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Hyperlipidemias
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* 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 (T#g) === ¢ % ouee N A DL TAG
B

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

e Causes of Hyperlipidemias ? 3'°
] ~2LDL J/Jd& s HDL J bl pas)l) Haadll 56 exercise d) Y
- Lifestyle factors (lack of exercise, diet containing excess saturated fats or |2z2e
SMOKING).5, HDL U 0t 5 LDLAI %5 59 sl 5 ¢l s 1) diet) 3
. . T . . : : aill iiialls 4 o |21
- Aninherited defect in lipoprotein metabolism. [5P © 2 5 =mvn o T

100 160
LDL (mg/dL)

A combination of genetic and lifestyle factors. ©>7 ¥ e e spisadiidhis JE o

bad lifestyle s » 5 4xia JSUia g2ic

Hypothyroidism 1558 5 0% 40 0055 Sn sl 7100 sy ianll IS ¢ Ja 53 e
Diabetes /

idomia * nnvuarvv hoarvt dicoaeo . a

High LDL and low HDL
are both risk factors for
CHD.
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Why we need to treat hyperlipidemia ?

" The fat speaks :
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e s e 205 \With water, | say, Touch me not’s

Y s cell membran J) e lipophilic
I e AL 4ald & 58 0 5Y IS oL Ll fat (il

cell membrane To the tongue, | am tasteful; ..« o e
Within limits, | am dutiful; ~-sosssosianos
In excess, | am dangerous! " s s ss s

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 Blé vascular disease
2 eecl risk J JB Glie hyperlipidemia

2. Reducing risk of pancreatitis miniectormac s ss i
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Dmay 5 o Sl il (Sas bile acid J) 1A a3 JEL s LDL Jb ealy )y saie
pancreatitis
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Goal of treatment e
risk factor of cadiovascular disease olc soiai€— LSJ allay o )‘J‘ JS e

(550! il (r29250) waal) z3le 48k S sty W s risk factors e Ul

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

uSmdAMIAJ\u\)MIOJAU@u LPJQ&;J‘WJO%M
¢¥ 5l CHD Jrisk e jua e (O piX &
- LDL level at which to initiate
Risk categor g LDL goal (g2 2> 2% ) LDL level at which to consider)drug
K I;;abetes y Gaddll F;%aﬁw&l’éfu goal JI sl sy @ff,‘;?é = ‘”)
CHD or CHD risk equivalent (10-year risk >20 <100 mg/dL(2.60 . .
el > P S e — Q:Z 2100 mg/dL 2130 mg/dL (at 100 to 129 mg/dL, drug optional)
vk 3 CHO 2 Cat > T d&]: N-t £ 095V (P JRN Sl e Guorsy >
: : <130 mg/dL (335> , ~ inask 9 2 130 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 = #2130 mg/dL > E—
= (10 ;\QTRG—V‘WJ mmol/L) & 9 b percent
i 0555 160 mg/dL (4.156 ‘ .
0 to 1 risk factort ﬁ)r:kalbll ujTon N ﬂé_/:mwmol/j/ il 2160 mg/dL 2 190 mg/dL (at 160 to 189 mg/dL, LDL-lowering drug optional)
H;IM pakeint ol weed O 3-99,\L Ades 5
Olgs vbs! g6
LDL = low-density lipoprotein; CHD = coronary heart disease; HDL = high-density lipoprotein. }Rovu )

*—|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
(i.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 ) Gle 100 0 8l sy LDL JI s2ie JB) 528 coronary heart disease sxie 2l 5 Sia sy

Major Risk Factors That Modity 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 250 Cheup
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 B3R

Cigarette smoking oL 3 0 v R

sdie gadd die cuw hypertension J (See
Osall allai g 0kall =355 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) (568 piia jee o CHD pere s slal S i
CHD in female first-degree relative <65 years)

Negative risk factor _ ;vc ;< ) 020 L 54l Cal aa) 5 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
AN A NN NN

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 Chofesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel 1l1)
JAMA 2001;285:2487



Clinical notes

ACC/AHA 2013 Cardiovascular Risk Assessment

Input:

African American

White
Other (see notes)
Sex Female
Male
Tota »
lester L
HD!
)/dL
lestero
ystolic
Blood mmHg
Pressure
Hvoertension @ No
Med
Yes
Diabetes @ No
Yes

Smoker ® No

Yes

Results:

Ten Year
Risk -

Decimal Precision:| 2
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( Statins )

HMG CoA Reductase Inhibitors

HMWG CoA REDUCTASE INHIBITORS

(STATINS)
Most potent and »
longer plasma . Atorvastatin L iPITOR
half-life Fluvastatin | Escol
Lovastatin v EVACOR
H"‘V;:‘ hlgie.fifacy Pitavastatin | VALO
p s 0 ja addaaln

Pravastatin PRAVACHOL
Rosuvastatin CRESTOR
Simvastatin 70COR HMG RESPUTASE INHIBITOR

gc]inically alezing a5 SIS
450¥) L 2225 U e el adverse effects J) v g

aniial Glie 5 Al il Sl il o)
HMG coA s 5 precursors J zlisy
mevalonic acid J ,a YL J st )
HMG reductase sem! a3 &1k e
de saan )V HMG coA J) Jsapad

< mevalonic acid J! Jea ¥ LS 0
cholesterol J J s~

J' s» HMG reductase J Sl
zWY (b sa rate limiting step
Ll inhibition stile 18 J 5 il &SI
sl ¢ U pathway J) JS < 5 cla
ASIL J g i SN



Statins
HMG CoA Reductase Inhibitors

Mechanism of action Reduction in cholesterol plasma
Inhibition of 3-Hydroxy-3- Ievelif}[}:%mdwﬁ@ %
Q ethylglutaryl coenzyme A ) Mﬂﬁﬁ L yég@.’dgﬂ
HMG) CoA reductase s Al iy
T s Jay

__ - (de novo cholesterol synthesis) Increased LDL-C internalization

oty s

! 1

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

Ddia Lo JUIL TAG 5 Jssiend S glaling I VIDL J) giss liver J) s WiSa Uial cula
LDL J) cusy e J g il € o 590 juay Sl UL cholesterol (e 53Y 4aial
Gl Lol 5 palh W LDL J e iy (B0 agiDliine 3 58 J g ytonl S agie 2L olie
S LDL J 4l sai <l VDL J) g



Statins
HMG CoA Reductase Inhibitors

Increased number

BLOGR of LDL receptors
promotes uptake
LDL of LDL from blood.
LDL receptor

\

Low intracellular
cholesterol
stimulates the
synthesis of LDL
receptors,

Cholesterol
A
1
1
A
|
Mevalonic acid Low intracellular
A cholesterol decreases

the secretion of YLDL.

I
CoA <,| > 2NADPH+2H*

Y
ENDOPLASMIC RETICULUM ie<'"""""' HMG CoA reductase inhibitors

Statins inhibit HMG CoA reductase, i

leading to a decreased concentration | T 2NADPH
of cholesterol within the cell.
] ) HMGCOA g — Acetate




Statins
HMG CoA Reductase Inhibitors

Sl o il

J LDL-C....s

Bad cholesterol :nH‘QB
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Statins
HMG CoA Reductase Inhibitors

] NG SN ey <\ Therapeutic uses

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

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

Prug drug interaction

Pharmacokinetics
All statins metabolized by cytochrome p450(CY%4§O)|n 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 sy —S> liver function test dae) Jual 0 3¥ g\;lirre
Liver disease results in accumulation of statins —
it is highly metabolize by the liver 5¥ statins J S| i 2SI JSLie gaie (ad i) 4l
 Myopathy and rhabdomyolysis — -5 wie- 2n v s
y‘i’)&dl-.’ ol )yso weakness of muscles QMYJ‘ JAX J).-.mﬂg,sﬂiﬁdsé (€ hetkin) v §
* Drug-drug interaction e.g., warfarin ™ ..o oro :&5
(&2:3) low therapeutic index s 5Y Q) agre Jhacl & siasd sillions i warfarin M@yg&%”;}’ﬁg o
<. \y* Contraindicated in pregnancy, lactation and e Jmdon
tisg  active liver disease ©°"¢ P eretosene 5 can affect e
levelopment

ol b‘*&i"

Contraindicated
in pregnancy




Niacin meR L\ ool
3 P s (B tes 00 N .

I eSS Say ipolysis J) g
LS~ ¢ adipose tissue Jb lipid
S ealia) Lld TAG & 003 (2
M A VLDL gl (lie

Jb lipolysis e Jwa ) TAG
' TAG J ,=S) dusy adipose
FF J ¢l 25 5 glycerol s FF

TAG J) sl Lgariins (i <1 J
s hdis niacin Jé VLDL J I— D L_C
adipose Ju TAG J) &SI siad aglaall

J&0 2
Mainl work on
piay A8 Al Jhas g tissue 10-20% Z N
3Ly s LDL J) <llé Wb VDL statins JI (s Sy J8) ¢S]

v P HDL-C

- 0
20 35 A) L Most effective agent for increasing HDL-C)
\QO/\% (% D vis 5 (LD L N5 Movmad BDL ouc o€ call Ll X
Stabin s 4+ Niacin Cabed R
L
L DL R UDL
L

& ppledion



Niacin

The statins are first line for everything b2 @5l oy YL Gesistank oLl @V

But niacin is specific for these conditions Th era pe Ut IC Uses / protecive Wect

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 g0y Y

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

0da g A e

e.g., hiacin + simvastatin



Niacin

Adverse effects nPlonralion
/? y -l | EL_S-'? . ﬁ\ Loy salalls Ala
* Intense cutaneous flush + warmth/pruritis = 55502l
55\'\wer 3 &5‘\)(’—1 o . o J) oyl NSAID;LMGCM\%U#EJMM
st noo o Hepatotoxicity/chemical hepatitis inflammation
| . . L> ;nf@maﬁan in the
&> &= s Nausea, abdominal pain o

J e Jan s aidlsiue le davi p Cusy tubular excretion J) Gab O s palis yric acid J)

* Hyperuricemia/gout «o e s et o (s niacin Js i urine J el 5 lumen of kidney

gout J ot U hyperuricemia dexy 5 awalls uric acid J) aS) yis

e Contraindicated in liver disease and
active peptic ulcer

acidity J 23 $Y
sazall da 8 3 s UL



Fibrates

FIBRATES

Gemfibrozif oPID
Fenofibrate TRICOR. LOFIBRA, TRIGLIDE




e o3 b g Cumy DNA JH sk o 31l () st oy (lie ola
DNA JL transcription J) ey adally &bt
5o gall di\dé\@ﬂ\é%&;ﬁg&\.ﬁfﬁpb)\.}; fibrate J&
. s sl ey s Wl & i e lagad s ppAR senl e 830 llia
F I b ra te S fibrate J! aeale Lagi 5 Llé transcriptions J) s s SOkl
J) 538 5 target genes JI e O3Eaall Jgaa a9 s
S el saie =i AYL s RNA JI el 5 adll transcription

oS sally
' ' Fibrate

Mechanism of action

(Activators of (peroxisome

proliferator-activated

receptors), especially{PPARa

4

W\ Target genes |
e
-
Increase the expression of ~> gl metabolsm g« gt 5
- lipoprotein lipase e, —7 2T
A LpL s ~
+
« ¢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 4 adipose Ju <
Chylomicron J's VLDL Ju W TAG J) S
L 33 FF JSG e adipose ) (e Ledsd

2 a5 el expression J) u ) Wl Ll

J) &= Chylomicron J! s VLDL J) 4jbads
Os¢d adipose Jb as FF 3% deas 5 TAG
S fibrates J& TAG J) (= B U mainly
TAGJ JA&5 s o slany

) | TG

Chylomicron

Chylomicron
remnants \/\,1://

Lipoprotein
\ lipase
=1

Tissues,
{fore.g,
ADIPOSE)

Gemfibrozil
ra) |
da 24

Free fatty
acids

) S0 o
L Lally acd 3!
P TO D
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Fibrates

ma}@

In high effect

\L TG In moderate effect
. .. THDLC

Y5 ¥ )
In weak effect TAG 3¢ ')}

\l/ LDL-C UL éﬁa} ljxDL/ VLD
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Fibrates

Therapeutic uses

Onlyffor ~>

Treatment of hypertriglyceridemia ( 1} TAG)

LDL JV Ji& 558 (e Y

s as a combination 4xhae! (Sas
530 ) LDL J) 330 ) an sdie (ol
TAG Ju s



Fibrates

S saall ey olie gallbladder J o allay bile acid J) 53 Lisa
Jban 33 a5 Jyied U (e 2SN 5 Az N bile J) o 5 GT b
Adve rse effe Cts s le (e 2SN juans Fibrates b TAG J) B g8 oSl gallbladder

5 0 Senl J LEGIWY, Y J sy s8I IS0 = 9 0 (s
« Mild Gl disturbance (most common) =00 S5 a T TSuns

. T gskes . SV ol yally s s 580 G0 53 (55 s e Ll A8 s ol yally
* Increased risk of gallstone formation . s su v pile du o maen g sz ey
. Gk 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 Fiofates with hakmes

( so _oThe use of Gemfibrozil is CONTRAINDICATED with simvastatin—

. h lvsi hy Jex in J ¢ I g iS)ala g3
(OI‘ Other Stat|n5). rhabdomyolysis and myopathy statin J) (e 2l 5 S

olt is CONTRAINDICATED in hepatic or renal insufficiency

_ ] Liver 3> mhaboalism q’J:P‘??"@ (» excrekiow by th Kidny
oDrug-drug interaction e.g., warfarin

Wy mdvosST odyd




Bile acid sequestrants

bile acids sk 5 Galed gl s

J sy <1
Cchglegteral

BILE ACID SEQUESTRANTS

Colesevelam WELCHOL
Colestipof COLESTID
The most common ~>CHIOf@Styramine QUESTRAN, PREVALITE



Vile acid * Chargad i Swall inteStine

gec{/ueslrrawrs@ bile add © B|Ie aC|d Seq uestra nts ( 5" il sz V)

A
Y A
ms::lubti O wPM oy
: 2450 Jord )l 0
Yon . . . :
Mechanies.ﬁeof action Depletion of intracellular G
L —— Jwb ’*c%@ &8 slo cholesterol # \
Bind negatively-charged bile t  hepatic uptake
acids and salts in the small of cholestero| . o
Intestines ™ hepatocyte conversion of leadine to o
cholesterol to bile acids 5
l t J plasma LDL-C
—— T

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



Untreated hyperlipidemic

patient

Liver

Hyperlipidemic patient treated
with bile acid-binding resins

3 sall aal) o) & AN 5 alSha &
lipid soluble (& ¢ saall 4l)
KEDA 4% 520 A 5 vitamins
asaal 1 vit ) Jsos e aals S

that are secreted into the

Most of the bile acids and salts
intestine are reabsorbed.

bile acid J) leass Ll Y1 elaaWU & aiiy e oy saal) 5l LS
3R ol 5 slaa¥) g 45t 5 280 | gaivmy I
bileaCidd\J)Mﬂ\wmumﬂ\j}@gﬂ\?@d\
s el BIAT 4 saal) abiatdh aebuy 5 claa¥l g adlay ~
puall Ja as s o) bile acid J) 2 s b s Lpans
ml 100 281 (e lla ol o did T jiy Le g (el () g e
b s ¢ 3o Jadd iy aSll ¢ 97m] pabaial g aa 7
il |y

(\‘/Tﬁ@«P\p'w‘

adverse Jexs agaliaial (ali g 4ima
supplements e » 3N effects s

Insoluble
a complex

Cholestyramine, colestipol, or

colesevelam form ﬂn insqlublz_

complex with th&bfle idYand®”

sAlks, preventing theireedd sokptidh
- froh the intestine.

AL 9204 Jad SN o
Sy «— ble sl

Gixia Aa elaa¥ 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 (LS aiea MUl acid
@ bile acid ) J8 53 S&y juay Jamy 5 2SI
32wy gy g e A Js i SIS G
gy Jpar 5 43 338 [DL J) e J e SN
S J8 A aa ) as e oaldll g 5 aallay s bile
(2 ol ge

/ oL in tieed / fcholessesal [ T HDL) 00



Cholesterol Absorption Inhibitors

W

CHOLESTEROL ABSORPTION

INHIBITOR

Ezetimibe ZETIA

W Caldlac &\5@&@4—&9 oL/ L’z\»
v
Al 0L S B oL ¥E

R AU W RER P

Nown caVdiac  disamse (_Pu\r\c(ezl*(‘c diseale) —p Q‘@ %



Cholesterol Absorption Inhibitors

oradion 31y dWl o L avked

.:.<, * Mechanism of action: Ezetimibe selectively inhibits absorption of
S oo¢dietary and biliary cholesterol =—=> i cfeksterl

Ol 2SI bile ) g gn Gl s sined 5S1 &2 e ss op

w2 * Actions: Ezetimibe lowers LDL-C by 18-23% @ggggg)

C\ Qo L28 (&»

... Therapeutic uses:: in adjunct (combination) with statins in patients

Yoist with high ASCVD risk / feiiel Hyrercieteercion . Jis 4 combination JI 3
iui\HEi = statins J! ,iS il L patient J) 1)
«omvinion ® Adverse effects: uncommon Jee) W Gy high ASCVD risk st patient J) Ja s

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

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



Proprotein Convertase Subtilisin kexin type 9
inhibitors (PCSK9 Igbv@\tgfg)

Alirocumab _ ..
Fvolocumab =~ 7



Proprotein Convertase Subtilisin kexin type 9
inhibitors (PCSK9 Inhibitors)

mL\)\QLb’\ 0 \nhi bilion O\Léi &L

sne 2 PCSK9
OF . . a5 a1 BY) Al iy 2K
is a hepatic enzyme ) e Ty 753 Y

. a2 5 LDL receptors
3 binds to LDL receptors ’
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Proprotein Convertase Subtilisin kexin type 9
inhibitors (PCSK9 Inhibitors)
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Proprotein Convertase Subtilisin kexin type 9
inhibitors (PCSK9 Inhibitors)
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Omega-3 Fatty Acids
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OMEGA-3 FAITY ACIDS

Docosahexaenoic and eicosapentaenoic

acids LOVAZA, various OTC preparations
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Omega-3 Fatty Acids

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

* Unlike other preparations—=> DOES NOT
elevate LDL-C
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Omega-3 Fatty Acids
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Main therapeutic use of omega-3 Fatty Acids:
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In combination

Adjunct to other lipid-lowering therapies for individuals with high )
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*** 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
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TYPE OF DRUG

HMG CoA reductase
inhibitors (statins)

Fibrates

Niacin
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