _ (Fredrickson-Levy-Lees), or the presentation in the body (including the

specific type of lipid that is increased). ’("’I“‘” s Tl i ol (GebgbebosusSiysnd) ol b C'f- e
R NN SR

b) - this classification can be problematic, because there are_
_ However, there are a few well-defined genetic
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@° Current laboratory values can not define undetlying abnormality.
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Primary lipoprotein disorders: 6 Phenotype categories: e o Josr

Fredrickson Classification of the Hyperlipidemias

Lipcproteins) sarum SErum Rslatlive
Bhanaly ™ W= chalesterol trighycaride .
RS bl conceniralicn concentration Irequancy, %
no elevation for risk i
of atherosclerosis =) | Chylomicrong | Normeal to T TTTT <1
IE LOL Th Mormal 10
[l (OLandviDL | T il a0
A A
Il IDL ! ™ <1
[V VLDL normalto T | ] is
p VLDL and A
v chylomicrons T 0 T TTTT ;
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Primary lipoprotein disorders: 6 Phenotype categoties:

Type
Type lla
Type lIb

Type Il
Type IV
Type V

Hyperchy

omicronemia

Elevated

_LDL (familial hypercholesterolemia)

Elevated

_DL and VLDL (familial combined

hypercholesterolemia)

Broad B-VLDL (Familial dysbetalipoproteinemia)

Elevated VLDL (Familial hypertriglyceridemia)

Elevated chylomicrons and VLDL (mixed hyperlipidemia)

WHO: World Health Organization, LDL: Low density lipoprotein, VLDL: Very
low density lipoprotein



Primary lipoprotein disorders: 6 Phenotype categories:

Frederickson Classification Lipid Profile

Type

I Familial lipoprotein lipase deficiency TG++, C normal, CM++, HDL—/normal
(hyperchylomicronemia, hypertriglyceridemia)

lla Familial hypercholesterolemia TG normal, C+, LDL+

[Ib Familial combined hyperlipidemia TG+, C+, LDL+, VLDL+

1l Familial dysbetalipidemia (remnant particle disease) TG+, C+, IDL+, CM remnants+

Y} Familial hypertriglyceridemia TG+, C normal/+, LDL++, VLDL++

V Familial combined hypertriglyceridemia TG+, C+, VLDL++, CM++

TG, triglycerides; C, cholesterol; CM, chylomicrons; HDL, high-density lipoproteins; LDL, low-density
lipoproteins; VLDL, very low density lipoproteins; IDL, intermediate-density lipoproteins; +, raised; —, lowered.

https://doctorlib.info/medical/fitzpatrick-atlas-dermatology/18.html
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Disorders of lipid metabolism
® Prolonged hyperlipidemia results in the accumulation of lipid in tissues and
causes cell damage. L G oy B8 smalh @St Brasall sall a5y go35
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a.— subcutaneous tissue (tuberoeruptive xanthomata (over

knees and elbows- type III hyperlipidemia)-triglyceride), tendons (tendon

xanthomas-familial hypercholesterolemia- type II hypetlipidemia), palm

(palmar xanthomata-type III hyperlipidemia), the cornea (corneal
arcus, xanthomas, type II hyperlipidemia).

1 AHRGROSEIGROR: rccial wall (Cholesterol. |, ., ...
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- ® Xanthomas =

® Clinically, xanthomas can be classified as:

@ Tendinous or planar xanthoma. bl ol e

= © Eruptive, tuberoeruptive or tuberous, ... eui i st oot sl

® Planar xanthomas include: 1l b dodaall clyaall alyodl Jads r

® Xanthelasma palpebrarum/xanthelasma,

Lapdsly pyg/ b LayMsily ayg o
¢ Xanthoma striatum palmare, ORI
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® There are characteristic clinical phenotypes associated with specific metabolic defects.
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typical of familial

characteristic of

severe dysbetalipoproteinemia.
chylomicronemia. A. Knee B. Palm.
Al JosiucdsS boyé

Tydon xanthomata: 3l -2l g Wles clsao plyol dudlozall yu &ysll 2 35as
sl oyl i o 9iles B-100 .pal Jossis elog (selodl 3an¥l aygll elag il
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TehdoANSARMOMA: typical of

heterozygous familial
hypercholesterolemia. Similar
xanthomata occur in patients saodl aygll
with familial defective P Bl
, — — 52 1l i,
apolipoprotein B-100, 5ias daus
cerebrotendinous xanthomatosis, <> e o J
characteristic of familial ol

and sitosterolemia. @ : : : @ R
dysbetalipoproteinemia. i
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Dominant trait :ow e

Recessive trait o daal

The trait which appearsin F1
generation are called dominant

) J..L},”ugj.e_h)gn,” daall Lol 1
trait. ssludl daally (F1) Jodl
It appears in more number.

ST alaely yolas 2

Dominant trait can express itself
inthe presence of recessive trait.

Aoiall daall gz B lguds gl5 o] 35Lull daall (Say 3

4. The presence of anothersimilar

allele is not required to produce

its phenotype. 37wl Jlsses biaid 4
Ly polsdl gl badl Loy

The trait which does notappearin
F1 generation are called recessive

trait ozl daall FI L 8 sali ¥ Ll dand] Lowd 1

Itappearsin less number.
N RXCTRVI-IN)

Recessive trait cannot express itself
inthe presence of dominant trait.

oﬁhnﬂd_moﬂdpsugwu.c)wkﬂwlwuimjg

4. The presence of anothersimilar

allele is required to produce its

5T aglae Ll sss a3l 4
phenotype. ool il sy
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Familial LPL deficiency

[P Gl FEIEaSea o VASCUIAR €RAOMENUi or by heparin and hydrolyzes

chylomicrons and VLDIL.. VLDLs ©UssSaaslishl Julowss podag oaslead)l @aslsy of &agodll dueodl &ilkay oo Sule LPL 3o oy o
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® Diagnosis is based on —With normal human plasma or
B, - <of:cto: of the cnzyme.
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Familial LPL deficiency

((DUgsSaasksSl) Jodl g odl o ol (yg sl Jaaie _
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® Type- I lipoprotein pattern (chylomicrons): el vEe e

Characterized by a massive accumulation of chylomicrons and a corresponding

| increase in plasma triglycerides. VEDIICORGEAMAHOANS ORAL

Presenting manifestations include repeated attacks of pancreatitis and abdominal

pain, eruptive cutaneous xanthomatosis, and hepatosplenomegaly beginning in

: s 5B bl a3l elusSall leall o 3550 s syl soliall Jazs

Symptom  Severityis| proportional to dictary fat iatake|:nd conscquently o the

5t elevation of chylomicrons. g ySaaglSll ggiua ¢ iyl po Il (ilaall alladl 6 Wglusall sl &S go Layl (olyelll bas coslics
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Familial LPL deficiency

(DUgsSeaslSllg lix @3LSII jhasia ol pdgsdl) suelsl g odl «
® Type V (VLDL and chylomicrons):

ek 18 Ednoall Glacy] JMuely Bymba clydo plygl aliSadl Clgdl ol 6 @l

g3 wdg o3 ksl e yuedl azy lo S g ilgatall dl> ya 3 oledl {\(I]Zlgjggiion of many peripheral nerves throughout

Abdominal pain, pancreatits, eruptive xanthomas, and peripheral polyneuropathy.

Symptoms may occur in childhood, but usually the disorder is expressed at a later
age.

wlylasdl lin ga pulyad]
Patients commonly are obese, hyperuricemia, and diabetic, and alcohol intake,

exogenous estrogens, and renal insufficiency tend to be gxacerbating factors.

Jold Jeang (guSiadlg pall cliyoy b boydg Gl o (ysiley osall oSy Lo Bale i
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Malfunction of many peripheral nerves throughout the body.
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Familial hypercholesterolemia

o i : , , =
Characterized by: Losstl 8 LDL o 8 Jlal glasy |

2. Selective elevation in the plasma level of LDL.

b Deposiion of D EEHEHEHOESEROERARRRARURGERS) -« FEE

_- (omlypadl cdlas) ool yidlg ()Mﬂ'ﬁ)g]'))bgﬂ‘&dﬁ&'&ﬂu&ﬂi adosdl v Bl Jo st oS Cnyi [_
c. Inheritance as an autosomal dominant trait with _
affected than heterozygotes. S
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® The primary defect in familial hypercholesterolemia is _
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LDL receptor (Apo B-100) or, rarcly a defect of intemnalizing the LDL receptor
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Familial hypercholesterolemia
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@ This leads to lack of LDL degradation by cells and unregulated biosynthesis of

cholesterol, with total cholesterol and LDIL-C inversely proportional to the deficit o

o in LDL receptors. 2o JopmadsSl pliio 12 o> §lss LA daulsy LDL Y3 poti ) 130 g9 =
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Dysbetalipoproteinemia

(B-1LDL sl (Ul gusly Lyl auny) eIl g0l o JBlall sl pall gy boyb «
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® Familial type III hyperlipoproteinemia (also called, broad-band, or B-1"L.DL)

® Patients develop the following clinical features after age 20 years:

® _ (yellow discolorations of the palmar and digital

Cf@ﬂses) &\L@ﬂ’g J.,Jl d.>-|_) LJLuQ_Q l_).o.o d.ug.\ ub.,w) y'ﬂ'h&dl;ﬂ.@ﬂﬁ)gﬂ

* Muberous or tuberoeruptive xanthomas (bulbous cutancous xanthomas);
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‘@poE has a very high affinity for the LDL receptor, actually much superior to that of apoB-1006; hence, apoE in VLDL and
LDL may influence the plasma concentration and metabolic destination of these lipoproteins, with potential implications for
atherogenesis and the occurrence of cardiovascular disease (CVD).

Dysbetalipoproteinemia

AS o OMdzual o dall bLENL E el 89 3l comall Co Syl g F o
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® A defective structure of Ipolipoprotein E does not allow normal hepatic

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

L1l Jasdlg ¢ySally duacdl J2o Ga8las Jalge 3ames a8
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® Aggravating factors such as obesity, diabetes, and pregnancy may promote

overproduction of apolipoprotein B—containing lipoproteins.

Premature AS (PreAS) has been referred to by various names, but it is typically defined as atherosclerotic associated
__pathology diagnosed before the age of 50 to 55 years and accounts for approximately 10% of patients with AS
©) symptoms.

©
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ApoE has a very high affinity for the LDL receptor, actually much superior to that of apoB‐1006; hence, apoE in VLDL and LDL may influence the plasma concentration and metabolic destination of these lipoproteins, with potential implications for atherogenesis and the occurrence of cardiovascular disease (CVD).

Premature AS (PreAS) has been referred to by various names, but it is typically defined as atherosclerotic associated pathology diagnosed before the age of 50 to 55 years and accounts for approximately 10% of patients with AS symptoms.


Premature AS (PreAS) has been referred to by various names, but it is typically defined as atherosclerotic associated
pathology diagnosed before the age of 50 to 55 years and accounts for approximately 10% of patients with AS
symptoms.

Familial combined hypetlipidemia

- * Characterized by elevations in total cholesterol and triglycerides,
decreased HDI., increased apolipoprotein B, and small, dense

LDL w289 yo | DLg B aoidl (dosdl 83459 HDL olasly AdMAl fygaally LISIN oy oSl 6 Silelasyl juazy

© It 1s associated with premature CHD —
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Premature AS (PreAS) has been referred to by various names, but it is typically defined as atherosclerotic associated pathology diagnosed before the age of 50 to 55 years and accounts for approximately 10% of patients with AS symptoms.
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Type IV hyperlipoproteinemia

® 'Two genetic patterns:

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

CYD, (8 ySeall dygoull daeg¥lg il (plyals Lo 1348 3as Josu ¥ cUlg o Blall pudl scle S5 byd e

Familial combined hyperlipidemia, which is associated with increased risk for
cardiovascular disease.
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Type IV hyperlipoproteinemia
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® Type IV hyperlipoproteinemia is common and occurs in adults, primarily in patients

who are obese, diabetic, and hyperuricemia and do not have xanthomas.

® It may be -to _ and can be aggravated by -, !>
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Lipoprotein Abnormalities: 2° Causes

Hypercholesterolemia: Medications:

Hyp()thyrojdism Decrease LDL metabolism

. : Rupture- synthesis more cholesterol Progestins Protease inhibitors
Obstructive liver disease

: Decrease albumin-hypoalbuminemia, Thiazide diuretics Cyclosporine
Nephrotic syndrome

: | rticol : RS
Anorexia nervosa Glucocorticoids Mirtazipine

Vomiting is to not increase weight, liver synthesize more cholesterol bl [
Acute intermittent porphyna @‘ OCKCTS

Sirolimus

Problems in synthesis heme [sotretinoin



Decrease LDL metabolism

Rupture- synthesis more cholesterol 

Decrease albumin-hypoalbuminemia

Vomiting is to not increase weight, liver synthesize more cholesterol

Problems in synthesis heme


® Hypertriglyceridemia Medications
Obesity. Asparaginase
DM. Interferons

Lipodystrophy. The TGs do not distribute equally-abnormaﬂzole antifungals

Glycogen storage disease.

Mirtazipine

Ileal bypass SUrgery. Noilleum-no chylomicrons Anabolic steroids

SCpSiS. Bacteria-inhibit synthesis of LP Sirolimus

Pregnancy.

Acute hepatitis.

Systemic hlpllS erythematous. The body's immune system attacks itself

Alcohol
Estrogens
[sotretinoin
B-blockers
Glucocorticoids

Bile acid resins

39


The TGs do not distribute equally-abnormal 

No illeum-no chylomicrons

Bacteria-inhibit synthesis of LP

The body's immune system attacks itself


Hypocholesterolemia:

Malnutrition. @i g

Malabsorption.

Myeloproliferative diseases.

Chronic infectious diseases:

Acquired immune
deficiency syndrome

Tuberculosis

Monoclonal gammOpathY-Decrease protein levels

Chronic liver disease.

Low high-density lipoprotein:

Intrinsic sympathomimetic activity (ISA) characterizes a group of
beta blockers that are able to stimulate beta-adrenergic receptors
(agonist effect) and to oppose the stimulating effects of
catecholamines (antagonist effect) in a competitive way.

® Malnutrition

® Obesity
® Medications

non-ISA (-blockers

anabolic steroids

1sotretinoin

progestins

40



Decrease protein levels

Intrinsic sympathomimetic activity (ISA) characterizes a group of beta blockers that are able to stimulate beta-adrenergic receptors (agonist effect) and to oppose the stimulating effects of catecholamines (antagonist effect) in a competitive way.


Total cholesterol

<200 Desirable

200-239 Borderline high |ife style modification
240 High

LDL cholesterol

<100 Optimal

100-129 Near or above optimal
130-159 Borderline high
160-189 High

190 Very high

HDL cholesterol

<40 Low

60 mg/dL High

Triglycerides

<150 Normal

150-199 Borderline high
200-499 High

500 Very high

All values unit are mg/dL
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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) Lle 55 o 8 e laall Ssal of sSsall Ll dloe clive)
e JeB ol oSl o Jo¥l dayall e 33T s ol Y )
(GBI o Jo¥l oyl oo o33l a8 of 231 i lale 65

Ci I
Within 1 ]

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

Low HDL cholesterol (HDL) sl oy oSl ggitums yeznd den il il (olsaly Gilodl ylas E3ISe o3Sudl el ypun)
(<40 mg/dL)b k.}4319& Slax] e Af'gﬂ»‘ Jole 05929 i3 o> zhdw sas Jﬁ}f— sibeans/pils 60 e s1is g
a8l plel dilo jhs Jele Sliall Laadll da3dlia yeed gasdl )
9Diabetes 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) | S| 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 factorP <160 >160 >190

(160-189: LDL-lowering drug

optional)

yosT iy lazg e Mall 3Ladl baai Ol yoei M3 o yilans/pala 100 oo vbi LDL JoyudsS goima JI Jgwogll (Sadl ya oS @ 13] &all sda 03 LDL 2> d.)g.\‘ e'.u'v.‘.'_.i‘u_ Olgadl ey ey

Risk is estimatedfrom Framingham risk score .. . . sin 8 lgall rolall Yl Lol ¢yl el by 185 Olalall ol cLuisSall has 2o 8L e aal pigydly £VA1 ponall bl IS Jisf dyaal plasiaul
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 08
risk factor is not necessary.
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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 1s usually not measured directly due to the expense and
time required to perform the analysis. Therefore, to estimate LDL, labs use the

“FRIEDEWALD FORMULA” which is (in mg/dl):

LDL = Total Cholesterol - HDL -(1/5 Trigs|

VLDL

L but only if the serum triglyceride 1s 400 or less.

cila o LDL e3> (poledis coyealdd] Olyusea clls 6 lay ol pezsiall dle poii o »
HDLs LIS Josud oS Suld @ (o33l &b o sanlen IS0 g0l
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Two examples illustrate 1ts use. Person A has directly caleulated total cholesterol of 300. HDL of 50. and trigs
of 125, which results in an mdirectly 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 vou have any three of the four values. you can determine the fourth by use of the same formula. For example.
when the total cholesterol 1s 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 1s 6. the HDL 1s 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 sumply use

the above formula to calculate a LDL of 164.
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Atherosclerosis o sl L o iy

ylas claw 3alsy Iy f:Lc alkzo.n
Aoy yladdy (yaalsadl

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

Syl olsadly 8ypall ol yidl couay B y0all alpadl Clad T
There are three general patterns: sl degl B Li0y3 ot Bl capuss 15

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

Ol Jpazy dawguall ¢ 3eSiga Clai 2
ol jolsealll o) ddas)l ol vl e deudS
Lale 50 e Ssle (n.mJLn.c,i 033

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

"sagasll" 5 Al E0Uedl Olall e sl yadl L 3
Uy yas duanlg g 151 baadl ga cladl'g

Atherosclerosis, from Greek root words for “gruel” and “hardening,” 1s the
most frequent and clinically important pattern.  —




Atherosclerosis 1s characterized by intimal lesions called atheromas (also called
atheromatons ot atherosclerotic plagues) that protrude into vessel lumens.

Laul Lauds) ssasll plyodl Lausd ddsls S ¢olyadl lad jazy -
Ayganll e ¥l Laygla 8 535l (delazall gl dyapasll Sloglll

An atheromatous plaque consists of a raised lesion with a soft, yellow, erumous

core of lipid (mainly cholesterol and cholesterol esters) covered by a white
fibrous cap.

oo JiSaa sl yhol ael & Ol3 dasuaze 481 e dyapand] doglll oSt »
sl o ellady Jage (Joyxad 95Ul Ol yzalg JoyudsS lgatina) sl

Atherosclerotic plaques can:

- obstruct blood flow sl g8l

- rupture leading to thrombosis 7 =7 e 8

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

47
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FIBROUS CAP

(smooth muscle cells, macrophages,

foam cells, lymphocytes, collagen,

elastin, proteoglycans, neovasculanzation|

NECROTIC CENTER
(cell dabris, cholesterol crystals,
foam cells, calcium)
Olygls LMl allas) : 355 35 40

st ll LUl S oS

dogl dwd )l D gSall
Eoladl olyall Clas

q‘i”g 3> 3yglaiall . . .
i e atheromatous plaque overlying an intact media.

The major components of a well-developed intimal
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Thrombosis

Lipid core & fibrous Angiogenesis

Proteolysis

Inflammation

Endothelial cell Endothelial cell
dysfunction

ogical
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cap formation

Apoplosis

activation
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Due to endothelial dysfunction, ety aall iy BRLSII adsin imall psiasdl Sleis 3ol
SlgM B3ame Sligie EgSa oyl il A1 Bl b

- LDL particles migrate from the blood and accumulate in the arterial intima,

forming pro-inflammatory particles. Sl Sligser 5505 ol ddliag Ll Yoy ] e o)
- This results in the activation of endothelial cells, which secrete adhesion
molecules.

ol jlaz J] aggll LI wiad Jlllis ( Slass)l Giadl Jolses GliSsassl 3585 Ll eludall st ks
- 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. (3295 daSlyzall (ygaddl plag dlg dpanly LMS ] Bl LML Yoo Y95l aie
da,8y dpa lll dadall xead losie dousglll B3a8 Saoey . oy (g8 pasdi Gygey LS
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Normal Fatty Plaque Increasing Obstructive Plaque fissure or
streak plaque atherosclerotic erosion results in
plaque thrombosis

Unstable
angina
: I
4
X |
. |
‘; I
, |
: |
! ]
1 I
| Acute
Noninvasive tests: Noninvasive tests: : o .
normal abnormal I r-nyoca"_d'al
: infarction
I
I
I
|
!
Endothelial Positive Exertional .
dysfunction remodeling angina -
1
I
- Death from
A coronary
Inflammatory markers disease

{e.g., C-reactive protein)

Clinically silent




The prevalence and severity of atherosclerosis and IHD are related to two

groups of risk factors: el L Baing slacsl b
oo prregaxay oyla8Yl Call (b yag
I. Constitutional (non-modifiable) risk factors in IHD: el Jolse
- Age A ya2) dysedl sl Lalse gl iy
yasll
- Gender =
. dlygll
- Genetics

IT. Acquired (Modifiable) risk factors in IHD:

- Hyperlipidemia.

) deSall yhasdl Jalse

- Hypertension. (oY Call bya b (Jasnal)
2l s ¢ a5l sl Oliamas byb
- Cigarette smoking; oSl el ol (s 5

- Diabetes Mellitus. 5




Additional risk factors:

- Inflammation

- Hyperhomocystinemia

- Metabolic syndrome

- Lipoprotein (a) levels

- Factors atfecting homeostasis

- Other factors

Sledidl -

- el ctuiwgage bbyo

Slasll Lezadl dodla
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Cholesterol
and
Phospholipids ©®

il plyaly Gloyl yhs Jale
Sl 83le) Jlayl g dx Ll

PLg.é.z.o[}é &.ul).!) eluddlg (Og,m_\.\l
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genetically determined st e Boen il

marked elevation after acute
iIschemic coronary syndromes

structurally homologous to
plasminogen

competes with plasminogen binding
sites on endothelial cell surfaces

. blayl g8lge o udliny
oxidized Lp(a) promotes =" ° "~
atherosclerosis Lo 3uStall Lp(a) 33039 s

stimulates PAI-1 synthesis ™" &= 55 o=

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

(ol Stein JH and Rosenson RS. Arch Intern Med 1997;157:1170.



Pathogenesis
of

Atherosclerosis

Historically, there have been two
dominant hypotheses to explain the

progress of the disease: — obwesdbe s bt
1o2sall yalal yewsd o lisil

- ome  emphasizes  intimal  cellular

proliferation. olal) &l B b Lokl 1S5 e Laalao] 3553
Oyasl) aall @abizally (oSl e 63591 3535 Lac

- 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 bhealing response of  the
arterial wall to endothelial injury was adopted.

Sle palsall clas ) s il Blod) dloiad] dub s slasel @i d3550
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Atherosclerosis is produced by the following pathogenic

events: Al e yall SlasNl e sl pll Ll ez

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

5305 (o3l ssal ot 58) et Al ile gl il Lo -
g el SUySI gladly (dsgadl! de gl Ayl
- Accumulation of lipoproteins (mainly LDL and its oxidized forms) in the vessel

wall. :
RN dugoall L gyl ylus L,% ('é.L..uSéAJl ad\Saule LDL uu.uj_) JS...:.U) dcadl Olidgydl @Slyi

- Monocyte adhesion to the endothelium, followed by migration into the intima and

transformation into macrophages and foam cells. Al @sman s alegll @iladly Bausoll LT sladll
gty Lsg daaly LS ] lggadg dds1ul dadall

- Platelet adhesion.

Ayseu)l milaall la -
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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

: (ECM) skl 215 d8gaamall zluilg elulall odlasll Lils 1S3
growth factors) production. T e s e

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

Ll Lelslag LIl zyls sl @S5
(eladd! & Lasll LMsIlg dasll 2




Hyperlipidemia, Hypertension,
Smoking, Toxins, Hemodynamic
factors, Immune reactions, Viruses

Endothelium —

Intima —

Intemal

membrane

Media ———

- Monocyte adhesion and Hecnmnsntolsmoom Cholesterol effiux via HOL
» ““9 :mm muscle cell precursors

SN
y A
)

W . = ‘ o S
- matrix synthesis

.
)} S )
< )

= / S . p- : ‘ > = -- '
E . { C e - = Proliferation of
) ¥ . smooth muscle
l.

Q:' g
Onﬂud LDL

Extracellular lipids
and necrotic cells
Migration of
smooth muscle

Normal vessel » Progressive development of

artherosclerotic plaque
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Consequences of Atherosclerosis -

The aorta, carotid, and iliac arteries (large elastic arteries) and coronary and popliteal
ol J’Lw” ub}«dls ngsﬂ' olyddl aeg
Ll plisadly (854S iye cpaly) a8yl
dhagia idoe oulyd) ol gladly
ol il Clad Blaal (el

\
(medium-sized muscular arteries) are targets for atherosclerosis.

Heart attack, stroke, aneurysm, and gangrene in the legs are potential consequences
St R SR RN
I S D P A
Bladl 8 Loye sallg (dygeull

of the disease.

e Gyl Ll sazes
The principal outcomes depend on:

=ik sizerofithe involvied wesselsin e i s

- The relative stability of the plaque itself. s il el Jiaes

- The degree of degeneration of the underlying arterial wall. wsldl glsallslar 2z so-




Subclavian artery

Pulmonary artery_{

Hepatic artery —

Mesenteric artery

Ulnar artery
Radial artery

Femoral artery

Anterior tibial artery

Posterior tibial artery

Carotid artery

Brachial artery

Renal artery

i

Aorta

lliac artery

Lateral circumflex
artery

Popliteal artery

Bl Arch of aorta
[C] Subclavian arteries

Bl Common carotid arteries
B Brachiocephalic trunk

Descending aorta

488 yolg dpldls &yygdll oyl pad] Sad
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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.
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Pre-Clinical Phase
3 Usually young age
FATTY STREAK
—‘;J \\: S P/
ADVANCED/
PLAQUE * VULNERABLE
1 PLAQUE
At lesion-prone areas, Cell death/degeneration
accelerated by risk factors! Inflammation
Endothelial dysfunction Plague growth
Monocyte adhesion/emigration Remodeling of plaque
Smooth muscle cell migration to intima and wall ECM
Smooth muscle cell proiferation  Organization of thrombus
ECM elaboration Calcification
Lipid accumulation

Clinical Phase
;2 g Usually middie age to elderdy
o2
Mural thrombosis
Embolizaton
Wall weakeni
i ANEURYSM
&  AND
RUPTURE
Plaque rupture
Plague erosion
Plague hemorrhage
Mural thrombosis
Embolization

OCCLUSION /g
Y |
THROMBUS

CRITICAL
STENOSIS
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1. Atherosclerotic stenosis: s Al s ] L) pl] $85 i g8
)_&.‘o 903 chg u.@ Ty ) R
® Compromised blood flow WILL lead to 1schemic injury secondary to ¢ritical occlusion
of a small vessel.
® Total circumference expansion due to outward remodeling of vessel media is an
adaptive mechanism before an injury commences. N i
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® At 70% fixed occlusion, clinical symptoms surface (Stable angina).
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The effects of wvascular occlusion ultimately depend on arterial supply and the

metabolic demand of the affected tissue. Algll B Gusal Gy gl sliil 56T sazes
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2. Acute plaque change
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Plaque rupture is promptly followed by partial or complete vascular
thrombosis resulting in acute tissue infarction (e.g., myocardial or
cerebral infarction).
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Plaque changes fall into three general categories:

- Rupture/fissuring, exposing highly thrombogenic plaque constituents
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- Erosion/ulceration, exposing the thrombogenic subendothelial
basement membrane to blood
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- Haemorrhage into the atheroma, expanding its volume




The events that trigger abrupt changes in plague configuration are complex and
include:
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- Intrinsic factors (e.g., plaque structure and composition)
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- Extrinsic factors (e.g., blood pressure, platelet reactivity) ... uai e ou vas o) cois i

Vulnerable plaque Stable plaque

Lipid core Fibrous cap Lipid core Fibrous cap
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. ©3 Thrombosis
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Thrombosis (partial/total) associated with a disrupted plaque is critical to the

pathogenesis of the acute coronary syndromes.

Thrombus superimposed on a disrupted partially stenotic plaque converts

it to a total occlusion. iz Gyl Lle Byl (SIS a5
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In other coronary syndromes luminal obstruction by thrombosis is usually
incomplete and will disappear with time. 0552 o538l 2l glosall Olajlaa 8
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Mural thrombus in a coronary artery can also embolize. oo oSolhe e Ao Jufa
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4. Vasoconstriction
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Vasoconstriction at sites of atheroma is stimulated by: 5 * fenne bt
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(1) circulating adrenergic agonists b yzsall Loy 1 Sslaali (1)

(2) locally released platelet contents e susall el plaall Sliszs (2)

(3) impaired secretion of endothelial cell relaxing factors (nitric oxide) relative to
contracting factors (endothelin) as a result of endothelial cell dysfunction
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(4) mediators released from perivascular inflammatory cells. eyt s oo sl wiLusi (2)
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