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Introduction

o bismgl) it g lal) oL S 0o s il ST .
® Cholesterol is essential for cell membrane formation &
hormone synthests.
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L‘Lipid§ are not present in free form in plasma; circulate as
lipoproteins (complexes of lipids and proteins), they are
transported in blood using lipoproteins.
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© Badvs. Good Cholesterol

Bad (LDL)

- stores cholesterol in the
blood stream
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cholesterol ester J<. ¢ lever s

Good (HDL) ',

- regulates LDL storage and
promotes excretion
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Atheroscilerotic Plaque
(LDL accumulation)
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Lipoproteins: spherical macromolecular
complexes with SURFACES that consist

in” and CORES composed

mostly of  “triglyceride and cholesterol

ester’”’.

Function: To keep the lipid-soluble for

transporting them between organs and also

provide an efficient mechanism for delzvering Apohpoprotem

their lipid contents to the tissues.
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Hyperlipidemia

® Hyperlipidemia is defined as an elevation in total cholesterol, LDL,
triglycerides, or low HDL concentration OR some combination of these

abnormalities. oalans! 51 SN Gysanll (LDL «(olSI JgiandsSI (o8 & L5,) 4l aall Sliands by Ciya
Slasdl sia e giye o HDL 585




Apolipoproteins .
triglycerides +
cholesterol ester

phospholipid .

free cholesterol
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LDL Metabolism

Dietary
cholesterol
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< 1. Chylomicrons: Triglycerides > chlo G g
* Lowest density. la¥l jlan (o8 daial o ¢

ol ol Bsll elaad ) oo oennlead JSt L3300 LSS oy ganll J5i o
2 3 & RS (St A =
* Synthesized in the gut wall.

* Mainly transport dietary triglycerides from the small intestine into the blood.
VLDL (loa 3ESI Eoadnie diasll ol pll)

2. VLDL (very low-density lipoproteins): Triglycerides >chlo

S (30! e T Gigaall (e 750 o il Lo sle 5
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* Contains approximately 50% triglycerides with the remainder; roughly equal amounts of
phospholipids and cholesterol.

* Synthesized in the liver. - +8I/ b tasiai &3

* May be converted to IDLs in the blood. .../ (i IDLs ) Leliss oS

IDL (L6 Laugio Liaall ol ,ull):
3. IDL (intermediate-density lipoproteins): Lgleaio ol yoa

* Composed of approximately equal amounts of triglycerides, phospholipids, and cholesterol.
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@ LDL (WL jadais gianll opigll):

4. LDL (low-density lipoprotein):
b RIS
* Composed of approximately 50% cholesterol.
SN AT St el il Jall
* Main carrier of cholesterol from the liver to tissues.
Al gy ole Baane LDL cdlione; datiye WA (b Lplasif 23
* Internalized into cells bound to a specific cell-surface LDL receptor.

173 . B > SR RetH [N B R SRR e | il oI
e “Bad cholesterol” due to its role in atherosclerosis, 222! oot s s faeall da il

. e e i S B S ol i s e
5. HDL (high-density lipoprotein): il Jshill HDL £ 5,1 gonll 83000! cyo s i€l i 8 "asndl Jssicadi ST + |
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* Synthesized in the liver. ST s
* Carries cholesterol from the tissues and plasma back to the liver.

* “Good cholesterol” because it removes cholesterol from the circulation; high circulating HDL
levels associated with a reduced potential for atherosclerosts.




. :ISF XS 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 -9
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 6-8 45-50 18-24
HDL 1.063-1.21 5-12 45-55 5-10 3-5 15-20 20-30
HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very-low-density lipoprotein.
— A. Lipoproteins
Chylomicrons LDL HDL
Triacylglycerols -
0.08
Cholesterol |—
esters
Chol | 022 0.30
olestero 042 0.47
Phos pholipids L |_
0.( |_ 0.04
Proteins 0.02 0.06 015
002 0.07 0.04
Diameter 80-500nm ca. 50nm ca. 20nm ca. 10nm
Apolipoproteins Al Bag, ClI+1ILE Bioo, Cll+ 1N, E Biog, CHLE  |ALII+IV,CHI, D
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bruas.n.  Apolipoproteins
These proteins hff three functions:

@owl AT BTl L v o M i
Provide structure to the lipoprotein,“activate enzyme systems, bind with cel
receptors. :E5 CsB-1005 A-ll5 A-l oa Liysyow Al SSY Tuaill Lianll o Lisigoald

The five most clinically relevant apolipoproteins are A-I, A-II, B-100, C, and E:

i i DL e E AvoBRb
Apo B and E proteins are ligands for LDL receptors: RERR R e

The blood concentration of apolipoprotein B-100 is an indication of the
total number of VLDL and LDL particles in the circulation. An increased
number of lipoprotein particles (i.e., an increased apolipoprotein B-100

concentration) is a strong predictor of CHD risk.
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N7 ApPO C-ll (3o o yealadls dianll (alea¥ ! slhy il (oianll obgsll Slull aeliws Jole sa chylomicrons sVLDL sIDL. & '

Apo C-II 1s a cofactor for lipoprotein lipase, which releases fatty acids and glycerol
Sl Rty el el shal s APOTGHIIE s2is.

from chylomicrons, VLLDL and IDL.. b i salnlh e T ke G GWEBE L SBE
trlglycerldes ,MSJ Lo o S 13N 1ia galsae Do ol Lipaling Lol oyl wasil LU
o 'CAII: ownregulates lipoprotein lipase activity and interferes with the hepatic

uptake of VLDL remnant particles (may emerge as an important marker of

atherosclerosis and provide a way for clinicians to identify patients requiring

aooressive treatment). JarieadsSI 850l Sday illy «(5lhadeil 3 Janal Jgiead SI-cpfiacalll) Apo A-| LCAT ¢xis s Loty
S é HDL cliga i o0

Apo A-1 protein activates LCAT (lecithin-cholesterol acyltransferase), which

catalyzes the esterification of free cholesterol in HDL particles.

Levels of apolipoprotein A-1 have a stronger zuwerse correlation with CHD risk.

HDL particles that contain only A-I apolipoproteins (LpA-I) are associated with

| . . R iR B BEA S s L
- a lower CHD risk than are HDL particles. sy ia,,, ol 1is wgias wall HDL ooz i oalil <l |




Density (g/mlL)
Composition (%)
Protein
Triglyceride
Cholesterol
Phospholipid
Physiologic origin

Physiologic function

Plasma appearance

Loyl glas

Electrophoretic mobility
eIl Jal

Apolipoproteins

Chylomicron VLDL LDL

<0.94

1-2
85-95
3-7
3-6

Intestine

Transport dietary CH
and TG to liver

Cream layer

Origin

A-1V, B-48, C-1, C-1I, C-

Iﬂawédwwu

0.94-1.006

6-10
50-65
20-30

15-20

Intestine and liver

C olalal Jall
Transport endogenous

TG and CH

Turbid Re

1
3 . LLQ.\.\.\J
“Lipemia” S

Pre-beta

1.006-1.063

18-22
4-8

51-58
18-24

Product of VLDL
VLDL gt

pael

catabolism

Transport endogenous
CH to cells

Clear

Beta

B-100, C-1, C-11, C-III, E  B-100,

\/

1.063-1.210

45-55
2-7

18-25
2632

Liver and intestine

Transport CH from cells
to liver

Clear
Alpha

A-1, A-IT, A-TV
16



v -~
(&JUI 83b:«.”) &...;.L.JI&»I,JI&;..\::.IJls JJIHJI uL.a_a J«Q bu‘)_\ (Ujsg|ssh,‘d|) LDL Lle G =il 1
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PR ey s e . . . .. . . . e Apolipoprotein B-100 (Apo o LDL duus (o (20 i Lle pold JSuin Wyeiti OMdiumall odn @
i 1im o (LDL o doeas) dalsdl U3l JopiaandsSUl (i gy Lowic s ladl sgiumall glas)l o o oo T R T 00

B bese” lgaad 0l dulsl e LDL Cudy Ul zlizall 52 Apo B-100 Jls 1 Jadl s Juiiwall "zliaally JoaII" pliss asiy lin o

o< Jogmall 35 00353l 1im .HMG-COA reductase vl Joc i) 8)Lil dudsdl Juw )i :zlogl Slay] o ' il
Riso e g dylsd] of Gy abapls a3l J31o Joyiud oS giso de pud Boamally o3l sglazl at Op y S] (@l sabdl) Mol A1l plgildl .2
a2 JoslualsS o a8 11 I (LDLutanall) ciSpall Lo Gl 385 s shianally LDL ey of sy =

a3 Lgbuw e 8agaz LDL OMdiuo guiual (o &3l a5 1)l pudd (8 1ol w3l Sl o .(Endocytosis) ssldJ| plaudl

PJJ|QALDLQ.od§i oS T, |Qid\;ﬁ¢: . | .(Lysosome) "Jl> opu" 2o zoais idalsdl Ll dsdl Je3o oo @

LDL (pudm) Jalos oy o] i J51o @

LDL a3 IDL () ahigat i 1o o0 VDL 554 AN 510 > g JapiloSUl oo gy ©
Bz dager psi) Bl b ] Jadunall 5295 ole] oy ©
® VLDL secreted from the liver: converted to 1DIL. then ILLDIL.

s lall LAty &<t suadly oI gle eLSiws LDL Loydlud! cdgls

® Plasma LDL has taken up by receptors on the liver, adrenal, & peripheral cells:

recognize LDL apolipoprotein B-100. .LDL apolipoprotein B-100 le _s,aill
LDL internalized & degraded by these cells. EDL et e e o

Increased intracellular cholesterol levels inhibits HMG-CoA reductase &

s HMG-CoA Jlat avas tall Jaks fisioals€ @it 3ab3
LD Skt ks o s
17

decreases LDL receptor synthesis.
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LDL (8LSUl jadsuio ool cuig pll) dygsall 8900l Ll iy G el yinall 8,lasdl b Ll 5,45

':dl . | ‘é\s L‘Aﬂ T _— Sl 8 Wi C.)-bj,w"(sl&ogb SIl G 09995 olsy Lsi) dyausdl,
‘/ﬁ.
N liw . (dulasll daudallg &ladl LMS ) Gwlpid) ddslodl lad] G eladdl 9 LDL wwSTy of ¢
|-.u-uJ|;°LoAL5‘-Ue-‘4-‘:‘ B k d ‘ S (4 wollg ladl b wlaﬁ»dwzdlwwlumtngw;Tﬁ
SuI s gall, aC groun & > el J
W0bradl jlaz I (monocytes) "asls31 LisI" Gowsd elaw po Lis Glsdiul ab wolgldl dois
Shll o8 dale LAl A, SuSsall LDL JI glis (macrophages) 8pusS duasl LM Ll Jooi Cus>
19 piudsSIb dido (foam cells) duge) LS JI Ledomy dpoeldl LASJ] odn J31o wuuS5all LDL JI @Sl )3
® [ .DI. also excreted in bile; ol B (fatty streak) "@mal bl By Lo JSi5 dlay o9
S| gyl doudll Jio 83 Olaclis Ul $08 wid Cuadliss dulgidl dlasll odm & paiwl 13]

joins the enterohepatic pOOl. 89gdlg il ol Oyl g all cpl il (ool (dsddll dalsdl) Gl dlae eliis| duglooll

eliminated in stool.

A ) R § Oalyeill Glad) cad cLeadll o8 LDL 800t (S

® [.LDL can be oxidized in subendothelial space of arteries: :
N : : Al Lol o] cpalptl] Shoa o S5l LDL [t
Oxidized LDL in artery walls provokes inflammatory response. ‘mw,t,! B a;im Lola] Mr

Monocytes recruited & transformed into wacrophages.
results in cholesterol laden foam cell accumulation JartensSIL dlaall 358511 LA oS15 ) 55

Foam cells: beginning of arterial fatty streak, ¢ !l ool bl Gl 2201 LA

If processes continue angina, stroke, MI, peripheral artery disease, arthythmias,
T SR R e R RS S e SR S . @ |
RS bl QB L ys alla] anes dadshll oyl &
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Etiology

pall @laad JIa il Gl Gl b Jlia
® There are two major ways in which dyslipidemia are classified:

Gl il K S R b RS e S

1. Primary: when the disorder is not due to an identifiable underlying disease.
(435 31 caphall e 8.3 el oo o) a1 o2l gl (el ) (5,0 L el
Phenotype (Fredrickson-Levy-Lees), or th ﬁjﬁpreseg%atlgg _&t];%eﬁdi (1 cl ucj}gg EEE =

specific type of lipid that is increased). L sute yil c¥Lall las ssaall Sl o il sae i wlli gay . oiall gl

Genetic, this classification can be problematic, because there are over 500 difterent’ ©°
mutations of the apolipoprotein gene. However, there are a few well-defined genetic
conditions that are usually easy to identify. <o e peulud! dpiall g 35k e Gl b Glaf o (6580

2. Secondary: should be initially managed by correcting underlying abnormality when
possible. PO TR R SRR N AT

®° Current laboratory values can not define underlying abnormality. © !

e e e o _ S —
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Al badll e L8 6 1Y) gianll ol ndl Sl triglycerides ¢~ chylomicons sk,
Triglyceride ¢ VLDL
LDL - chlo

Primary lipoprotein disorders: 6 Phenotype catego

Fredrickson Classification of the Hyperlipidemias

. Jﬁjeanoprotem(s;‘ SR S, Relative
Phanoly . 3! cholesterol triglyceride .
e Sovated concentration concentration Irequency, %
L3 Lo by wuasll
| Chylomicrons ~ Normal toT M“M <1 uf,;uj, L e
lla LOL ™ Normal 10
[b LDLandviDL 1% ™ 40
| A A A
m oo 7 M o«
v VLDL Normalto T = 11 45
, - VILDLand A | |
V chylomicrons T 0 T TTTT 6
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Primary lipoprotein disorders: 6 Phenotype categories:

Type | Hyperchylomicronemia ! Jsssts b
(el Al U yieadsS i) G Laiaie inll oxig ] (gsions ¢ L

Type lla Elevated LDL (familial hypercholesterolemia)
Type llb Elevated LDL and VLDL (Jfamlhal comblned

I oasaie giaull Ghgsll (gsime ¢ L))

hypercholesterolemia) T L ol S i) o S i

(s LSl gy JIR) o sl opo Tam GBS 2l giaull oy ul]

Type Il Broad B-VLDL (Famlllal dysbetallpoprotelnemla)

(LGl Al _\.U.u.ulc O Lyd) faa LI jadnne gaanll (nigyll (gsious & LS

Type IV Elevated VLDL (Familial hzlp rtriglyceridemia)

LLAM adll Slian fan 4 addie giaall oigslls &l Suasl Il (g sinus ¢ LS|
Type V  Elevated chylomtcrons 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 ()] e £330 Lyd eadll JgieandsS Loyd) (olilall qidig ] SLalll pal
I Familial lipoprotein lipase deficiency TG++, C normal, CM++, HDL—/normal
(hyperchylomicronemia, hypertriglyceridemia)
lla Familial hypercholesterolemia ¢ ¢! Jsiseds 2 TG normal, C+, LDL+
Ll o Lilall all oliaad by
l1b Famlllal combined hyperlipidemia TG+, C+, LDL+, VLDL+
(L8l Slasuall (2 50) ohilall adll Slieads _ _
1] famulla dysbetaﬁldemla (remnant particle disease) TG+, C+, IDL+, CM remnants+
1V Familial hypertriglyceridemia bt/ pdh somesle (356 Lys TG+, C normal/+, LDL++, VLDL++
BEAL G Blall adll sy prenle (3G b)s
V Familial combmed 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.
TGe il saull Co (g yimandsSIN CMe colis aslSI HDL. uhﬁlu&mﬁlumjﬁll LDL. duaall &l !l

QST Ladaig | QU dasnis daaall o lbg ! IDL. o+ (GBS daiugie Liaall olibg il
VLDL. - = 5')41 ‘)A e ks jl'fﬁg)s://doctorlib.info/medicaI/fitzpatrick—atlas-dermatology/18.htm|
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Disorders of lipid metabolism
LA G s BB (08 (gl (13 (sd] ol ol Slaanss ojd s
* Prolonged hypetlipidemia results in the accumulation of lipid in tissues and
causes cell damage- Xanthomatosis: alall ca3 sl (xanthomata tuberoruptive (- cais,lls oSl oo S

SIEIT 2 1 ol ciloant L) - LESETT Cypal): Jc,,:-@ﬁwleﬁleMjs Laokane by
od Qoadll pSLT 6 (Rl Glagkiloll oa SHAHT 7 il m bl ilaandt st} JiIT (38 E 1 Gy o] lianit |
* Lipids may accumulate in: (3601531 5o pll loonts "”‘“""'”' oul Ll Rl |

a. Xanthomatosis: subcutaneous tissue (tuberoeruptive xanthomata (over
knees and elbows- type III hyperlipidemia)-triglyceride), tendons (tendon
xanthomas-familial hypercholesterolemia- type II hyperlipidemia), palm
(palmar xanthomata-type III hyperlipidemia), the cornea (corneal
arcus, xanthomas, type II hyperlipidemia).

b. Atherosclerosis: Arterial wall (Cholesterol) szt bl jlaall bl s

24
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=0 Xanthomas

® Xanthomas are plaques or nodules consisting of abnormal lipid deposition and
foam cells. They do not represent a disease but rather are symptoms of different
lipoprotein disorders or arise without an underlying metabolic effect.

® Clinically, xanthomas can be classified as: . ;. .y . e

Eruptive, tuberoeruptive or tuberous, Sl
Ssws 9l G A9 a9

Tendinous or planar xanthoma.
® Planar xanthomas include: ok b Gsiall Giall aly¥l Joss
Xanthelasma palpebrarum/xanthelasma,
Xanthoma striatum palmare,
Badas L] g dadie 8yiae Ly peu Lyalls Llal Jlia
~ ® There are characteristic clinical phenotypes associated with specific metabolic defects.
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Glasisly oS1S5ull alall

el Slew po Lo

Chylomicronemia.
Eruptive skin

xanthomata

Il
Tuberoeruptive and
tuberous xanthomata
typical of familial
dysbetalipoproteinemia.
A. Knee B. Palm.

e dgad &y Blagisly 5 3l

] (s e olile
S LS

characteristic of
severe V
chylomicronemia.

a3l nbhe (lile oo sadsed :xanthomata 335
Saag wlie aall (8 Jg i SI E LS
wlile cue @o i)l o8 xanthomata

(s leall a3l o540l <Apolipoprotein B-100

ol J g yiugt
pid g st .
Tendon xanthomata: typical of

heterozygous familial

hypercholesterolemia. Similar

xanthomata occur in patients | Y 9

with familial defective - ‘\ \

apolipoprotein B-100, 3 2 o Il
cerebrotendinous xanthomatosis, Xanthoma striatum palmare
and sitosterolemia. Xanthoma striatum ~ characteristic of familial

palmare

il inse pese Dl o dysbetalipoproteinemia.



Dominant trait

Builed) Lall geans J5¥1 Juall o8 ekt o301 dieall

Recessive trait

il Al e J5Y 1 Jeall i el ¥ (3l il

1. Thetrait which appearsin F1
generation are called dominant
trait. ST ains ks

2. Itappearsin more number.

Latill Waall gsag o8 Buileadl Laaall Helas o oy
3. Dominanttrait can expressitself

inthe presence of recessive trait.

6 allall baaill E LY HAT woliie Jall apmg byl ¥
4. The presence of anothersimilar
allele is not required to produce
its phenotype.

1. Thetrait which doesnotappearin
Flgeneration are called recessive

trait. 3T sans elss
2. Itappearsin less number.

Bl daaall ygag o8 Lpends HelaS ) Latill daall <L

3. Recessive traitcannotexpressitself
inthe presence of dominant trait.
(s allall Laaill g LY AT Gl Jul asag by

4. The presence of anothersimilar
allele is required to produce its

phenotype.
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Familial LPL deficiency

.VLDL; Chylomicrons 3lJ Jaxlls oy slagdl ayb e ol dilegl] Sladl opo LPL 33 a3y Lo 3ule

® LPL is normally released from vascular endothelium or by heparin and hydrolyzes
chylomicrons and VLDL.

gaadl 5ol oBlad) LPL yals

® FFamilial LPL deficiency is rare.
Sl Ll &) Lol ge A1 o1 Gadall a3y ) blias ole Ganiidil] adiay
Apolipoprotein C-llc a3yl seliws Jole gas.

® Diagnosis 1s based on low or absent enzyme activity with normal human plasma or

apolipoprotein C-II, a cofactor of the enzyme.
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Familial LPL deficiency o
:(chylomicrons) Js¥! ¢ sill oo giaall cnigyull baas Eru ptive

Ol (o8 8l bl Lag lig SaaslSIT oo Jila oS ety

® Type- I lipoprotein pattern (chylomicrons): LVLDL 555 Ll o L3501

] ® Characterized by a massive accumulation of chylomicrons and a corresponding =
- increase in plasma triglycerides. VDINCONCENtIAON IS NOrMAlID

SR e I il S S T SR T S R B s e s i =

= @ Presenting manifestations include repeated attacks of pancreatitis and abdominal =

pain, eruptive cutaneous xanthomatosis, and hepatosplenomegaly beginning in

: BIGS S il S A S e i
S childhood. &e oty % ' s
il cobig SaaslSII £ LS5 s
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et oy
e
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= |

~ ((elevation of chylomicions, | ) el s L

@ * Acoclerated atheroscleros iSO ESSORSEMNEISEISED °
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Familial LPL deficiency

(chylomicronss VLDL) _ualall ¢ il

® Type V (VLDL and chylomicrons):

(\

wgcaall Gloac¥! JalGely dslSoull Lydeall aly ¥l ouls Kl Glelly oball 2¥i

Abdominal pain, pancreatms eruptlve Xanthomas and penpheral polyneuropathy
Symptoms may occur in Chﬂdhood, but usuaﬂy the dlsorder is expressed at a later

age. SR R o I R B R s
The risk of atherosclerosis is increased with the disordetr.

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

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

2Bl g ¥ g0y (JoaSIl S5y g Sl (2509 canll cliysn Gaaa baydg cdbaydll diacall o ua ) (oSl Lo Bule -
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Familial hypercholesterolemia

® Characterized by: LDL (pe Leyddl cgsione o oSN ¢ LY
Selective elevation in the plasma level of LDL.
S (il o1537) crabyeally GESYI) B9 o LDL o S5kl g sl e :
Deposition of LLDL-derived cholesterol in tendons (xanthomas) and arteries
(atheromas). A T S e S e e S
Inheritance as an autosomal dominant trait with homozygotes more severely

affected than heterozygotes.

LDL (ApPO cdliicus & LDL Ly cole 8,8l ane s olilall anll (o Jg5icadsSI & L5, (0 (gonanyl] sall
gl ayll say LA 6 sdae LDL edldione lagival o8 cuce <l 51 B-100)

® The primary defect in familial hypercholesterolemia 1s the inability to bind LDL to the
LDL receptor (Apo B-100) or, rarely, a defect of internalizing the LDL receptor

—— - . ’ s —

g e s o

| o) complex 1nto the cell after normal binding. @ |



Familial hypercholesterolemia

risk Ji<I olae receptor Apo B100 saie s
iy LDL o3lifions (ole renluad S T cipmyill 5in3 ¥ RS CUt aalleadeenio B

® Homozygotes have essentially no functional LDL receptors. e

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

& asinndsSll J bl yi2 ganll Galaslly LAY Aaalys LDL 5505 ol (o) gty 1ia

in LDL receptors. LDE il i e S DI e IE

receptor - |

L33 ssange (45S55
® Heterozygotes have only about half the normal number of LDL receptors, total

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

- ® 2R T Sobant) e e S S S G e e ©
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Dysbetalipoproteinemia
(B-VLDL 7 (s yall BUaill Lt soaca) &G g g3l opo olilall qinall cpigpall bayd
® Familial type III hyperlipoproteinemia (also called, broad-band, or B-1V1.DL)
(220 Siy s WBIL S B S U
® Patients develop the following clinical features after age 20 years:
Xanthoma striata palmaris (welaill 4asd iy Joasll jaa¥l oslll ol yus0)s
Xanthoma striata palmaris (yellow discolorations of the palmar and digital
creases); (] Galal) Lagilyll o lys¥1) sl 1 Lisull daasiilil o ls¥)

Tuberous or tuberoeruptive xanthomas (bulbous cutaneous xanthomas);

Severe atherosclerosis involving the coronary arteries, internal carotids, and
% . C . 5 a0z b e S A f e i [y BVEN [ » il NN A -
abdominal aorta. bl (obayg¥l Gloyall g QA Loldl ol ylly Galill oyl oy @il alall Gulyill Gl
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Dysbetalipoproteinemia

Labd) epbatod ) LG, gabll aSIG e ¥ E daall cngull Lusall Lo
(IDL aculs g yall) VDL 5 & Lig SeaghI1 e il Ll o larcual

® 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). ool fadly iRy Bl e sun bl lpall 503 5
B dal gk ol 4 SRl s W ey

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

overproduction of apolipoprotein B—containing lipoproteins.
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Familial combined hypetlipidemia

LDL &Sy juing capolipoprotein B sabs (HDL alias] L8l G ganlly oISI g iead <IN ¢ LS50 Saaty

—increased apolipoprotein B, and small, dense
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Type IV hypetrlipoproteinemia

1oLy Hleas
® 'Two genetic patterns: Gl Bl ole [aS i Jany ¥ all o slall LD pnall dasi
Al Taldll Sa b8

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

Aysaall Lueg¥ly I ALyl Ja 8ulis b slly sl il f o Elall ol cliaat Ljd
Familial combined hyperlipidemia, which is associated with increased risk for
cardiovascular disease.
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Type IV hypetrlipoproteinemia

ol o b (0 Jg¥T alill (o4 (3l sie Sanyg @SLd (oiaall gyl by e aal 11 ¢ il
sy alisl agal uals anll ey (aan baydy ¢ Sl (s yag il Larall (o gilay

® 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 secondary to alcohol ingestion and can be aggravated by stress, progestins,
oral contraceptives, thiazides, or B-blockers.

ninng ol alga ] o a8LEG (1 oSy JoaSIT J5lal Lgil 06 S
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i
\

N/

{©




wim b bl i s LeSs

P Lipoprotein Abnormalities: 2° Causes
) D

4_.‘9_s|
Hypercholesterolemia: Medications:
. 3higal! Slhie
Oyl o
Hypothyroidism L8,all 3l jpend R
Galana¥] oIl Gaye o Progestins Protease inhibitors

Obstructive liver disease NS ERSE

Nephrotic syndrome el _ Cyclosporine

suladl dakasill L yudyeull o

<> - Glucocorticoids
2 S dg Anorexia nervosa Mirtazipine
: s liver Lils : . . Siroli
chlo Acute intermittent porphytia = gauas, — HO U S
2 ERR BN PR BT AR

e Isotretinoin
B ».__sl‘),a.ah S

BN A Za £
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e Hypertriglyceridemia

Obesity. R
DM.
DM. Osadll jsas

OasSalall 0 3A5 & ye.

Sl a5 (a0 ghay
” Lalall) Lalaly ) dal,a,

L Lipodystrophy.

triglycerides <ic Jg%eus : aull oy,
Glycogen storage disease. Jasll.
sladl oI Glgall,
Ileal bypass surgery. IR o] bR [l
Sepsis.
Pregnancy.

Acute hepatitis.
sk By I € S s Bl el
Systemic lupus erythematous.

{ @

Medications

Asparaginase
Interferons
Azole antifungals
Mirtazipine
Anabolic steroids

Sirolimus
Sl b
JsaS
Oaondiyl e
Joo¥l bkl olslas o
Gy lipno @
LAl o lagal]

Alcohol
BTN RSTeST
Estrogens

[sotretinoin
B-blockers

Glucocorticoids

Bile acid resins

B ub.:.al; e

rasailg yu e

39



1@

pll (o8 Jg ] SII ass

Hypocholesterolemia: * Low high-density lipoprotein:
Malnutrition. Ll eg
: p ol gl SRR
Malabsorption. b ke
: : : SR Ll pabaye ® Malnutrition
oterpase e Myeloproliferative diseases. FUSEL , e
G i 2y | Obesity -
ronic infectious diseases: S i
. . LSl de Bl & ISA B-blockers
Acqqlred e sl Lpie  ® non-ISA B-blockers
deficiency syndrome TR RS ; , LA s gyt
wlai Ll et - @ anabolic steroids
Tuberculosis \ e : e AR RAN
<l e {sotretinoin e
R

Monoclonal gammopathy.

Chronic liver disease.

Cpieusng yall

® progestins .f-

IsA  Sympathetic ¢ Jaia,
40
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Total cholesterol

<200 Desirable
200-239 Borderline high
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

5 bl 138 oy
Sasi Laws slall

u\ﬁ Lagn 0y5s)
Lo, L4l
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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)b

“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 0-4f
risk factor is not necessary.



(s dali G sl Cayyal Cils e LDL e3a jaiilis S S ¥ pelill Silhin ol o Ly colynadl e
LDL Ll ok ¥ Sule .G LAY 1 638 oo JSI Busns ashs §yilis W Gsaall (ol Slig HDL o oI JgyiadsSIT
(b L) s "allgag b B ST panies LDL i)l Jolall n w3301 il 5 ST C@hles

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 FORMULA” which is (in mg/dl):

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

VLDL

\/

{@

44

A (D
1@




fro =70 \Z\% 0 G D

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 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 simply use

the above formula to calculate a LDL of 164.
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Atherosclerosis Jals ol 1ia

g Al ol (o3l setll 5 land) Lo Sy gl llacma ) 5 "D bl s’ Ly iy 1l
Definition: literally means “hardening of the arteries™; it is a generic term
reflecting arterial wall thickening and loss of elasticity.

There are three general patterns: i, s Glal ca iy 5iall sulilly el ole i el oloss

Arteriolosclerosis, affects small arteries and arterioles and may cause

downstream ischemic injury.
o Ol ldall 0 Lol ol £ iSise (o o] sl 5y
Lole 50 e Bule aaylacl wyi cpdll palasyl

Monckeberg medial sclerosis, is characterized by calcific deposits in muscular
arteries in persons typically older than age 50. J lisd! & yiadl LI e copalyatdl Ll
Y e P PRy STVSPN [
Loy Taanly 1,5 Y1 Lol 46
Atherosclerosis, from Greek root words for “gruel” and “hardening,” is the
most frequent and clinically important pattern.



s 51 el e gl Lyl () cpelpatl] oless (g B3 U ool s Sy
SRS {REI ST [ G
Atherosclerosis is characterized by intimal lesions called atheromas (also called
atheromatous ot atherosclerotic plagues) that protrude into vessel lumens.
Lalia?) Cronall paom Lassd colyiom i o dadiipe 41 oye dualomill daglll 5yS5
ol et A ol Sl (U emdsSl 5] s Uyl
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.

ol ol slasyl (S adll 3i5 Uise
Atherosclerotic plaques can: aall Ll )] G0 35 -
Dsoall Les¥ ! i s ol Sy WL s Tnalal ) Ll Cilas) -

- obstruct blood flow
- rupture leading to thrombosis

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

47



(Plaque) d>wgll (eSS wlay i1 dl>pall

.daJull (endothelium) oL i) dds-lodl Sladl LS o 2S5 :(Free radicals) 8)=dl j9d=dl .1

S ledomid 150l (o doold] (LDL) HLadl Jg i oS! iligjar 80wuST 8,54l ygimd] poiis :LDL 8auwusT .2
.(OXLDL) oS40 LDL

daclio LM Jo00 Zroww Lo 1Ll Hlas 43L& 80Lj J] OXLDL g9 s rducliall diloinidl .3
.(monocytes) Olou=gll Lowd

LM =g ((macrophages) S Oldb I Olausgll Joib 1o byid| Hlo J3lo 1 Sloausgdl Jou 4
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LasS .(fibrous core) $wo d 5 1ol dilianll LMl odn 0S1)5 douis ((Plaque) dswgl (655 .5
Sl cll §99 (fibrous cap) oy clod @950 cu>¥sS VLT iy cludo dilianc LS gois

(Clot) dbal> J] dowsll jekas :2 @l ol

bl 0653 taer Lo (o8l 8 (platelets) dugoud] Oloudiall gozis »

dsudll £939 Ll clas)] Cloww @Ml 13 dl> ol
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FIBROUS CAP

(smoath muscle cells, macrophages,
foam cells, lymphocytes, collagen,
elastin, proteoglycans, neovasculanzation)
NECROTIC CENTER

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

MEDIA

e Lilogs o 3 oyl laad dag) fom 85t Ll Euead Il LU
The major components of a well-developed intimal
atheromatous plaque overlying an intact media.
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Thrombosis

Lipid core & fibrous Angiogenesis
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Due to endothelial dysfunction,

e Il SRR LD Sl L
Ll Bage Slissa s
LDL particles migrate from the blood and accumulate in the arterial intima,
forming pro-inflammatory patticles. sk i e e
This results in the activation of endothelial cells, which secrete adhesion
molecules A Lasl S lLdlally &Lt 5,8 (3l oLl cdlaall LA
: : @bl landl G Saungll Lolall i L
Smooth muscle cells, which secrete chemokines and chemoattractants,
£ a3 oy cpedll (o] Sasngll LOUANT JpaTs o sa S
i 8155 ) a1 8581 Lol s S
Upon entry, monocytes transform into macrophages, which engulf the

thereby recruiting monocytes to the arterial wall.

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
Ly (a3, ol olal] oy Lasie S 355 Sam
Gl DS gy Aalal] 4ol o (53 Lus 80 o3
Gl S =78

coronary syndrome.



Normal Fatty Plaque

Noninvasive tests:

Increasing
plaque

atherosclerotic
plaque

Noninvasive tests:

normal abnormal
Endothelial Positive Exertional
dysfunction remodeling angina

Inflammatory markers
(e.g., C-reactive protein)

Plaque fissure or
erosion results in
thrombosis

Unstable
angina

Acute
myocardial
infarction

Death from

Clinically silent

coronary
disease




Al Jolse Slegane (nSL IHD g (ol yudadl Gleat Saudg Ladsl Jadiy
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 (AHD (o8 (uoaill LN i2) D ysieand ] Haall Jalse
el -
- Gender oall-
Glosll ale -

- Genetics

II. Acquired (Modifiable) risk factors in IHD:

.. : THD (o (sasil] Ll1) L€l ball Jolse
- Hyperlipidemia. ol e by -
) aall bis ¢ L, -

- Hypertension. ol i -
& Sl ¢l -

- Cigarette smoking,
- Diabetes Mellitus. 2



Additional risk factors:

Lalay ] il Ll
ol -
- Inflammation N
- Hyperhomocystinemia 34l il Tl -
. ¢ N J.” . - [ UL' “ _

- Metabolic syndrome (1) gadll g ll o lisinns

. . 031531 ol 35501 Jalsall -
- Lipoprotein (a) levels

AT Jalse -
- Factors affecting homeostasis
- Other factors Type 1 suic aals
Lé\.”.c LPA 4 ‘_9.”.: VLDL sdic aaly s hyperlpdemia
Sk sdy ¢ aaldl &30S primary ¢ o8 s Lt 6 e LDAs wic
e :
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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
ApoB-100 Chx atherosclerosis

Ch°;s;er°' e stimulates PAI-1 synthesis

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

., Stein JH and Rosenson RS. Arch Intern Med 1997:157:1170.
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W. ... .. proliferation.
7 ation) Lgesdatis
wxss s Q- the other focuses on the repetitive formation

Pathogenesis
of
Atherosclerosis

e SIS e gl oo O 65
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there have been two

dominant hypotheses to explain the

Historically,

progress of the disease:
Ly Llalall Al ole ol s

one  emphasizes  intimal  cellular

laladl iy 5 S oSl ol 3K AT

and organization of thrombi.

Dlaioa¥! oy €T ole byl o (o) ity 31 Doloadll Glaiend ] duuisi < Lage

iladdl Gl byl Hlasdl slaie | o5 JI doe Lol daalgalY |

Recently, the response-to-injury hypothesis
which views atherosclerosis as a chronic
inflammatory and healing response of  the
arterial wall to endothelial injury was czdopz‘eai.s



Atherosclerosis is produced by the following pathogenic

events:
ARy cphadl ol I Slaalll Auilil) ygaddd Bng¥ ) 85 (g ,aT ypal e ore) wssaad (ol Ailad! Lleo)

- Endothelial injury, which causes (among other things) increased wvascular

permeability, leukocyte adhesion, and thrombosis.
las clegll 08 (BaaSEl ATy LDL gounsy JSit) daall & lisigall oS53

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

wall. ,
S I S TS R A N RSO RN e P S R TRV IS

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

- Platelet adhesion. - tsllst=dl
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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.

LY (sadll Jalge 5 puslgily ) slacagll oo L3S (oo (§53a3 o3 Lisheall (Llad) g 5La) ECMy sleall] epbisall Lola Ll
- Smooth muscle cell proliferation and ECM (extracellular

matrix which contains lots of inflammatory mediators and
growth factors) production.

(oLl cobaall Wlag aedll) LI Jalyg LAl L5 Gysaall oS5
- Lipid accumulation both extracellularly and within cells
(macrophages and smooth muscle cells).

57 @)




Hyperlipidemia, Hypertension,
‘Smoeking, Toxins, Hemodynamic
factors, Immune reactions, Viruses

ﬁ Monocyte admesionand Recruitment of smooth  Cholesterol efflux via HOL
muscle .-:.‘,&1 S0rS
’ VA LR S R

Extracefiular
matnx synthesis

5 . wlEe Proliferation of

y Cl \ . smooth muscle
= 5 ., ceolls

(e.g., IL-1 MCF”’)J 0“ S

Intima ——— \uowadwv. ‘ ’

Endothelium —

A, v ; >; Extracelular lipsds
. » CMM Facto ‘ ' and necrotic cells
@ - r -
internal = \ - £ — Migration of
elastic smooth muscle
membrane LI N oA cells
|- 57
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Normal vessel » Progressive developmant of

artherosclerotic plagque
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Consequences of Atherosclerosis 4

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

ol e Alaine (lse oa Ll od Luyd ally Ligaall Lo ¥ sads Lt Loall Tty Lulall oLyl

Heart attack, stroke, aneurysm, and gangrene in the legs are potential consequences
of the disease. W s
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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. 5



Endothelial dysfunction:
Monocyte adhesion/emigration
Smooth muscle cell migration to the intima.
Smooth muscle cell proliferation.
ECM elaboration.
Lipid accumulation.

Progressive
plaque growth.

Critical
stenosis
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1. Atherosclerotic stenosis:
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Compromised blood flow WILL lead to ischemic injury secondary to ¢rifical occlusion
of a small vessel.
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Total circumference expansion due to outward remodeling of vessel media is an
adaptive mechanism before an injury commences.
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At 70% fixed occlusion, clinical symptoms surface (Stable angina). s el

The effects of vascular occlusion ultimately depend on arterial supply and the
metabolic demand of the affected tissue. | e B
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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).
dole olis &G () DI & 5aa0 anusss
X 3 LS oy Les 3855/ 30
Plaque changes fall into three general categories: T s ol

- Rupture/fissuring, exposing highly thrombogenic plaque constituents
aall e ) Laall L,Ball Bladl cias (ayn Loa (g EIVSEIN

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

- Haemorrhage into the atheroma, expanding its volume «s= s bl 5 i
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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)
(asS5p DU Lty JBLI e o) Lyagall Jalsal
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Vulnerable plaque Stable plaque

Lipid core Fibrous cap Lipid core Fibrous cap
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-~ 3. Thrombosis S e e
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Thrombosis (partial/total) associated with a disrupted plaque is critical to the
pathogenesis of the acute coronary syndromes.

T R T e N AR N TR
Thrombus superimposed on a disrupted partially stenotic plaque converts |
it to a total occlusion.
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In other coronary syndromes luminal obstruction by thrombosis is usually

incomplete and will disappear with time. e
Ala) alecals f Lt oo [
Mural thrombus in a coronary artery can also embolize. ol Syl o Blanll
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4. Vasoconstriction

Gasb oo leaill gilse o8 Lues¥l 3ual Huéal Ty
Vasoconstriction at sites of atheroma is stimulated by:

(1) circulating adrenergic agonists Uglitl] 4l lgate (1)
s Sl G g il Sl s (2)

(2) locally released platelet contents
(o]l ) LT o e B e
ol Loadl i G (cpbioas ) 5L olse
(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.
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