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“ LIPOPROTEIN
1. Free fatty acids
2. Triglycerides
Lipid particle 0l = S& X2 0] ZLC}. 3. Cholesterol
Phospholipids
WV 1. Phosphatidylcholine
2. Sphingomyelin
Apoprotein
Apo A, B, C, and, E etc.
“ Chylomicron “
LDL
HDL
v’ N v % * S
Cl @u
Triglyceride | 88 % 56 % 32% 9 67% 3 :sg et i
Cholesterol | 3% 17% 41% 59% [ _4;)}5[9% Chylomicron OO Tissue
esteritication
Phospholipid Remnants
AN
Apoprotein  apo B48 B48 ApoE | \\
B100 B100 B100 N
ALILIV ~ HDL
apo C-II C-11 LIVER
apo E E E
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“VLDL - IDL - LDL

OP Tissue OP Tissue

LDLR
LPL
HL

ApoB4s ApoB4BI100 LDL ‘Apo B100 What |S hyper-TG ?

Apo C-lI

Hypertriglyceridemia—An Independent
Risk Factor for CHD: PROCAM Study

150 1 Events/

g 132
1,000in 8 .
in8yr Normal LDL-C levels High LDL-C levels

100 e
[ Family histody of CHD 7 | | Family histody of CHD (+) |
| apoE genotype ? |
50 4 Familial combined hyperlipidaemia ****
- probably polygenic, 0.5% of the general population
Family Hx (_) Family Hx (+) -combined with many environmental factors
No apoE2/2 \—‘apOEZ/Z Familial Hypercholesterolemia (Ilb) ***
04 - LDLR defect, 0.5 % of the general population
<200 200-399 400-799 >800
(157/3,593) (84/903) (14/106) (3137)
Familial Type Il hyperlipoproteinemia ***
TG (mgld L) hyperTGemia (familial dysbetalipoproteinemia)
Assmann G et al. Am J Cardiol. 1992;70:733-737.
“ Lipid battery «

Total Free fatty acids
Clllesiasl Cholesterol in VLDL, IDL, and LDL | Apo B (esp. 100)

Cholesterol ester in HDL

What is lipid battery ? Tgyeerides | L1

HDLc Cholesterol ester

J

Friedewald formula
LDL¢=TC - TG/5 - HDLc
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I

I

TC LDLc TG
I normal to dec I
I I normal
I

Behind the curtain

Metabolic syndrome
& Small dense LDL

MS; NCEP-ATP III, 2001

Clinical identification (=3 risk determinants)

Risk Factor Definition Level
Waist circumference

Men (cm) > 102 (90)

Women (cm) > 88 (80)
Triglyceride (mg/dL) =150
HDL-C

Men (mg/dL) < 40

Women (mg/dL) < 50
Blood pressure (mmHg) 2130/ 285
Fasting glucose (mg/dL) =110

JAMA 285:2486, 2001

Metabolic Syndrome
IDF Consensus

Plus any 2 of :
High TG
Low HDLc
High BP
High FBS (or pre-existing DM)

MS-SD LDL relation

HDL 50
LDL 130

.

Same amount of LDL, Different number of particles

TC
TG

210
250
HDL 30
LDL 130

.

More
“small dense LDL”

LDL Particle Size and Apolipoprotein B Predict Ischemic
Heart Disease:
Quebec Cardiovascular Study

6
6.2

(p<0.001)

= N W A~ U

>25.64

<25.64
LDL Peak Particle Diameter (nm)
Lamarche B et al. Circulation 1997;95:69-75.
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Relations of total LDL particle number and LDL cholesterol
value to the Triglyceride level
2000 ——— LDL Particles 180
......... LDL Cholesterol
< 1800 5
g 160 S
E E
p 3 5 - .
£ 1600 8 Guidelines for Controlling TG
=1 [0
c 140 °
S 1400 3
4 3
ol
9 1200 120
1000 100
0 100 200 300 400
Triglyceride (mg/dl) Circulation. 113:20-29, 2006
ATP Ill New Features of ATP IlI
Lipid and Lipoprotein Classification
. . For patients with triglycerides 200-500 mg/dL
Serum Triglycerides HDL Cholesterol — LDL cholesterol: primary target of therapy
« Normal <150 Low <40 — Non-HDL cholesterol: secondary target of therapy
. i i — i >|
Bf)rderllne high 190492 High! =60 Non HDL-C = total cholesterol — HDL cholesterol
* High 200-499 = VLDL-C + IDL-C +LDL-C
* Very high >500

* Therapeutic approaches to elevated non-HDL cholesterol
— Intensify therapeutic lifestyle changes
— Intensify LDL-lowering drug therapy
— Nicotinic acid or fibrate therapy to lower VLDL

NonHDL Cholesterol

High TG

Normal TG

LDL-C

LDL-C

Treatment of Mixed Hyperlipidemia

STEP | 1 ), Achieve the LDL-C goal

Achieve the non-HDL-C goal
Increase LDL-C lowering or
Add a fibrate, niacin or fish oils

STEP | 2

Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults. JAMA 2001,285:2486-2497.
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Adult Treatment Panel 11l (2004 Update)

10 Y CHD RiIsk LDL-C nonHDL-C
(mg/dL) (mg/dL)
Very High Risk* >20% <70 (optional) <100
High Risk* >20% <100 <130
Moderately High Risk 10-20% <130 <160
Moderate Risk <10% <130 <160
Lower risk <10% <160 <190

* CHD or CHD risk equivalents

Grundy et al. Circulation 2004; 110; 227-39

DA - “ big blow “

“ CHD “ or “ CHD equivalents “

« 2 &IE CHD

¢ JA0| U= JIEtE 2R E

(symptomatic carotid disease, aortic aneurysm,
peripheral arterial disease)

Gk

- 22 At (10yr risk 20 % 01 4f)

CHD ; coronary heart disease

DR -« I R R0l "

azasel F

(LDL Cholesterol ==X

cNE

(= 140/90 mmHg <=
+ 22 HDL cholesterol =~X|
(< 40 mg/dL)¥
 AEEO IIEY
(CHD in male first-degree relative < 55 years
; CHD in female first-degree relative < 65 years)

*@ & = coronary heart disease (CHD) risk equivalent £ S&I.
+HDL cholesterol > 60 mg/dL 0|2 GtLIS i =.

ATP-lll update (2004)
Modified LDL Goal ; absolute LDL-C levels

¢ High risk patients ;
<100 mg/dl as a ‘minimal’ goal with ‘standard’ statin dose

e “Very” high risk patients ;
<70 mg/dl is favored (and CRP <2 mg/L)

- very high ; CVD with
1. multiple RFs (esp. DM)
2. poorly controlled RFs (esp. smoking)
3. multiple factors of the Metabolic syndrome

(high TG 2 200 plus nonHDL-C 2 130 with low HDL-C < 40)
4. with ACS

Management of High TG

Intensify therapeutic lifestyle changes

Treat secondary causes

Intensify LDL-lowering drug therapy

Nicotinic acid or fibrate therapy to lower VLDL

Non-Drug Management for
Lowering TG
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Hypertriglyceridemia

- environmental causes

Obesity and overweight
Physical inactivity
Cigarette smoking
Excess alcohol intake
High carbohydrate diets

Several diseases
— type 2 diabetes, chronic renal failure
— nephrotic syndrome

Hypertriglyceridemia

- latrogenic

+ Atypical anti-psychotics
» Beta blockers
» Thiazides

» Estrogen (in higher dose oral contraceptives and
unopposed oral estrogen)

* Glucocorticoids

* Immunosuppressants
* Isotretinoin

» Protease inhibitors

» Tamoxifen

Alcohol

Daily intake: <1 drink/d for women and <2
drinks/d for men

To avoid hypoglycemia consume with food
* Raises TG and blood pressure
Contributes to obesity

Dietary Fiber
Foods Rich in Soluble Fiber

Fruits: Vegetables: Beans:

Apricots Green peas Chickpeas

Cantaloupe gvlflget potato Lima beans

Cherries h Navy beans
p Winter squash .

Grapefruit Zucchiniq Split peas

Orange

Papaya Cereal:

Peaches

Plums Granola

Prunes Oat Bran

Raisins Oatmeal

Dietary recommendations

for TLC

Table 6. Nutrient Composition of the Therapeutic Lifestyle Changes (TLC) Diet

Nutrient

Recommended Intake

Saturated fat

<7% of total calories

Polyunsaturated fat

Up to 10% of total calories

Monounsaturated fat

Up to 20% of total calories

Total fat 25%-35% of total calories
Carbohydratet 50%-60% of total calories

Fiber 20-30 g/d

Protein Approximately 15% of total calories
Cholesterol <200 mg/d

Total caloriest

Balance energy intake and expenditure to maintain
desirable body weight/prevent weight gain

Trans fatty acids are another LDL-raising fat that should be kept at a low intake.
tCarbohydrates should be derived predominantly from foods rich in complex carbohydrates including grains, espe-
cially whole grains, fruits, and vegetables.
tDaily energy expenditure should include at least moderate physical activity (contributing approximately 200 kcal'd).

Dietary Fats

 Saturated
— Short. Medium, Long chain

¢ Mono-unsaturated

= — cis, trans

* Poly-unsaturated
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Saturated Fats

* Long chain saturates except stearic
acid [18:0] raise LDL cholesterol

* Main sources: Ghee, Butter, Palm Oil

* Medium chain saturates also raise
LDL cholesterol

* Main sources: Coconut oil

Trans-Monounsaturated Fats

» Trans fatty acids like elaidic acid (18:1
trans) raise LDL cholesterol and lower
HDL cholesterol

* Main sources: Hydrogenated fats
—Margarines, Shortenings, Frying oils
 Butter, milk fat (traces)

cis-Monounsaturated vs.
Polyunsaturated fats

* Both reduce LDL cholesterol equally

* High intakes of n-6 polyunsaturated
fats may reduce HDL cholesterol

Sources of cis-monounsaturated Fats

' Mustard oil
contains
erucic acid
(C20:1)

: Canola Oil
contains
oleic acid
(C18:1)

N-3 polyunsaturated Fats

» N-3 Fatty acids (EPA (20:5)/DHA (22:6)
from fish oils) lower triglycerides
* Main sources: Fish

» Sources of a-linolenic acid (18:3):
Vegetables, Flaxseed oil (No TG reduction)
May raise LDL cholesterol

+ Can adversely affect glycemia

Secondary dyslipidaemia
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Antihypertensives
- thiazides

TC & TG (VLDL & LDL) up, no HDL change

maybe related to glucose intolerance

especially in obese males and postmenopausal women
- beta blockers

especially in beta blockers without ISA

TG up (15-30%), and HDL down (6-8%)

maybe due to decreased LPL activity

Immunosupressives

- corticosteroids
impaired glucose tolerance & insulin resistence
maybe VLDL synthesis up, too
TG up and HDL down

Hormonal Influences
Pregnancy
-TC, TG (VLDL & LDL) and HDL mildly up d/t physiologic change

Estrogen
- VLDL and LDL up in premenopausal women
- HDL up, LDL down in postmenopausal women
- could be useful as a primary prevention
on hyperlipidaemic postmenopausal women ?

Hypothyroidism

- usually Type lla, llb type d/t decreased LDL catabolism

- TFT (T4 and TSH) should be regarded in hyperlipidaemic patients
whose lipid profiles do not respond to therapy

Diabetes Mellitus (NIDDM)

- Type IV most common d/t VLDL production up
(may combine the decreased LPL activity)

- usually LDL is normal d/t decreased LPL activity

- usually HDL is down d/t decreased LPL activity

Obesity
- insulin resistence
- mimic the situations of NIDDM

Others
Nephrotic syndrome - usu. type Il
CREF - usu. type IV and HDL down
Alcohol - usu. type IV or V

TG lowering drugs
except omega-3 FA

Fibrates activate PPARa

Fat Cells Liver
N FFA p l CE I
TG @ (hepatic
A Apo B lipase)
A VLDL

Apo A-1

TG
@TG l

(lipoprotein or hepatic lipase)

CE

?

Insulin

Kidney

%

VA-HIT: Fibrate decreases CVD Events
in CHD Patients With Isolated Low HDL-C

*

10 4 ~6 Nonfatal
MI/CHD CHD All-cause
0 TG death death Stroke mortality
LDL HDL
-10
-20 Subjects: 2,531 men
Age: ~74 (avg 64) yr
30 Baseline LDL-C: 111 mg/dL

Baseline HDL-C: 32 mg/dL
Baseline TG: 161 mg/dL

Duration: 7 yr

Intervention: Gemfibrozil 600 mg bid
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Physiologic effect
TG |: 40%
HDL 1: 10%

LDL ZA & 3= Mot

Use
Gemfibrozil (Lopid®) 600 mg, A& 30, 1~2 3|, 0L
Fenofibrate (Lipidil®) 200 mg, 2= SAl 13, L

Toxicity
Myopathy, Zt7|S0[L} A17|5 O &A| F7|
cholesterol gall stone (biliary tract dzA| 27()

Fibrate-Statin combination

* Increase in LDL level after fibrate tx.
- mainly due to increase in lipolysis by LPL

Gemfibrozil — No
Fenofibrate — Yes (pending ACCORD study)

Niacin

X
N

“Among lipid-lowering agents, nicotinic acid appears
to be the most effective for favorably modifying all of
the lipoprotein abnormalities associated with
atherogenic dyslipidemia.”

(National Cholesterol Education Program Adult Treatment Panel IlI

Report) Expert Panel on the D i ion, and Ti of
High Blood CI in Adults. Cir ion. 2002;106:3143

Mechanism of Action of Niacin
on Lipoprotein Metabolism

[ Niacin |
l l HDL receptor

1 Adipose tissue 1 FA synthesis/ { HDL-catabolism
FA ilizati esterification receptor

/
v

‘ ¥ Large TG ncn ¢Assembly opro B containing I 1 HDL Apo A-l
0B |
lipop g p

[{ Small dense LDL | [{vipL, LoL | 1 Apo Al reverse
cholesterol transport

Adapted from Kamanna VS, Kashyap ML
Curr Atheroscler Rep. 2000;2:36-46

Niacin Metabolism

o}
cOH
-
<
Pathway 1 N Pathway 2
(Flushing) | (Hepatotoxicity)
NUA l l NAM 1 l
NAM - mcotnamis 6HN  NNO MNA NAD—»

6HN = 6-hydroxy nicotinamide

NNO = nicotinamide-N-oxide

MNA = N-methylnicotinamide

NAD = nicotinamide adenine dinucleotide

2PY = N-methyl-2-pyridone-6-carboxamide 2PY 4PY
4PY = N-methyl-4-pyridone-5-carboxamide

Piepho RW. Am J Cardiol. 2000;86(suppl):35L

Efficacy of Niaspan™

40 - :
= { 30 29
g %- 4 HDL-C
g 2- '
E 10 - | greater than recom-
© : mended daily doses
m - i
T

§ -t0- : 3 i6

- -l -5
i s 12 A7 . -22 -21
g 20- -14 25 LDL-C
& -30- -21 ' 26 LP@)
5 by -30

- 3 )
40 : ¥
-50 - T T T T T T

500 1000 1500 2000 2500 3000

Daily dose of Niaspan™ (mg)
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L] L] L]
Niacin and Cardiovascular Protection: Slde EffeCts Of Niacin
Secondary Prevention Studies
Study Treatment(s) D(::trits))n Efficacy results Skin Flushing, dry skin, pruritus
Coronary Druqz Nicotinic acid 5 Non fatal MI ¥ 27% Eyes Conjunctivitis, cystoid macular edema, retinal
Project (CDP)™ Stroke/TIA ¥ 24% detachment
15 Total mortality ¥ 11% Respiratory Nasal stuffiness
T
Stockholm Nicotinic acid 5 Total mortality W 26% tract
Ischemic + CHD mortality ¥ 36% Heart Supraventricular arrhythmias
gtejj';[z:f_les)sae clofibrate Gl tract Heartburn, loose bowel movements or diarrhea
HDL | Nicotinic acid + 3 CHD mortality/Non fatal MI or Liver Mild increase in serum aminotransferases,
Atherosclerosis | simvastatin revascularization procedure ¥ hepatitis
Treatment + antioxidant 60% to 90% iti
Study (HATS*) | vitamins, Muscles Myositis
vs placebo
1. The CDP Research Group. JAMA. 1975;231:360 2. Canner PL et al, for the CDP Research Metabolic Hyperglycemia, increase of uric acid
Group. J Am Coll system
Cardiol. 1986;8:1245 3. Carlson LA, Rosenhamer G. Acta Med Scand. 1988;223:405
4. Brown BG et al. New Engl J Med. 2001;345:1583

Myth ; Omega-3 Fatty Acids

TG lowering drugs ;
omega-3 FA

Hugh Macdonald Sinclair (1910-1990)

Eskimo <<< Inuit
‘ the people

Seal oil ; 8-9 grams/day

S
Tiee "////rr,

Fish Oil

His self-experimentation, including the
infamous 100 day seal-meat diet, were
the subject of widespread ridicule and

Photo taken in 1907 professional ruin.
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omega-3 fatty acids

marine-derived ;
eicosapentaenoic acid, C20:5n-3 [EPA]
docosahexaenoic acid,C22:6n-3 [DHA].

plant-derived ;
alpha-linolenic acid, C18:3n-3

Omega-3 Ethyl Esters (Omacor®) FA Composition

Omega-3 fatty acid-derived prescription pharmaceutical product

H EPA 465 mg
O DHA 375 mg
O Other n-32= 60 mg
En-6 <80 mg

En-78&9 <10 mg

O Other ~10 mg (a-Tocophrol)

Source: FDA www.fda.gov/cder/foi/label/2004/326541bl.pdf

2 90%

Omega-3

Marine omega-3 fatty acids

+ Diet And Reinfarction Trial (DART)

- a 29% reduction in all-cause mortality over a 2-year period in male Ml survivors
advised to increase their intake of oily fish (200 to 400 g of fatty fish per week, which
provided an additional 500 to 800 mg/d of omega-3 fatty acids).

* GISSI-Prevention Study

- 11,324 patients with preexisting CHD, 3.5 years of follow-up

- either 300 mg of vitamin E, 850 mg of omega-3 fatty acid ethyl esters (as EPA and
DHA), both, or neither

- a 15% reduction in the primary end point of death, nonfatal MI, and nonfatal stroke
(P<0.02), a 20% reduction in all-cause mortality (P=0.01) and a 45% reduction in
sudden death (P<0.001) compared with the control group; vitamin E provided no
additional benefit.

GISSI-Prevention Study ;
Effects on lipid profile

Total Cholesterol

LDL Cholesterol
ot 155
150
g —_— - 145 E
§2vs - § 140
210 135 :
205 —-—n-3 130 —.—n3
--- Control -~ Contral
200 = 125 +—
o 8 12 18 30 42 0 & 12 18 30 42
Months Montha
HDL Cholestarol Triglycerides
50
43
46 a3
Su
42 —=-n3
.y -+~ Control
38 -
0 6 12 18 30 42 0 6 12 18 30 42
Months Months

GISSI-Prevention Study ;
outcome

A Total Mortality B Sudden Death
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Survival curves diverged early after randomization. Total mortality was significantly lowered after 3
months of treatment (RR=0.59), and by 4 months, risk of sudden death was reduced (RR=0.47)

GISSI-Prevenzione Results

Outcome Control (%) Omega 3 (%) RRR (%) P
Death, MI, Stroke 14.8 126 16 0.02
CV Death, MI Stroke 1.7 9.4 20 0.006
Death 10.6 8.4 21 0.006
CV Death 72 5.1 30 <0.001
Cardiac Death 6.1 4.0 35 <0.001
Coronary Death 5.2 36 32 <0.01
Sudden Death 3.3 1.8 44 <0.001
Nonfatal CV Events 4.9 4.9 2 NS

Lancet 1999;354:447-455; Eur Heart J Suppl 2001;3(Suppl D):D85-D97; Circulation 2002;105:1897-1903
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JELIS study

19466 patients

821 did not meet inclusion
citeria
805 refused to give consent
16 other reasons

18645 randomly assigned

| 9319 controls | | 9326 EPA treatment I

791 discontinued observation
98 lost to follow-up
273 withdrew consent
420 other reasons.

883 discontinued observation
99 lost to follow-up

361 withdrew consent

423 other reasons.

9319 analysed by intention- ’-— -

to-treat

9326 analysed by intention- gt
to-treat

Yokoyama et al, Lancet 2007, 369:1090

Baseline characteristics .
Control group EPA group
n=9,319 n=9,326
Average age (yr) 61+9 61+9
Male (%) 2,908 (31) 2,951 (32)
Smoker (%) 1,700 (18) 1,830 (20)
BMI (kg/m?) 24+3 24+3
Diabetes (%) 1,524 (16) 1,516 (16)
Hypertension (%) 3,282 (35) 3,329 (36)
Coronary artery disease (%) 1,841 (20) 1,823 (20)
Total cholesterol (mg/dl) 275+ 26 275+ 26
LDL-cholesterol (mg/dl) 182+ 29 181+ 30

#0010

Kaplan-Meier estimates of major coronary events

3 Control

Cumulative Incidence of Major
Coronary Events (%)
)

Hazard ratio :0.81 (0.69 - 0.95)

JELIS

Major coronary events incidence

No. of events (%)

Control EPA
N=9,319 N=9,326

P value Hazard ratio ( 95%Cl )

Major coronary events 324 (3.5) 262 (2.8) 0.011 0.81 (0.69-0.95)

Sudden cardiac death 17 (0.2) 18 (0.2) 0.854 1.06 (0.55-2.07)
Fatal MI 14(0.2) 11(0.1) 0.557 0.79 (0.36-1.74)
Nonfatal MI 83(0.9) 62(0.7) 0.086 0.75 (0.54-1.04)

Unstable angina 193 (2.1) 147 (1.6) 0.014 0.76 (0.62-0.95)

P =0.011
0
No at Risk 0 1 2 3 4 5 Years CABG or PTCA 222 (2.4) 191 (2.1) 0.135 0.86 (0.71-1.05)
Control 9,319 8,931 8,671 8,433 8,192 7,958
EPA 9,326 8,929 8,658 8,389 8,153 7,924
1%
Combined endpoints Plasma Eicosapentaenoic acid /Arachidonic acid ratio
No. of events (%) 20
Control EPA Pvalue Hazard ratio ( 95%Cl) == EPA Group
N=9,319 N=9,326 ={J= Control Group
15 F
Major coronary events 324 (3.5) 262(2.8) 0.011 0.81 (0.69 -0.95) %
Coronary death 31(0.3) 29(0.3) 0.812 0.94 (0.57 - 1.56) <
<
Coronary deathor Ml 113 (1.2) 88(0.9) 0.083 0.78 (0.59 - 1.03) N
0.5
Fatal Ml or nonfatal Mi 93(1.0) 71(0.8) 0.091 0.77 (0.56 - 1.05)
Nonfatal coronary 0.0 . . " . 2 ;
297 (3.2) 240(2.6) 0.015 0.81 (0.68 —0.96) -
events 0 1 2 3 4 5
Y
All-cause death 265(2.8) 286 (3.1) 0.333 1.09 (0.92 —1.28) Sample Number ears
Control 8,321 6,967 6,326 5,875 5,386 4,970
X Coronary death = Sudden cardiac death or fatal Ml EPA 8,076 6,772 6,114 5,668 5,196 4,854
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ADVERSE EXPERIENCE St Lyon Diet Heart Study: Cumulative Survival Without Cardiac
Death and Nonfatal Mi
Control EPA P value
100 -
Total number of Incident (%) 2,004 (21.7%) 2,334 (25.3%) <0.0001 Experimental
Major adverse experience of account 90 1
Haemorrhage 315 (3.4%) 350 (3.8%) 0.172 %
without
Abnormal laboratory data 322 (3.5%) 378 (4.1%) 0.032 event
Neoplasms 218 (24%)  242(2.6%)  0.263 801 Lontrol
Joint pain,Lumbar pain,Muscle pain 180 (2.0%) 144 (1.6%) 0.043 P=0.0001
Gastrointestinal disorder 155 (1.7%) 352 (3.8%) <0.0001 70
Eruption,ltching,E h Eczema 64 (0.7% 161 (1.7% <0.0001 1 2 3 4 5
rup E (0.7%) (1.7%) - Year
( x 2-test) de Lorgeril M et al. Circulation. 1999;99:779-785.
Metabolic Pathway of the Essential Fatty Acids
Omega-3 Polyunsaturated Fatty Acids Omega-s PUFAS Omega-3 PUFAS

Inhibit platelet aggregation

* Anti-inflammatory

* Decrease triglycerides and Lp (a)
Anti-arrhythmic (direct myocyte effect) etc.

Linoleic acid (LA)
(Found in vegetable oils, seeds, and nuts)

Alpha-linolenic acid (ALA)
(Found in legumes, leafy vegetables, flax,
flaxseed oil, canola oil)

A6 Desaturase

v

Gamma-linolenic acid (GLA)
(Found in borage and primrose oil)

A6 Desaturase

Eicosapentaenoic acid (EPA)
(Found in fish oil)

M

Docosahexaenoic acid (DHA)
(Found in fish oil)

Arachidonic acid
(Found in meat)

The omega-6-derived eicosanoids

The omega-3-derived eicosanoids

T Az, 9 Y

Leukotriene B, promotes white blood cell

P (PGly), Y

Thromboxane A, less active

adhesion
Leukotriene Bs, 5%~-10% as active as
leukotriene B,

TG-lowering effects

Percent Change

Omega-3 FA and Lipids
Summary of 72 Placebo-controlled Studies

. . HDL
Triglyceride LbL Total
15% Cholesterol Cholesterol Cholesterol
10% P<0.0001
10%
o P<0.0001 .
P<0.0001 2
%1 & ¢ P02 P<0.008
5% E 4%
8 P<0.009
&

=
N
=

5%

-20%

TG<2mmol TG >2 mmol| T6<2mmol TG > 2mmol| TG<2mmol TG 2 2 mmol

[0 Change from baseline with Placebo

-30% TG <2 mmol TG > 2 mmol [[] change from baseline with Omega-3

[l Difference between Placebo and Omega-3
Avg. dose: 3.7- 4.0 g EPA+DHA

Harris WS. Lipids. 1996;31:243-252.
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Effects of Omega-3 Ethyl Esters in
Combination with Simvastatin

T Chol TG HDL-C
40 Additional
2 effect, P=0.15

P<0.001

H Simva + Omacor

jar
3
3
E -80
g -100 | H Simva + Placebo
£
£ 120
© 140
-160 Change from baseline after 5 weeks treatment;
480 | Additional Additional Simva 20 mg/day, n=20
effect, effect, P=0.007
P=0.052 Omacor 4 g/day, n=21

Nordoy A, et al. J Intern Med 1998;243:163-170

COMBOS study ; add-up effect

Figure 2. Median Percent Change in TG, Non-HDL-C, Calculated
VLDL-C, and LDL-C from Baseline to End of Treatment in
the ITT Population

57 TG Non-HDL-C ~ VLDL-C LoL-C
07
o

% Change

Additional changes to
baseline simvastatin therapy
O Omacor + Simvastatin
M Placebo + Simvastatin

* P <0.0001

295"

N=122, OMACO 4g/day

Liver-tropic effects of Q3FA (1)

Liver-tropic effects of Q3FA (2)

Citrate

Acetate

SREBP-2 AP-citatolyase N, Acetyl CoA synthetase SREBP-1c
AcetoacetylCoA thiolase__— AceVICOA—__ Acetyl Co carboxylase
Acetoacetyl CoA " Malonyl CoA
HMG CoA synthase | Faty ase
Wocon LYl - —
HMG CoA reductase | IR hs
evalonate
Mevalonte kinese
Phosphomevalonte kinsse
Mevalonate PP docarboxylase
>
Fatty acyl Con
GPAT

Squalens expoxidase

Lanostero! synhase | €D

Monoacylglycarol 3-phosphate

\d SREBP-lc. SREBP-2 regulates the genes.
Inhibition of LXR would result
cytochrome P450-51: DHCR

nosine triphosphate: CoA = coenzym
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PUFA direct binding

Oxysterol (+)
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TG synthesis Bile secretion
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PPARG (+)
SREBP-1c (-)

Bile synthesis

TG synthesis
down

down

Table |
Summary of effects of omega-3 fatty acids on nuclear receptors involved in regulation of
lipogenesis

Expected Changes

Metabolic Nuclear Effects on Gene

Receptor Regulation Triglycerides HDL LDL
PPAR-a 1 L i3 |
LXR ! L 1 !
FXR 1 Ll 1 1
HNF-da ! Ll l o
Net effects bl bl “« >

FXR = farnesol X receptor;
factor-4a; LDL
proliferator-activated receptor;

HDL = high-densi
/ lipoprotein; LXR
= increase; | = d

¢ lipoprotein; HNF-4a = hepatocyte nuclear
X receptor; PPAR-a = peroxisome
;<> = neutral effect.

low-dens

The OCEAN Study

Omacor Carotid EndArterectomy iNtervention
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OCEAN Study outline

Patients Randomised to treatment with:

identified
at clinic

Surgery

Omacor (omega-3-acid ethyl ester 90) 2g/d
vs. Placebo

Morphology:
AHA classiﬁcati;r\

Histology:

Immunohistochemistry: Cytokines
Macrophages MMPs
Tcells TIMPs
TNF-o PPARs

Multicenter (3), Double blind

/ Plaque
Plaque components & fea:M/
mRNA:

Inclusion criteria:

= Awaiting carotid endarterectomy
= > 18 years of age
= Written informed consent

Exclusion criteria:

= Consumption of fish oil or evening primrose oil
= Consumption of > 2 oily fish meals/week

= Surgery in < 7 days

= Pregnancy or breastfeeding

= Participation in another trial

Flow of patients

Subject Characteristics

Ra?qd: T;ed Placebo Omacor
/\ Age (y) 741+85 70.9+87
Men (%) 66 63
Placebo Omacor BMI (kg/m2) 269+43 273452
N =61 N =60 Smoking history 64% ex 57% ex
Dropouts Dropouts 15% current 22% current
N=4 N=7 Right stenosis (%) 65 + 30 70 + 26
Completed Completed Left stenosis (%) 70+23 72 +26
N=57 N=53 SBP (mmHg) 156 + 23 156 + 26
Protocol violators Protocol violators DBP (mmHg) 82+13 81+13
N=7 N=9 Hypertension (%) 87 85
Type 2 diabetes (%) 31 23
e fopkdni Angina (%) 26 23
Lipid Values ,
(basslins) Treatment Duration
(days)
Placebo Omacor
Placebo Omacor
Serum TG (mM) 16+0.38 14+0.6
Serum cholesterol (mM) 48+12 48+1.1 _ _
Serum LDL cholesterol (mM) 28+10 27+1.0 Range 8-102 7-1
Serum CRP (mg/l) 55+6.9 6.5+9.3
Median* 21 21

* The observed median treatment duration was shorter than
originally expected when planning the study
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[ DSHAEESE X0 M8 2H)
S Hioos Faatins pomm— r— = Plague EPA level is negatively correlated
Mean + SE Mean + SE with inflammation and plaque stability
Lipid Core 2.20 + 0.13 2.30 £ 0.13 0.56 (primary endpoint)
kNo. of Foam Cells 151 £012 | 1.87 £0.12 0.039_—H
Haemorrhage 1.44 £ 0.10 1.39 £ 0.10 0.77 Histology Feature Plaque EPA* p-value
No. of Macrophages(plaque) 275+ 0.14 3.00 £ 0.14 0.22 Mean Score .0.21 0.043
No. of Macrophages (cap) 2.48 £ 0.19 2.61 £ 0.19 0.62
Inflammation (plaque) 2.33+0.14 2.57 £ 0.14 0.22
Inflammation (cap) 247 £ 0419 238 +0.19 0.44 —> The more EPA in the plaque the less inflamed and more
Mean Score 2.32 £ 0.1 2.52 £ 0.1 0.20 stable itis

* Pearson Correlation Coefficient

Plague MMP-9 mRNA expression was
significantly lower in the Omacor group

0.8 [P =000
* MMP-9 highly expressed in  Fo.7
carotid plaques §o .
* Involved in collagen s

breakdown and cap x05

weakening 204

+ MMP-9 regulated by 20.3
£

PGE, pathway 267
o

S04

0

Placebo Omacor

Plague MMP-7 & MMP-12 mRNA expression
lower in the Omacor group

- P =0.004
042 r P =0.005 . 0.25
o 2
8 041 % 0.2
2 &
$0.08 R4
X X015
3006 g
z0.
< S o4
['4
& 0.04 £
£ ~
i o
: ¥ 0.05
o
g 0.02 g
s s
0 0
Placebo Omacor Placebo Omacor
MMmP-7 MMP-12

Plague ICAM-1 mRNA expression was significantly
lower in the Omacor group

* ICAM-1 is an adhesion 5
molecule involved in 3 5 i
recruitment of £ 0.4 |_ e
monocytes into the J03
vessel wall I
. 202
* Increased expression is <
associated with £ 01
progression of £
atherosclerosis 3‘ }
(&}

Placebo Omacor

Decreased macrophage numbers in the plaques could be
related to lower ICAM-1 expression

Plaque |IL-6 mRNA expression was
significantly lower in the Omacor group

<

m P =0.039
©

S 0.4

s

[

>

S

<. 0.05

o

<L

4

£ .
E o

=

Placebo Omacor
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Cardiomyo-tropic effects of Q3FA

PUFAs significant inhibit cardiac Na+ and Ca2+ channels
- d/t changing fluidity of cell membrane ?
- by alteration of stresses between channel and membrane when the
hydrophobic length of the transmembrane channel protein does not match
the hydrophobic thickness of the resting membrane phospholipid bilayers
- d/t direct interaction with specific channel proteins

PUFAs have no significant effects on /K1 and HCN channels

- IK1; critical for maintaining resting membrane potential in most
cardiomyocytes
- HCN channels ; critical for pacemaker cells in the heart

(J Membr Biol. 2005 Jul:206(2):141-54. )

Effect of EPA+DHA (810 mg/d x 4 mo)
on Heart Rate in 18 CHD Patients

* 74 vs 69 bpm, p<0.0001 —e— Placebo
—=— Omega-3

Supine  Standing  Sitting at rest

Minutes

O’Keefe et al. Am J Cardiol 2006;97:1127-1130

Omega-3 FA Infusion Prevents
Ventricular Tachyarrhythmias in Dogs

Physiology: Billman et al. Proc. Natl. Acad. Sci. USA 91 (1994)

LU )

HR 210

Control 1
C—

i‘é’l”l‘l"‘l‘%l}l“iwjmw J\,\llvi‘-}i}ﬁ}dlu’\}]h I

c‘)cduslcn Treadmill stop
ML s memens e
H

Omega-3 FA and Risk for VT/VF in
Patients with ICD’s

Figure 2. Survival Curves for Time to First Episode of ICD Therapy for VT or VF in All Patients
and in VT Patients by Fish Oil vs Placebo Group

All Patients Patients With Ventricular Tachycardia

£ 5
5 5
s 5
= H
® R
Log-Rank P=.19 Log-Rank P=.007
0+ o+
0 180 360 540 720 0 180 360 540 720
Days Days
No. at Risk
Placebo 100 65 57 48 31 69 43 37 30 18
FishOll 100 56 47 35 19 64 26 22 14 8
ICD indicates imp cardioverter defibrill, VT, ventricular tachycardia; and VF, ventricular fibrillation.

Raitt et al. JAMA 2005;293:2884.

Heart rate variability

Mean (+SD) Mean (+SD)
before after
SDNN
Omega-3 115 (39) 124 (30)*
Control 115 (45) 105 (36)
Mean RR 807 (104) 825 (95)
823 (187) 827 (175)
* p=0.04

Christensen et al, BMJ 1996; 312:677

Neurotropic effects of Q3FA ; Dementia

+ Neurons and synapses are highly enriched in long chain
unsaturated fatty acids (DHA)

+ Aged Tg2576 APPsw transgene-positive mice with DHA depleting
diet exhibited increased oxidative damage and transgene-
dependent loss of CNS DHA and massive (70-95%) loss of
postsynaptic proteins like the actin-regulatory drebrin etc.

* DHA partially suppressed p85a subunit loss, improved
neuroprotective AKT, BAD and GSK3 phosphorylation
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Q3FA & Dementia

* Low serum DHA levels increased the development of dementia
(Framingham study; Arch Neurol. 2006 Nov;63(11):1545-50. )

» Compared to normals, participants with dementia had significantly
lower n-3 FA levels (2.9% vs 3.2%; p <.05), particularly alpha-
linolenic acid levels (0.34% vs 0.39%; p <.05) (INCHIANTI study; J
Gerontol A Biol Sci Med Sci. 2007 Oct;62(10):1120-6.

Figure 3. Schema of Potential Dose Responses and Time Courses for Altering Clinical Events
of Physiologic Effects of Fish or Fish Oil Intake

Clinical Effect Time Course To
Alter Clinical Events

Weeks

TYRICAL DIETARY |
boses |

TYPICAL SUPPLEMENTA!
ooses

Triglyceride-Lowering  Months to Years
Heart Rate-Lowering Months
BP-Lowering Months to Years

Relative Strength of Effect

Antithrombosis Weeks

1000 1500 2000 2500
EPA + DHA Intake, mg/d

The relative strength of effectis estimated from effects of eicosapentaenoic acid (EPA) + docosahexaenoic acid
(DHA) on each risk factor and on the corresponding impact on cardiovascular risk.7% For example, dose
response for antiarrhythmic effects is initially steep with a subsequent plateau, and clinical benefits may occur
within weeks, while dose response for triglyceride effects is more gradual and monotonic, and clinical benefits
may require years of intake. At typical Western levels of intake (eg, <750 mg/d EPA+ DHAY), the physiologic
effects most liely to account for clinical cardiovascular benefits include (1) modulation of myocardial sodium
and calcium fon channels, reducing susceptibilty to ischemia-induced arthythmia; ®* and (2) reduced left ven-
tricular workload and improved myocardial efficiency as a result of reduced heart rate, lower systemic vascular
resistance, and improved diastolic filling 72 At higher levels of intake seen with fish oil supplementation or
in Japanese populations®* (>750 mg/d EPA-+DHA), maximum antiarrythmic effects have been achieved
and clinically relevant effects occur on levels of serum triglycerides™ and possibly, at very high doses, throm-
bosis.” portant effects on endothelial,” autonomic, not
because dose responses and time courses of such effects on clinical isk are not well established. Effects are not
necessarly exclusive: eg, antiarrythmic effects may be partly mediated by effects on blood pressure (87) or
heart rate.

AHA Recommendations for Omega-3
Fatty Acid Intakes

Population Recommendation

Patients without
documented CHD

Eat a variety of (preferably oily) fish at least twice
a week. Include oils and foods rich in a—linolenic
acid (flaxseed, canola, and soybean ails;
flaxseeds and walnuts)

Patients with Consume =1 g of EPA+DHA per day, preferably
documented CHD from oily fish. EPA+DHA supplements could be
considered in consultation with the physician

Patients needing 2-4 grams of EPA+DHA per day provided as
triglyceride lowering  capsules under a physician’s care

Kris-Etherton, Harris and Appel. Circulation. 2002; 106:2747-57

Era of Combination

GISSI
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IMPROVE-IT

Torsetrapib

FIELD A
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Phase IT - ITT studies
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