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Hyperlipidemias

ol e e Tipid U i
* Hyperlipidemia( dyslipidemia) is excess lipid in the blood:

1. High level low-density lipoprotein cholesterol (LDL-C) e 05 HDL J) s
2. High level of triglycerides (Tag) === % syl - A HELDL S TAG
B

3. Low level of high-density lipoprotein cholesterol (HDL-C)/ Sl

e Causes of Hyperlipidemias ? =
. ~2LDL J/ Jd& s HDL J bl pas)l) Haadll 56 exercise d) s5Y
- Lifestyle factors (lack of exercise, diet containing excess saturated fats or |22¢
SMOKING).5, HDL U di 5 LDLI &5 59 sl 5 ¢ sal s 1) diet) 3
. . . . . . g g AT K 444 & Qe é 1.0
- Aninherited defect in lipoprotein metabolism. [5P5 © 2 5 =mvn s e

A combination of genetic and lifestyle factors. © = e e sl J | 0

bad lifestyle s<a 2 54 JSLia (s2ic LDL (mg/dL)

Hypothyroidism 1558 5 % 40 058 (Sas sl 7100 s ndl SIS &S0 1y e
Diabetes /

High LDL and low HDL
are both risk factors for
CHD.

metabolism J) Glblee Jarlisi el g g agdl agall (Aalad) Clatinadly aa2dlia ) T3& T4 J) allas jol8 Jis thyroid gland J)
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Why we need to treat hyperlipidemia ?

" The fat speaks :
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Y s cell membran J) e lipophilic
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ll mernbrane To the tongue, | am tasteful; < -
Within limits, | am dutiful; —sscssvsoswiauos
In excess, | am dangerous! s s usim

Chemical Constituents of Life Ch 3



Why we need to treat hyperlipidemia ?

1. Reducing atherosclerotic cardiovascular disease
(ASCVD)riSk, L_% ot D stroke or heart attack or peripheral ¢ s

JERT J e 1 Ulé vascular disease
2 eecl risk J JB Glie hyperlipidemia

2. Reducing risk of pancreatitis niniectormac s oc i e
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pancreatitis
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Goal of treatment e

(j)_;,,)l 2Ib (23250) LRl Z3le ARk S ok I o risk factors gie U

LDL Cholesterol Goals and Cut Points for Thera eut|c Lifestyle Changes (TLC) and Drug Therapy in Different Risk Categories

()SM&MIAMQ-I‘}MIOJALI‘@M u-b.)lt)l_z)plq,fp)oﬂbuﬂ/
¢¥ 5l CHD Jrisk e jua sie() Y
. L> P LDL level at which to initiate . .
Risk category LDL goal LDL level at which to considerdrug therapy )
il g g a0 AT Y As e GER; seli goal JI sl Jaa Sl TLC
CHD or CHD risk equivalent (10-year risk >20 <100 mg/dL(2.60 .
Ly vk sie =100 mg/dL > 130 mg/dL (at 100 to 129 mg/dL, drug optional)*
percent) v mmol/L) . .
Hikoges 2 S TLC' dfi)\‘{‘é £ 0955 (s P s e Guoys) 2 _
_ _ <130 mg/dL (3.35 sk X = 130 mg/dL for 10-year risk of 10 to 20 percent; 160 mg/dL for 10-year risk of <10
2 or more risk factors (10-year risk <20 percent) 2130mg/dL  cud ¥ —_—
mare Hhan e mmol/L) percent
0 to 1 risk factort ﬁﬁi‘mwﬁoi U&b 3%4_; o/dL (4 =160 mg/dL 2790 mg/dL (at 160 to 189 mg/dL, LDL-lowering drug optional)
%10 csa J8I mmol/L) . . "L
Weed Oafo~ IdPs

Olrugs el Z0
LDL = low-density lipoprotein; CHD = coronary heart disease; HDL = high-density lipoprotein.

*—|fan LDL cholesterol level of <100 mg per dL cannot be achieved by therapeutic lifestyle changes, some authorities recommend use of LDL-lowering drugs in this category. Others prefer using drugs that primarily modify triglycerides and HDL
(.e., nicotinic acid or fibrate). Clinical judgment also may call for deferring drug therapy in this subcategory.

T—People with zero to one risk factor almost always have a 10-year risk <10 percent; thus, 10-year risk assessment is not necessary in this group.

Adapted with permission from Executive summary of the Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel I1l).
JAMA 2001,285:2486-97.
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Goal of treatment

OS 5B ) saie L e (adid ) Gie 100 0 8l Jmy LDL JI s2ie JB) 528 coronary heart disease sxie 2l s Sia iy

Major Risk Factors That Modify LDL Goals ¢ LbL160J

asdle 444k 5 5iels LDL levels J) aasdy 5iels risk factors J) s o el gy s e 13)

Positive risk factors LDLJ sk 255
Age (men 2 45 years; women 2 55 years)

Low HDL cholesterol (<40 mg per dL [1.05 mmol per L))
(s A P —> U5 e WL 9%

Cigarette smoking Lol 3 sy v YR

e gadld de cun hypertension J) (Sas
Osall allai 5 0kall =% 53 atherosclerosis
JSUia 5 S Jaad g cellsd) s

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

Family history of premature CHD (CHD in male first-degree relative <55 years;
G g sasal G oS Judia) (5¢d piia oo o CHD pgre s slal S i
CHD in female first-degree relative <65 years)

Negative risk factor _ vc < iy 020y L 54l ) Caal a5 Sl protective factors i

High HDL cholesterol (> 60 mg per dL [1.55 mmol per L]); presence of this risk factor removes one risk factor from the total count
ANNNNANAAANANSTSNTT

LDL = low-density lipoprotein; HDL = high-density lipoprotein; CHD = coronary heart disease.

Adapted with permission from Executive summary of the Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel Il]).
JAMA 2001,;285:2487.
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Clinical notes
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ACC/AHA 2013 Cardiovascular Risk Assessment
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Statins

HMG CoA Reductase Inhibitors

HMWG CoA REDUCTASE INHIBITORS

—————— (STATINS)
ost potent an
|Onger p|asma \ Atorvastqtm LIPITOR
. Fluvastatin | Escol
half-life ,
_ Lovastatin ViEVACOR
Have a high efficacy Pitavastatin | IVALO
o5l o e aa2aliy

Pravastatin PRAVACHOL
Rosuvastatin CRESTOR
Simvastatin 70COR

gc]inically alexingy a5 SIS

4 93Y¥) AL aadii U s el adverse effects J) cas o

aniial Glie 5 aSIL J 5 il Sl il o)
HMG coA s s precursors J zlisy
mevalonic acid J ,a YL J st )
HMG reductase sem! a3 Gk e
de saan )V HMG coA J) Jsapad

< mevalonic acid J dea g¥ &lS
cholesterol J J s~

J' s HMG reductase J Jul.
zWY (sl sa rate limiting step
Llé inhibition stile 18 J5 il I
sl ¢ U pathway J) JS < 5 cla
ASIL J 5 i )



Statins
HMG CoA Reductase Inhibitors

Mechanism of action Reduction in cholesterol plasma
Inhibition of 3-Hydroxy-3- levels £ /0L
Q ethylglutaryl coenzyme A
HMG) CoA reductase)

. LIt 4o
__ < (de novo cholesterol synthesis) Increased LDL-C internalization

- i A

Depletion of intracellular ‘ Increa?e thLeDrll_Ufnber of cell
cholesterol surface receptors

i Lo UL TAG 5 Js_siad oS slaling N VEDL J) i Tiver J1 53l L lia) e
LDL J) cusy e J g el S o 90 juay 2SN UL cholesterol (Sle 53Y 4aial
Gl Ll 5 sl AW LDL J) e Jlay UL agiDlitine 3 58 J g yied oS agia 2k (lie
JuS LDL J alas clli VDL Jl sias




Statins
HMG CoA Reductase Inhibitors

Increased number

BLOOD of LDL receptors
promotes uptake
of LDL from blood.
LDL receptor
PLASMA MEMBRANE Low intracellular
cholesterol
stimulates the
T synthesis of LDL
receptors.
2000000 pNA P
/ & M | L e
VVVV mrua Cholesterol
i
»Z A
Receptor . .
— Ribosome Mevalonic acid Low intracellular
A cholesterol decreases
CoA <. ,» 2NADPH+ 2H* the secretion of VLDL.
\I?
f
ENDOPLASMIC RETICULUM },Q(""'“"" HMG CoA reductase inhibitors

Statins inhibit HMG CoA reductase, "

leading to a decreased concentration i~ 2NADP*
of cholesterol within the cell.
HMG CoA g— —¢— Acetate




Statins
HMG CoA Reductase Inhibitors

S o s

J LDL-C....

Bad cholesterol :nH‘QB

TG
S LDL N SR ¢ S /I\ HDL-C

P AbwS) lolo THG L,> LDL A9X
6 N dRs Llals HOLSY @50 s Lalo HDL 3 ¢ JLgaw O



Statins
HMG CoA Reductase Inhibitors

NG SN ey <\ Therapeutic uses

First line drugs to lower LDL-C and to lower the risk of atherosclerotic

NeANNANAANNNY . .
Can be used in combination if the case was sever Ca rd IOva SC U Ia r d ISea Se .

Pharmacokinetics
All statins metabolized by cytochrome p450(CYP450)in the liver
Excretion mainly through bile and feces with some urinary elimeination




Statins
HMG CoA Reductase Inhibitors

Adverse effects ,,

o 4\ Iiver enzymes G il asll ey —S> liver function test dae) Jual 0 3¥ IE;\;Iirre
Liver disease results in accumulation of statins —
it is highly metabolize by the liver 5¥ statins J S| ia 2SI JSLie gaie (ad i) 4l
M athy and rhabdomyolysis
y‘i’)&d\e ol )yso weakness of muscles QMYJ‘ JA;Y 5 el gl (Sae v A
* Drug-drug interaction e.g., warfarin ™ .o oro b‘
(&2:3) low therapeutic index s 5Y Q) agae Jhacl & siasd sillion s i warfarin M‘ZE&?BEVMQ e
- * Contraindicated in pregnancy, lactation and e Jmdon
Fieg active liver disease ™" L5 can affeck He
Alevelopment

ob b‘*@'

Contraindicated
in pregnancy
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Niacin

The statins are first line for everything

But niacin is specific for these conditions Th era pe UtIC uses

Treatment of familial hyperlipidemias and other severe

LDL 0 i Ju 0 e 252 € hypercholesteremias
&SI Y LDL J) (e JBI o 530

statins J ) e IS4 LDL J) Jliy (28 g 4pdard TDL J) o 50y 3

_ OFTEN IN COMBINATION WITH STATINS
e.g., niacin + lovastatin

0da g 4 e

e.g., hiacin + simvastatin



Niacin

Adverse effects nPlonralion
/? - -l | EL_S-'? . ﬁ\ Alaw salxlly 2l
* Intense cutaneous flush + warmth/pruritis =555 0250
55\'\Ner 3 &5‘\)(’—1 o . o J) daysil NSAID;LMGCM\%U#EJMM
sty noo o Hepatotoxicity/chemical hepatitis inflammation
| . . L> ;nf@maﬁan in the
&> &= s Nausea, abdominal pain o

J e Jan s adldiue le dasi p Cusy tubular excretion J) Gasb O s palis yric acid J

* Hyperuricemia/gout e s e o pi niacin Jé ik urine J el 5 lumen of kidney

gout J i I hyperuricemia Jdess 5 awalls uric acid J) oS) yis

e Contraindicated in liver disease and
active peptic ulcer

acidity J 23 #Y
sazall da 8 3 s UL



Fibrates

FIBRATES

Gemfibrozif L OPID
Fenofibrate TRICOR, LOFIBRA, TRIGLIDE




Mechanism of action

Activators of (peroxisome
proliferator-activated
receptors), especially PPARa

!

Increase the expression of
lipoprotein lipase

) | TG

Fibrates

e 3l o 53 Cumy DNA sl o 3 o) gt oy (i 30
DNA Jb transcription d) s 41l <dldiul)

sol gl Jala (I aglall e < iy CUS e (e o e fibrate JU
b sl e sl g g e basad s pPAR sen Jiie B Cllia
fibrate Jl aeale Jasi 3 Wlé transcriptions J) s jéss <Lt

J) 538 5 target genes JI e OOEaall Jgaa a5 s

S sl saie i AYL s RNA JI el 5 adll transcription

oS sl
' ' Fibrate

LY Target genes}
=

) %} Lipid metabolism |5 s
“LPL expre ) 2 2!
« t ApoA- expression —7 2~ -

* t ApoA-l expression N4
* + ApoC-lll expression

B
* t HDL
* } Triglycerides
* ¢ Small dense LDL




Mechanism of action

Activators of (peroxisome
proliferator-activated
receptors), especially PPARa

A

Increase the expression of
lipoprotein lipase

Fibrates

s il Chylomicron J) s) VLDL J) ¢ s
TAG J e shay Jlie adipose tissue J) e
lipoprotein lipase s 3! be & adipose Ju <
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2 a5 el expression J) u ) Wl Ll
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) | TG

Chylomicron

Capillary

\

Lipoprotein
lipase

Chylomicron
remnants <:‘_//

Tissues,
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ADIPOSE)

o «11 A Gemfibrozil

Free fatty
acids




Fibrates
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In high effect

\L TG In moderate effect
. .. THDLC

35 ¥ #)
In weak effect TAG 3 > ')}
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Fibrates

Therapeutic uses

Only for ~s . . . A —
Treatment of hypertriglyceridemia (T AG)
LDL J) Jlay 50 Gia 63Y
s as a combination 4xae! (Sas

230 LDL J) 83 ) ae sdic i
TAG Ju s



Fibrates

S saall iy olie gallbladder J o allay bile acid J) s Lika
Jban 33 a5 Jgyied SU (e 2SN 5 dziay N bile d) 2 5 GT b
Adve rse effe Cts s le (e 2SI juans Fibrates Jbu TAG J) B g8 oSl ogallbladder

5 0 Senl J LEGIWY, Y J sy s8I IS0 = 9 0 (s
» Mild Gl disturbance (most common) /20 S a o s Tsnn

. T gskes . SV ol yally s s sSU (0 s (55 s s Ll 488 a0l yally
* Increased risk of gallstone formation . s su v pile du o maen g g s pim) ey
. Gnak uscd in pateint fibrates J!
1 Llomraklow <—® Myo SItIS with gallgladeler olisease M So fibrates interfere with the secretion of cholesterol in bile
i Fhe Shelehal leading to gallstones

muscles o Cautions:
nevey give Fipfates with ghakines

( so _oThe use of Gemfibrozil is CONTRAINDICATED with simvastatin—

. h lvsi hy Jex in J ¢ | g iS)ala g3
(OI‘ Other Stat|n5). rhabdomyolysis and myopathy statin J) (e a5 S

olt is CONTRAINDICATED in hepatic or renal insufficiency

. — Tor A tfabelism %:Pe?@ (5 excrehinw by e Ridny
oDrug-drug interaction e.g., warfarin

Wy mdvosST odyd




Bile acid sequestrants

Galad o) (s
Js_yiead <1

Chglegteral

BILE ACID SEQUESTRANTS

Cofesevelam WELCHOL
Colestipof COLESTID
The most common —>CHIOf@SEYr@mMine QUESTRAN, PREVALITE



Bile acid sequestrants (7 % &e 7

Mechanism of action Depletion of intracellular Z*-3"
o I WGl sl cholesterol # \
Bind negatively-charged bile t A hepatic uptake
acids and salts in the small of cholestero| . o
intestines I hepatocyte conversion of : B
cholesterol to bile acids leading to
l t J, plasma LDL-C
—— T

I excretion of bile acids # \ bile acid concentration
in feces



Untreated hyperlipidemic
patient

Liver

3 sall aalb o) & AN 5 alSha &
lipid soluble (& ¢ saall 4l
KEDA 44l san A 5 vitamins
axat) sl vit ) Jsae el IS
adverse Jexs agaliaial (ali g 4ima
supplements e » 33N effects

Hyperlipidemic patient treated
with bile acid-binding resins

//’d o

R o
/Insoluble
complex

Feces

Cholestyramine, colestipol, or
colesevefam form an insoluble
complex with the bile acids and
salts, preventing their reabsorption
from the intestine.

Most of the bile acids and salts
that are secreted into the
intestine are reabsorbed.

e —

Giria Aa ela¥ bile acid J) Caws 5 sy Ul Sl

bile acid J) G b o= 28U reabsorption ! was

bile J &« insoluble complex skx sequestrant

TAG J gl pabiaial (s aiea MUl acid
zs® bile acid ) B8 53 S&y juay Jemy o 2SI
5N may g 5 sde AU Jg el SIS cusy
Eay a9 AL 3 38 DL J) (e J gyl S
DS ) s aa ) a e (omldll g 5 aallay 5 bile
(& sl (e

/ oL in ted / fcholessesal [ T HODL) @0

bile acid J) Ly W Y elaa¥l & jati Le o saall g LiSa
OO ol pall 5 elaa¥l e A5y 5 SN ) griay Il
bilCaCidd\d)M}ﬁ\QAmuﬁgﬂ\H&ﬂ?@d\
jw\gwuﬁﬂ\ww\_ﬁm@} c«\.xa\}“tcjkgc‘)
punll Ja as s o) bile acid J) 2 adla b s ) Lgans
ml 100 281 e ol ol Cuny b i Le 5 (e (25 5 ying
il baay ¢ 3o daid ey aSll & 97 m] pabiaiial alag aa 0 7
—
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Cholesterol Absorption Inhibitors

W

CHOLESTEROL ABSORPTION

INHIBITOR

Ezetimibe ZETIA



Cholesterol Absorption Inhibitors

.:.<, * Mechanism of action: Ezetimibe selectively inhibits absorption of
T oe¢—dietary and biliary cholesterol == 1} cheksierl

Osaal 2SI bile ) g g Gl Jssinad 5S1 &2

= * Actions: Ezetimibe lowers LDL-C by 18-23% (modest)
... Therapeutic uses:: in adjunct (combination) with statins in patients

TAG J! 5 IDL ; - . L L

e With high ASCVD risk Ja # combination Ji s e
i%i\lilai statins J! S claiul L patient J) 13
ominaion ® Adverse effects: uncommon Jae W Cms high ASCVD risk 53 patient J Jis i 5

further Jemas JUL LDL J) S Jlsy combination
SQ-(LQ ASCVD J! risk Ju decreased

ASCVD Jrisk JI J& W niacin J! &= statin J!



Proprotein Convertase Subtilisin kexin type 9
inhibitors (PCSK9 Igb\/lg\tgg/rg)

Alirocumab
Evolocumab

monoclonal
o\M-ibo‘d)



Proprotein Convertase Subtilisin kexin type 9
inhibitors (PCSK9 Inhibitors)

sve 2 PCSK9

OF . . a5 a1 BY) Al gy 2K
is a hepatic enzyme ) le i 753 m )

| . a2 5 LDL receptors

 binds to LDL receptors

1 causes the degradation of LDL receptors




Proprotein Convertase Subtilisin kexin type 9
inhibitors (PCSK9 Inhibitors)

+* PCSK9 inhibitors

J humanized monoclonal antibodies

J inhibit PCSK9 enzyme

 result in more LDL receptors available to bind LDL-C from serum
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@ 28 Gluace 2ab LDL J) &l éled DL by the liver & uptake J) 2 %

O O

_/
B. Monoclonal Antibodies to PCSK9

OLR /LDl w blaed

A. Hypercholesterolemia
TLOL mBled/ | LDLR

Clathrin- /»v /

coated LDLR
vesicle recycling (m
9,9
VOV

e

s

Low-density lipoprotein
cholesterol (LDL-C)

Y LDL receptor (LDLR)

%,/ Monoclonal antibody
| toPCSK9

4 LDL-C/LDLR/PCSK9
complex

Lysosome )\'P \

./ pcska/anti-pcske
I complex

Hepatocyte

™ aneall 3 LAY Yoo
o=la W lgle VDL J
LDL ¢S 23 g Jhal
negative Jexi juai
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Proprotein Convertase Subtilisin kexin type 9
inhibitors (PCSK9 Inhibitors)

The mms*rpout{()u\
e Actions: lower LDL-C levels (potent) 7

S5 e UL LD Js G o
° I «s  combination ge 4xke) o O
TherapelJtlc uses.. Further decrease in

1. in adjunct (combination) with statins in patients with??igh ASCVD risk

2. In adjunct to statins to treat familial hypercholesterolemia
Lt combination J! i Liled agaca LY

* Adverse effects: allergic reactions, respiratory tract infections
not sekre Q J&S mpfoclonal Zﬁw\\)\bﬁﬁsy
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Omega-3 Fatty Acids
Ls, 2 zup S \aue (o

* Polyunsaturated fatty acids
* Main actions: lower VLDL and

TGs synthesis in the liver way
TAG J 4l
* Dietary sources:

JTuna, Halibut and Salmon
Gy o 65

JAvocado
~ OIIK O(\ Gl e 3 Jay) a < (,pé e.m;ﬂ omega 3 ) e 4l S Jaa lie

supplement sl jba clia liad cla Jemy 2a S L (S




Omega-3 Fatty Acids

o shall ans) ¢y gy Juaid¥) slaia) Lasé

L‘L‘“:"\-":‘-‘L“—’dejl%
O3 gile aa2a) jaay iy

e o OMEGA-3 FATTY ACIDS

DHA & EPA Docosahexaenoic and eicosaenaeno:‘c

acids LOVAZA, various OTC preparations
»|EPA |lcosapent ethyl vascepa

w0

5 One problem with most supplements is that the@ight elevate LDL-C s/igf?lyj
in the_ @load,

J) blee cha Liad LDL JI (5.9 20 sl 5ol Led jai aga e paaly il 3
LDL J' 2 s W2 jcosapent ethyl



Omega-3 Fatty Acids

Icosapent ethyl
* Prescription product «ssiesesiesa
e Contains only eicosapentaenoic acid (EPA)

* Unlike other preparations—=> DOES NOT
elevate LDL-C

eicosapentaenoic acid (EPA)



Omega-3 Fatty Acids

Main therapeutic use of omega-3 Fatty Acids:

_~= fibrates Je)

In combination

Adjunct to other lipid-lowering therapies for individuals with high
triglycerides > 500 mg/dL
L>\)C‘r) \\'\3%

s¢8 &)l s Ll LDL J g\& ) mainly ages Js2# 6¥ CHD 3 risk J) sllss L
TAG J) Jk

*** omega-3 fatty acids can increase the risk of bleeding with
concomitant use of anticoagulants or antiplatelets

Have drug drug interaction with
warfarin and aspirin....
Decrease there
metabolism

( ‘ded'n\g \i\")\’ )



TYPE OF DRUG

HMG CoA reductase
inhibitors (statins)

Fibrates

Niacin

<V Summary

—

EFFECT ON
LDL

' +~H+Main effect
{

W

EFFECT ON EFFECT ON
HDL TRIGLYCERIDES

i i
*f‘f **vHMain effect

fH‘fMain effect 'H+

Bile acid sequestrants Main effect

w A 4
Can’t be \ Cholesterol absorption
used alone inhibitor + * +
Jary Y
Jbeffect  pCSK9 inhibitors NN ™~ N2

Se bl g€ Main effect
IDL J!
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