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56-yo Hispanic Woman with T2DM and No CVD

Meds: Atorvastatin 40 mg/d, metformin 1000 mg BID, HCTZ 50 mg/d
Exam: BMI=34 kg/m?2, BP=128/82 mm Hg, Waist=36", Non-smoker
Labs:

Fasting glucose 115 mg/dL

Alc 6.2%

TC 208 mg/dL

Introduction to Triglyceride-rich
Lipoproteins

TG 559 mg/dL
HDL-C 36 mg/dL
LDL-C 88 mg/dL
Non-HDL-C 172 mg/dL

Alc=glycosylated hemoglobin; BMI=body mass index; BP=blood pressure; CHD=coronary heart disease; HT G=hypertriglyceridemia;
T2DM=type 2 diabetes mellitus; TC=total cholesterol

Proposed Mechanisms for the Atherogenicity of TG-
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1. Watts GF et al. Nat Rev Cardiol. 2013;10:648-61. 2. Wang L et al. J Lipid Res. 2009;50:204-13.
Genest J, Libby P. Lipoprotein Disorders and Cardiovascular Disease. Braunwald’s Heart Disease: A textbook of cardiovascular medicine, 10th edition. Elsevier 2014. 3. Takahashi M et al. J Lipid Res. 2013;54:1124-34. 4. Miller M et al. Circulation. 2011;123:2292-333.
LPL=lipoprotein lipase; TRL=TG-rich lipoprotein. Adapted from Watts GF et al. Nat Rev Cardiol. 2013;10:648-61
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Hypertriglyceridemia (TG 2150 mg/dL) Is More Common in Men than
Women and in Mexican-Americans than Whites or Blacks

B Mexican-American
Non-Hispanic White
Non-Hispanic Black
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US NHANES (Survey Period 2009-2012)

Carroll MD et al. NCHS Data Brief, No 198. National Center for Health Statistics. 2015.

Obesity and Hypertriglyceridemia @ Strong Association of TRisk of Ml and TAll-cause
(Fasting TG 2150 mg/dL) Mortality Shown with TNon-fasting Plasma TG Levels

82,890 individuals from the Copenhagen City Heart Study and Copenhagen General Population Study
Women

. Myocardial Infarction
M Normal weight (BMI 18.5-24.9 kg/m?) (1)
Overweight (BMI 25-29.9 kg/m?)

Obese (BMI >30 kg/m?) 319

HR for MI

250 500 750 194 387
Plasma TG cholesterol, mg/dL LDL-C, mg/dL
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US NHANES, Survey Period 2009-2012

Hazard ratios (HR, blue line) with 95% confidence intervals (orange dotted lines).
N - Nonfasting plasma TGs (‘remnant cholesterol ) was calculated as nonfasting total cholesterol minus HDL-C minus LDL-C that was calculated as TG/5.
Carroll MD et al. NCHS Data Brief, No 198. National Center for Health Statistics. 2015. Nordestgaard BG. Circ Res. 2016;118:547-63.
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Plasma TG Levels Predict CVD and Total Mortality

(Meta-analysis of studies including >1 million subjects)

TG Predicts CHD
(Meta-Analysis of 29 Studies; N=262,525)

Groups CHD Cases CHD Risk Ratio: Top vs Bottom Tertile* (95% Cl)
Duration of Follow-up

210 years 5902 : -

<10 years 4256 —_ Top TG Tertile
Sex g >181 mg/dL
Male 7728 S

Female 1994 ]

_—

« 33 studies with CVD Relative Risk by TG quartile (mg/dL)

mortality
— 17,018 CVD deaths
among 726,030 subjects
« 38 studies with all-cause
mortality
— 58,419 all-cause deaths

Fasting Status i
Fasting 7484 -
Nonfasting 2674 a

Lowest TG Tertile

<120 mg/dL among 330,566 subjects

T
Adjusted for HDL-C i
Yes 4469 —_——

No 5689 o
Overall CHD Risk Ratio* ‘ 1.72 (95% Cl, 1.56-1.90) " Pvalue 0001 0.015 0013 0.011
Decreased 1 Increased

rok —1 — R 2 CVD Mortality All-cause Mortality
W <90 90149 (referent) W 150-199 [ >200

*Individuals in top vs bottom third of usual log-TG values, adjusteg for at least age, sex, smoking status, lipid concentrations, and (in most studies) blood pressure.
-8.

Cl=confidence interval. Sarwar N et al. Circulation. 2007;115:45( Median duration of study follow-up was 12.0 years. Liu J et al. Lipids Health Dis. 2013;12:159-69.

Genetic Studies Examined TG-rich Lipoprotein Causality

Mendelian Randomization Studies Showed That Elevated LDL-C @
for Atherosclerotic Cardiovascular Disease (ASCVD)

and TG Are Causally Associated with ASCVD. HDL-C is not.

» Causality directly connects one process (the cause, eg, remnant) with another
(the effect, eg, ASCVD)

— Several different types of evidence are necessary to determine whether elevated TG-rich
lipoproteins are a cause of ASCVD

15 selected genetic variants Genome-wide, 185 SNPs

Non-fasting TGT Triglycerides®

» Besides epidemiology, this includes evidence from
— Randomized trials

— Mendelian randomization studies of human genetics

= Double-blind and randomized because of nature’s own method of distributing alleles
= Capture a life-long effect
= Genotypes do not change on repeated measurement
— Biological insight on potential mechanisms from elevated TG-rich lipoproteins to
atherosclerosis and ASCVD

Nordestgaard BG. Circ Res. 2016;118:547-63.

HDL cholesterold

LDL cholesterolT -
1.0 2.0 4.0

HR/OR (95% CI) for IHD per
1 mmol/L T ord

N=66,000 (12,000 IHD)
Varbo A et al. J Am Coll Cardiol. 2013;61:427-36.

HDL cholesteroly

LDL cholesterolT =
0 03 0.6
Effect size [3(95% CI)] for IHD
per1SD Tord

N=87,000 (22,000 IHD)
Do R et al. Nat Genet. 2013;45:1345-52.

ASCVD=atherosclerotic CV disease; HR=hazard ratio; IHD=ischemic heart disease; OR=0dds ratio; SD=standard deviation; SNP=single nucleotide polymorphism.
Nonfasting plasma TGs (‘remnant cholesterol ) was calculated as nonfasting total cholesterol minus HDL-C minus LDL-C that was calculated as TG/5.

Nordestgaard BG. Circ Res. 2016;118:547-63.
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TG >500 mg/dL Is Associated with Greatly Increased

Pancreatitis Risk Important Secondary Causes of HTG @

Clinically useful details

Moot mmarome |

Antiretroviral regimens (for HIV); Oral estrogen; Glucocorticoids;
Medications Isotretinoin; Some phenothiazines and 2nd-generation antipsychotics;
Nonselective beta-blockers; Thiazide diuretics; Tamoxifen; Bile-acid seq.

Recreational drugs Alcohol, heavy marijuana use (TApo C-ll)

Apo=apolipoprotein; HIV=human immunodeficiency virus. Bays HE. In: Kwiterovich PO Jr, ed. The Johns Hopkins Textbook of Dyslipidemia. 1 ed. Lippincott
Williams & Wilkins;2010:245-57.

Crude Incidence (cases/1000 pt-yr)

Risk of incident pancreatitis 1 by 4% for
every 100-mg/dL T in TG concentration*

Group 2
Group 1

<150 150-499| 2500
(n=31,740) | (n=31,887) |  (n=3642)

Fasting Triglycerides (mg/dL)

*After adjustment for covariates and removal of patients hospitalized for gallstones, chronic
pancreatitis, alcohol-related morbidities, renal failure, and other biliary disease.
Murphy MJ et al. JAMA Intern Med. 2013;173:162-4

Lipemic plasma

Cardio-Metabolic Risk Factors

High TG Levels Are Often Associated with Other @ oy [P

Obesity
Physical inactivity
Diabetes mellitus

High blood pressure The “Atherogenic Triad” in diabetes:

«1 Triglyceride-rich lipoproteins (TRLs)
Elevated cholesterol levels +1 Small dense LDL-C

Low HDL-C levels *| HDL-C

American Heart Association (AHA) Scientific Statement. Miller M et al. Circulation. 2011;123:2292-333.

Eruptive cutaneous

xanthomas

Familial chylomicronemia
(hyperlipoproteinemia type 1)
or primary mixed dyslipidemia |}
(hyperlipoproteinemia type 5)

Tuberous
xanthomas on

elbows

Usually appear on
extensor surfaces in
familial
dysbetalipoproteinemia
(hyperlipoproteinemia
type 3)

Yuan G et al. CMAJ. 2007;176:1113-20.

Lipemia retinalis
Milky appearance of the
retinal vessels and pink
retina can be seen when TG
concentration >3000 mg/dL.

Palmar crease

xanthomas
familial dysbetalipoproteinemia
(hyperlipoproteinemia type 3)
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Classification of TG Levels

2014 National Lipid Association (2011 AHA) @

Fasting Triglycerides (mg/dL)

<100 Optimal
<150 Normal
150-199 Borderline high

200-499 High

Jacobson TA et al. J Clin Lipidol. 2014;8:473-88. Miller M et al. Circulation. 2011;123:2292-333.

Fasting and Non-Fasting TG

Fasting TG Levels are Proportional to Post-Prandial Levels,
And Less Noisy

Plasma triglycerides following an oral fat load

100 @ Patients with combined dyslipidemia
® Normal patients

Plasma triglycerides (mg/dL)

Time (hours)

Genest J et al. Arteriosclerosis. 1986;6:297-304

No Fasting Required: Practical Algorithm for Screening

and Managing Elevated TG

<200 mg/dL 2200 mg/dL

Follow-up Fasting
as required lipoprotein panel

Optimal Normal Borderline High
<100 <150  150-199 200-499

Recommendations ‘L l
Weight loss Up to 5% 5%-10%
Carbohydrates 50%—60% 50%—-55%
Protein 15% 15%—-20%
Fat 25%-35% 30%-35% 30%-35%

Aerobic activity at least 2x weekly —_— l

Pharmacologic therapy

Miller M et al. Circulation. 2011;123:2292-333. Nordestgaard BG et al. Eur Heart J. 2016;37:1944-58.

What do you do
if pt shows up
non-fasting?

Either way is
OK

Order and get panel
results in time to
review with your

patient

If TG >500,
redo as fasting

Non-HDL-C
(TC - HDL-C)
can be assessed in
the nonfasting state
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Non-HDL-C vs LDL-C

The Framingham Heart Study, Women'’s
Health Study, Health Professionals
Follow-up Study, and others showed the
superiority of non-HDL-C vs LDL-C as an
independent CV risk factor

Unless measured directly, LDL-C is usually calculated from total
cholesterol, HDL-C, and TG (Friedewald equation)

Friedewald-calculated LDL-C tends to be artifactually depressed in/if:
— Non-fasting blood sample

— TG > ~200 (fasting or not)

- TG <~50

— LDL-C <50

Non-HDL-C remains accurate in all of the above situations

In HTG Subjects, LDL-C Measurements
Underestimate CVD Risk

Large LDL-C Small, dense LDL-C

LDL = 130 mg/dL
»

{ 7
K2 | 1LDL particles

Fasting Lipid Panel: Fasting Lipid Panel:
198 mg/dL TC 210 mg/dL
130 mg/dL «<—— LDL-C 130 mg/dL
90 mg/dL TG 250 mg/dL
50 mg/dL HDL-C 30 mg/dL|  |HDL-C
148 mg/dL Non-HDL-C 180 mg/dL| tNon-HDL-C

Otvos JD et al. Am J Cardiol. 2002;90:22i-29i.

With Increasing HTG, VLDL-C Increases as LDL-C Decreases,
Making non-HDL-C a Better CVD Lipid Marker Than LDL-C

Lipoprotein cholesterol distribution among 72,000 Danish individuals off lipid-lowering therapy
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TG (mg/dL) <85 86-176 177-264 265-353 354-441 >441
Number 14,906 28,041 10,722 3826 1418 982

Varbo A et al. J Am Coll Cardiol. 2013;61:427-36.

Framingham Heart Study: Non-HDL-C Is a Stronger
Predictor of ASCVD Risk than LDL-C

Non-HDL-C
(mg/dL)
~ 2190
160-189
<160

Relative CHD Risk

<130  130-159 2160
LDL-C (mg/dL)

Liu J et al. Am J Cardiol. 2006;98:1363-8. (Framingham Study)
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Non-HDL-C >130 mg/dL Is a Better ASCVD Risk
Predictor Compared With LDL-C >100 mg/dL

Meta-analysis data at baseline and at 1-year follow-up from 62,154 patients enrolled in 8

randomized controlled statin trials published 1994-2008 Elevated TG levels are common, especially among the overweight,

obese, and diabetics
Target Level

Non-
LDL-C HDL-C Events Subjects HR
(mg/dL) (mg/dL) (n) (n) (95% ClI)

Remnants of TG-rich lipoproteins (chylomicron remnants, VLDL
remnants, IDL) promote atherogenesis

2100 2130 1877 10,419 1.21 (1.13-1.29)

Non-HDL-C is a better CVD predictor than LDL-C, especially in patients
with HTG

2100 <130 467 2873 1.02 (0.92-1.12)

<100 2130 283 1435 1.32 (1.17-1.50)

Very high TGs are associated with increased risk for pancreatitis
<100 <130 2760 23,426 1.00 [ref]

HR (95% Cl)

Boekholdt SM et al. JAMA. 2012;307:1302-9.

Secondary Prevention

Clinical ASCVD

Healthy Lifestyle

Practical Approach to the
Management of Atherogenic
Lipids

ASCVD not at very high-risk* Very Hgnrisk®

James A. Underberg, MD, MS
Clinical Lipidology
Clinical Assistant Professor of Medicine

NYU School of Medicine & NYU Center for Prevention of
Cardiovascular Disease

Director, Bellevue Hospital Lipid Clinic

President, National Lipid Association

New York, NY

reasonal
(Class llb)

(21.8 mmollL)
(2.6 mmoliL),

Grundy SM et al. Circulation. 2018. [epub ahead of print Nov. 10]
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Very High Risk of Future CVD Events

Major ASCVD Events
Recent ACS (within the past 12 mo)
History of MI (other than recent ACS event listed above)

History of ischemic stroke

Primary Prevention

Primary Prevention:
Assess ASCVD Risk in Each Age Group
Emphasize Adherence to Health Lifestyle

Symptomatic peripheral arterial disease (history of claudication with ABD <0.85, or previous revascularization or amputation

High-Risk Conditions

(Class lla)

Age>75y
Clinical Assessment, risk discussion

Heterozygous familial hypercholesterolemia

History of prior coronary artery bypass surgery or percutaneous coronary interventio ide of the major ASCVD event(s)

Diabetes mellitus

CKD (eGFR 15-59 mL/min/1.73 m?)
Current smoking

tently elevated LDL-C (LDL-C .6 mmol/L]) despite maximally tolerated statin therapy and ezetimibe

History of congestive HF

Grundy SM et al. Circulation. 2018. [epub ahead of print Nov. 10].

Risk discussion:
f risk enhancers
nt then risk

discussion regarding
‘moderate-inten:

Grundy SM et al. Circulation. 2018. [epub ahead of print Nov. 10]

Diagnosing and Treating Secondary Causes of HTG NLA: Targets of Therapy — Triglycerides

Take a Hx of diet (calories, fat, sugar, alcohol, body weight and Elevated TG level: Not a target of therapy, except when very high
weight changes) and physical activity (frequency, type, intensity) (=500 mg/dL)

Measure BMI & waist, TSH, fasting glucose, A1c, urinary protein + TG 200-499 mg/dL: Targets of therapy:

Recommend low-calorie, low-sugar, low-to-no alcohol, low-fat but — Non-HDL-C
high-fiber diet - LDL-C

(to prevent pancreatitis):

— { TG concentration to <500 mg/dL

Treat underlying diseases causing HTG (eg, TA1c, thyroid function)

Consider possible changes away from TG-raising medications

Bays HE. In: Kwiterovich PO Jr, ed. The Johns Hopkins Textbook of Dyslipidemia. 1% ed. Lippincott Williams & Wilkins;2010:245-57. NLA=National Lipid Association. Jacobson TA et al. J Clin Lipidol. 2014;8:473-88
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Lifestyle and Diet Can Have Big Effects on
Hypertriglyceridemia

Lifestyle Approaches to the
Management of HTG

Diet / Lifestyle Change

Weight loss in overweight or obese
individuals (at least 5-10%)

Diet 20% - 50% reduction in TG
? Fruits, veggies & low/non-fat dairy may be possible with

{ Total carb, added sugars

{ Total fat (if fasting TG >~800)

* Dietary fiber

Exercise

Any type is helpful, the more the better
(e.g. brisk 30-min walk, 3x/wk)

lifestyle interventions!

After Miller M et al. J Am Coll Cardiol. 2008;51:724-30. Sampson UK et al. Curr Atheroscler Rep. 2012;14:1-10.

Lipid Effects of 1Physical Activity and |Weight Diets Rich in Marine Sources of EPA and DHA
in Patients with Overweight/Obesity Are Associated with Decreased Stroke Risk

| ePmDMAO100) | Nurses Health Study

+ 1,086,261 person-years of follow-up

+ 574 incident strokes documented

Salmon, farmed 1966

I[salmon,wild | 1840 | #Marine-based Meals Stroke Reduced Risk
[Mackerel, Atlantic | 1203 |

Mackerel, Atlantic 1203 1-3 per month 7%

Sardines, Atlantic 1 per week 22%

Trout

+ {TG: 1st & most notable effect of Tphysical activity on lipid profile
Exercise may {TG even without weight loss
— Sustained 3%-5% weight { may cause clinically meaningful TG
— Degree of TG-lowering is proportional to baseline TG

+ THDL-C: Requires stable weight loss + extensive physical activity
— ~700-2000 kcal/week (~30 min/day, moderate intensity)

Goldenbass (lefish 2-4 per wook 27%
Swordfish >5 par week 52%
Tuna, white albacore 862

Striped bass Iso H et al. JAMA. 2001:285:304-12

Pollock, Atlantic

* LDL-C often does not change
— But Jweight + Texercise should T particle size and/or may {LDL-C levels

Adapted from Bays HE et al. J Clin Lipidol. 2013;7:304-83. Couillard C et al. Arterioscler Thromb Vasc Biol. 2001;21:1226-32.

Jensen MD et al. J Am Coll Cardiol. 2014;63(25 Pt B):2985-3023. N
Mozaffarian D, Wu JHY. J Nutr. 2012;142:614S-625S. Data from the USDA National Nutrition Database for Standard Reference Release 23, 2010.
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Considerable ASCVD Risk Remains
Despite Statin Monotherapy

45 CARE WOSCOPS LIPID AFCAPS HPS CARDS ASCOT JUPITER

Managing Residual CV Risk

s 0
%-10 . . . St t d
. B atins reauce
Statin-based g% .
LDL-C é -30 —24% o —24% —24% CAD/CVD risk
: &40 -34% e _37% _379, —36% by ~24%-44%
lowering to ¢ 50 —44% o
] but 56% to
reduce CAD & -60 76% idual
risk>10 270 RESIDUAL RISK 070 resiaua
3 -80 risk remains?-10
2 90
-100
1. Adapted from Rader DJ et al. www.medscape.org/viewarticle/569095. 2. Shepherd J et al. N Engl J Med. 1995;333:1301-1307.
3. Scandinavian Simvastatin Survival Study Group. Lancet. 1994;344:1383-1389. 4. Ballantyne CM. Am J Cardiol. 1998;82:3Q-12Q.
CV RISK 5. Sacks FM et al. N Engl J Med. 1996;335:1001-1009. 6. Downs JR et al. JAMA, 1998;279:1615-1622.

REMAINS 7. LIPID Study Group. N Engl J Med. 1998;339:1349-1357. 8. Brown BG. Eur Heart J Suppl. 2005;7:F34-F40.
9. Grundy SM et al. Circulation. 2004; 110:227-239. 10. Ridker PM et al. N Engl J Med. 2008;359:2195-2207.

IMPROVE-IT: Add-on Ezetimibe to Statin Beneficial; FOURIER: Significant Reduction in CV Events, but
Lower LDL-C Is Better Significant Risk Remains

Primary Endpoint — i\:;’vg;;atm “Omg NNT=50
ITT: CV death, MI, 2742' events (34.7% 59% mean reduction (95% C1 58-60), P<0.000001
documented unstable 34.7%) Hazard Ratio 0.936 Absolute reduction: 56 mg/dL (95% CI 55-57)
angina requiring Cl (0.887-0.988)
rehospitalization, P=0.016
coronary
revascularization (230 Ezetimibe 10 mg + Simvastatin 40 mg
days), or stroke N=9,067

2572 events (32.7%)

B W | Placebo
Evolocumab (median 30 mg/dL, IQR 19-46 mg/dL)

Residual risk
despite statin
Evolocumab and PCSK9
therapy

CV Death, MI, Stroke,
Hosp for UA, or Cor Revasc

v )
Ezetimibe 10 mg + Simvastatin 40 mg 125.8 12 16 24

Meonths from Randomization

hsCRP=high-sensitivity C-reactive protein (CRP); IMPROVE-IT=Improved Reduction of Outcomes: Vytorin Efficacy Interational ; (AT ETAES
Cannon CP. AHA Late-Breaking Clinical Trials Session, Nov. 2014. Sabatine MS et al. N Engl J Med. 2017;376:1713-22

Change
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ODYSSEY OUTCOMES Also Shows Significant HTG Is Associated With Residual Risk
Reduction in CV Events, But Significant Risk Remains Despite LDL-C <70 mg/dL on Statin

PROVE-IT TIMI 22

ARR* 1.6%

Residual risk
despite statin
HR 0.85 and PCSK9

(95% C10.78, 0.93) therapy
P=0.0003

Risk of Death, MI, or
Recurrent ACS
(230 days post-ACS, %)

MACE: CHD death,
non-fatal M, ischemic 0
stroke, or unstable angina TG 2200 mg/dL TG <200 mg/dL
requiring hospitalization R —— Years Since Randomization (n=603) (n=2796)
Adjusted hazard ratio (95% ClI)
0.60 (0.45-0.81); P=0.001

ACS=acute coronary syndrome; Mi=myocardial infarction.

*Based on cumulative incidence
Miller M et al. J Am Coll Cardiol. 2008;51(7):724-730.

Steg G et al. American College of Cardiology 67th Scientific Sessions March 10, 2018.

HTG Is Associated With Residual Risk HTG Is Associated With Residual Risk
Despite LDL-C <70 mg/dL on Statin Despite LDL-C <70 mg/dL on Statin

PROVE-IT TIMI 22 PROVE-IT TIMI 22

}

p/Bw 00Z< DL /M
ASIY AADSV! %05
p/Bw 00Z< DL /M
%sIy AADSV! %08

Risk of Death, MI, or
Recurrent ACS
(230 days post-ACS, %)
Risk of Death, MI, or
Recurrent ACS
(230 days post-ACS, %)

Similar {ASCVD Risk
w/ 1 TG seen in

0

TG 2200 mg/dL TG <200 mg/dL TG 2200 mg/dL TG <200 mg/dL
(n=603) (n=2796) (n=603) (n=2796)

Adjusted hazard ratio (95% CI) Adjusted hazard ratio (95% Cl) other RCTs and

0.60 (0.45-0.81); P=0.001 0.60 (0.45-0.81); P=0.001 in Observational

ACS=acute coronary syndrome cardial infarction. ACS=acute : on. Studies
Miller M et al. J Am Coll Cardiol. (7):724-730, Miller M et al. J A
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Proportion of CAD Patients Taking Statin Therapy Who
Have Residual Cholesterol or Inflammatory Risk

Trial Data Registry Data

| |
1 1

PROVE-IT IMPROVE-IT

L

[ Residual Inflammatory Risk [I] Residual Cholesterol Risk [l Both B Neither
+ hsCRP 22 mg/L * hsCRP <2 mg/L * hsCRP 22 mg/L * hsCRP <2 mg/L

* LDL-C <70 mg/dL * LDL-C 270 mg/dL * LDL-C >70 mg/dL * LDL-C <70 mg/dL

hsCRP=high-sensitivity C-reactive protein. IMPROVE-IT=Improved Reduction of Outcomes: Vytorin Efficacy International; PROVE-IT=Pravastatin or Atorvastatin

Evaluation and Infection Therapy; US VIRGO Registry=Variation in Recovery: Role of Gender on Outcomes of Young AMI Patients. Ridker PM. Circ Res. 2017;120:617-9.

SGLT2i and GLP1-RA Lower CV risk in DM2

EMPA-REG OUTCOME Trial LEADER Trial
Empagliflozin Trial: Death, Stroke, and MI Liraglutide Trial: Death, Stroke, and Ml

HR 0.86
(95% Cl10.74-0.99) Placebo
P=0.04

HR 0.87

(95% CI 0.78-0.97)
P<0.001 for noninferiority
P=0.01 for superiority

Placebo

Liraglutide

Pooled
Empagliflozin

Patients with event (%)

6 12 18 24 30 36 42 48 54
Months

Zinman B et al. N Engl J Med. 2015;373:2117-28. Marso SP et al. N Engl J Med. 2016;375:311-22

CANTOS: Reducing Inflammation “Alone”
(Anti IL1-beta mAb, marker hsCRP) Reduces CV Events

CANTOS: Dose-Dependent Effects on Inflammatory CANTOS: Primary Cardiovascular Endpoint (MACE)
Biomarkers and Lipids (48 Months) N=10,061
Stable CAD (post MI) 39 Countries
Residual Inflammatory Risk 2011-2017
(hsCRP 22mg/L) 1490 Primary Events

All pts on statins

Canakinumab 50 mg SC q 3 mth HR 0.85 (0.76-0.96)
07

Ganakinumab 300 mg SC a3 mth

+ 39% reduction in hsCRP

+ No change in LDL-C

+ 15% reduction in MACE

(median)
Incidence (%)

LbLC
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°
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°
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The 150 mg met multplicity
adjusted thre

HDL-C
Cumulati

T

Months

L S A ———)
Follow-up years
Ridker PM et al. N Engl J Med. 2017;377:1119-31

COMPASS: NOAC Rivaroxaban Heralds a Change in
CAD or PAD Management

Objective: Efficacy and safety of rivaroxaban, low-
dose rivaroxaban plus ASA or ASA alone for reducing
risk of M, stroke or CV death in CAD or PAD 0.10

Rivaroxaban + Aspirin vs Aspirin: HR 0.76 (0.66-0.86); P<0.0001
Rivaroxaban vs Aspirin: HR 0.90 (0.79-1.03); 0.12

Population:
N=27,400 patients with documented CAD or PAD
(statin use unknown)

Aspirin Rivaroxaban

Rivaroxaban + Aspirin
Rivaroxaban 2.5 mg bid + ASA 100 mg od
=+ pantoprazole 40 mg od

Rivaroxaban 5.0 mg bid
=+ pantoprazole 40 mg od

Cumulative Hazard Rate

ASA 100 mg od
=+ pantoprazole 40 mg od

9152
9117
Aspirin 9126

Eikelboom JW et al. N Engl J Med. 2017;377:1319-30.
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Working Towards a Pragmatic, Personalized Approach

Personalized Treatment Hypothesis in CAD to Reduce Residual CVD Risk

Important Co-morbidities
« Cardiac Impairment

* Hypertension . .
« Insulin Resistance Known Cardiovascular Disease

« Renal Impairment LDL 150 mg/dL, TG 250 mg/dL, non-HDL-c 180 mg/dL
- Sleep Apnea hsCRP 4.5 mg/L

LDL-C 270 mg/dL Statin, Ezetimibe, PCSK9i
SGLT-2i, GLP-1 agonist

Setting .
(Threshold)

High-intensity Statin

—

“Residual Lipid Risk” “Residual Inflammatory Risk”

ILDL-C,iTG
ThsCRP

Canakinumab or methotrexate?
Single, dual antiplatelet,

riv aban?

Statin + Omega 3 (vs fibrate??)

1LDL-C 176, 1TG-RLs

(*Non-HDL-C)

| l |

Additional Additional TG Additional
LDL-C { (LoLc {) Inflammatory {

Therapy for Very High TG: Current FDA-approved

Drug Class U 7d500 Notable Adverse Effects (AEs)t

Myalgia, new-onset DM, hyperglycemia
Omega-3 FA (EPA/DHA)P - Eructation, dyspepsia, taste perversion

Pharmacologic Management of
HTG

retraction

J Abnormal liver function test, myalgia,
increased creatinine, nausea

Fenofibrate®

*Data from individual product labeling for each drug in patients with very high TG. TAEs: Incidence >Placebo and: >3% for omega-3/EPA/DHA; >2% for omega-
3/EPA, Fenofibrate, Statins; 5% for Niacin. 2Atorvastatin, rosuvastatin, simvastatin. ®4 g per day. 145 mg per day. ¢2 g per day.
Miller M et al. Circulation. 2011;123:2292-333. Fredrickson DS, Lees RS. Circulation. 1965;31:321-7. Lewis B. Proc R Soc Med. 1971;64:905-8.
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Lipid Effects of Drug Classes in Mixed Dyslipidemia
and HTG

Non-
(€] LDL-C | HDL-C

Range, %

Fibrate Outcome Studies with Statin Use

Daily Baseline Effect on Follow-up
OV Risk Prof n Eovel wS et (mean)
2DM Open-label
+ 4079 yrs + CVD or simvastatin 162 mg/dL ,
-5579ys +>20v | 9918 Fenofibrate | (mean dose: 22| (median) 2 S
risk factors mg)
ronized Added during
95 | fenofibrate 200 mg | studyin2547 | o4 Mo d)L % at 1 year |5 yr
ap pts

Mixed dyslipidemia
-Statins -10to -37 | -26to —63 | +5to +16 | —44 to —60
-Omega-3 fatty acids -19to-44| -6to+25 | -5to+7 -1to-7
-Fibrates —-24to-36 | -5to-31 |+10 to +16 -17
-Niacin -5t0-38| -3to-17 | +10 to +26 NR

Isolated HTG
-Statins —21to-52 | —27 to —45 | +3 to +22 | -29 to -52
-Omega-3 fatty acids —26to-52 | —-6to+49 | +9to+14 | —10to -14
-Fibrates —46 to —62 | +3 to +47 | +18 to +23 NR

NR=not reported. Maki KC, Bays HE, Dicklin MR. J Clin Lipidol. 2012;6:413-26.

Total Trial Population Post hoc: TG>204 mg/dL; HDL-C <34 md/dL

Subjects unselected for Dyslipidemia Subjects with Dyslipidemia
Study (treatment) OR (95% CI) Study (treatment) OR (95% CI)
RererSieios ACCORD (simvastatin + fenofibrate) - ACCORD (simvastatin + fenofibrate) ———

Nonfatal Ml or CHD death FIELD (fenofibrate) —— FIELD (fenofibrate) —-

ARR=absolute risk reduction; NC=not calculated. Adapted from Handelsman Y, Shapiro MD. Endocr Pract. 2017;23:100-12. Sacks FM et al. N Engl J Med. 2010;363:692-4

Statins Reduce CVD Events in HTG Patients
(HTG Subgroup Data)

Tral (Subgroup, maid _
(Drug) | Aisubjects | HTGsubgrowp | fqiouap

PURIIERI(EGI150) —44% (<0.001) 1% (NS)
(Rosuvastatin)

f"T f >177) —21% (<0.001) —24% (<0.001)

CARE=Cholesterol and Recurrent Events Trial; CTT=Cholesterol Treatment Trialists; JUPITER=Justification for the Use of Statins in Primary Prevention: An
Intervention Trial Evaluating Rosuvastatin; NS=not significant; PPP=Prospective Pravastatin Pooling; 4S=Scandinavian Simvastatin Survival Study;
WOSCOPS=West of Scotland Coronary Prevention Study. Ballantyne CM et al. Circulation. 2001;104:3046-51. CTT Collaborators. Lancet. 2005;366:1267-78.
Maki KC et al. J Clin Lipidol. 2012;6:413-26.

OM-3s are Highly Polyunsaturated Fatty Acids (PUFAs)

Seafood n-3 PUFA
Effective for
TG-lowering

ALA has poor
conversion to EPA
(0.3-8% and DHA

<1%) in humans'

Iph acid E acid acid
ALA (18:30-3) EPA (20:50-3) DPA (22:5n-3) DHA (22:60-3)

1. Arterburn LM et al. Am J Clin Nutr. 2006;83:1467S-76S. Graphic from Mozaffarian D, Wu JH. J Am Coll Cardiol. 2011;58:2047-67.
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Similarities and Differences of Prescription Omega-3 @
Fatty Acid Formulations

- A+DHA EPA only EPA+DHA EPA+DHA EPA only EPA+DHA
EE EE FFA EE'2 EE3 FFA4
Epar % I—
T

Generic Available? ‘

Prescription Omega-3 Fatty Acid Formulations

Adjunct to diet to L TG levels in adult patients with severe HTG (2500 mg/dL) Lowers Yes

*«EPA: 0.465g . ) *EPA:0.55¢g
+DHA: 0.375 g i “DHA: 0.2 g Lowers Yes

- EPA/DHA: 55%/45% oAl INGAT - EPAIDHA: 73%/27%

. ~49 ——
+ ~16% mon EPA/DHA o B2 + ~15% non-EPA/DHA
- Raises LDL. Yes
Eeglmlen’ :i CBJIgmv;l/lffggddzor +2 BID w/ food 2 or 4 QD, meal independent
aRSUTSS) Not available now
1. Lovaza prescribing information, generics available. 2. Omtryg prescribing information. 3. Vascepa prescribing information. 4. Epanova prescribing information

1. Lovaza PI, generics available. 2. Omtryg PI. 3. Vascepa PI. 4. Epanova PI. 5. Generic and Lovaza cost the same. EE=ethyl ester; FFA=free FA; Pl=prescribing Sperling LS, Nelson JR. Curr Med Res Opin. 2016;32:301-11
information. Sperling LS, Nelson JR. Curr Med Res Opin. 2016;32:301-11.

Omega-3 Content

Proposed Mechanisms of Potential CV Benefits Endothelial and Anti-inflammatory Biology of EPA
of Omega-3 FA Improves Plaque Properties

Anti-arrhythmic Antithrombotic
I'Sudden death (GISSI-P only) IPlatelet aggregation
UAtrial Fibrillation? (EPA+DHA might T) TBlood rheologic flow

IProtection against ventricular arrhythmias (vs T
9 R b s 1) A . Endothelial Dysfunction / Inflammation /
Heart rate variability improvement Anti-inflammatory and endothelial s Unstable Plaque
. Oxidative Stress Plaque Growth
protective effects

Anti-atherogenic JEndothelial adhesion molecules Increase Endothelial function EPA/AA ratio Fibrous cap thickness
{Non-HDL-C Leukocyte adhesion receptor expression Nitric oxide bioavailability Lumen diameter
ITG and VLDL-C Plaque stability

JVLDL and {Chylomicron remnants
THDL-C levels (vs | w/ EPA-only)
TLDL and HDL particle size

Effects of EPA on Plaque Progression

{Proinflammatory eicosanoids
JProinflammatory leukotrienes Decrease Cholesterol crystalline domains - Plaque volume

™NO production/vasodilation Ox-LDL S Arterial stiffness
Er— re RLP-C - Plaque vulnerability
Plaque stabilization Adhesion of monocytes Thrombosis

TResolvins/protectins/maresins

. . . Macrophages -| Platelet activation
{Systolic and diastolic BP Eoamreaiis

AF=atrial fibrillation; CV=cardiovascular; FA=fatty acid(s).
After Nelson JR et al. Vascul Pharmacol. 2017;91:1-9. After Bays HE. Chapter 21. The John Hopkins Textbook of Dyslipidemia, by Peter O Kwiterovich, 2010; 245-57. Ganda OP et al. J Am Coll Cardiol. 2018;72:330-43.
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JELIS: EPA Reduced Major Coronary Events* in
Hypercholesterolemic Patients on Statins

Statin + EPA 1.8g/day

HR (95% Cl): 0.81 (0.69-0.95)
P=0.011

No. at Risk0 (1] 1 2 3 4 5 Years
Control 9319 8931 8671 8433 8192 7958

EPA 9326 8929 8658 8389 8153 7924

BE
3
3L
c c
o 9
- >
5 W
£
o2
26
s 2
8o
30
=
55
(S
=

N=18,645 Japanese pts with TC 2251 mg/dL prior to baseline statin Rx. Baseline TG=153 mg/dL. Statin up-titrated to 20 mg
pravastatin or 10 mg simvastatin for LDL-C control.

*Primary endpoint: Sudden cardiac death, fatal and non-fatal MI, unstable angina pectoris, angioplasty, stenting, or coronary artery bypass graft.
Yokoyama M et al. Lancet. 2007;369:1090-8.

Randomized Controlled Trials and Prospective Cohort
Studies of EPA+DHA or EPA-Only vs CHD Risk

Subjects with baseline TG levels >150 mg/dL

Author, year RR (95% Cl)
Singh, 1997

Von Schacky, 1999

Marchioli, 2001

Yokoyama, 2007*

Einvik, 2010

Roncaglioni, 20

T
0.2 0.5 1.0 2 5
Favors EPA+DHA Favors Control

Alexander DD et al. Mayo Clin Proc. 2017;92:15-29. *EPA-only.

JELIS: Larger Decrease in MACE in those with TG >150

mg/dL & HDL-C <40 mg/dL*

HR: 0.47
95% ClI: 0.23-0.98

P=0.043
Control

group

coronary events (%)

=
2
©
£
-
)
@
o
=
]
3
]
£
o
=
s
&
S
E
S
o

No. of patients
Control 475 444 432
EPA 482 455 443

*Pre-specified. Saito Y et al. Atherosclerosis. 2008;200:135-40.

HR and P-value adjusted
for age, gender, smoking,
diabetes, and HTN

EPA 1.8 g/day group

4

400
413

Lack of Apparent Effect of OM-3 on ASCVD May be Due to Low-
Doses, Use of Dietary Supplements, or Lack of HTG Subjects

“... omega-3 fatty acids had no significant association with fatal or nonfatal coronary

heart disease or any major vascular events.”

Study (Year) DE::I(?"';%) EPA / DHA Source

:

Aung T et al. JAMA Cardiol. 2018;3:225-34.

ravors | ravers
Source Treatment | Control

Coronary Heart Disease
Nonfatal MI
CHD death
Any

Stroke
Ischemic
Hemoerhagic
Underclassified/Other
Any

Revascularization
Coronary
Noncoronary
Any

Any major vascular event

0 10
Rate Ratio
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Low-Moderate Dose Omega-3 FA CV Outcomes Trials CV Outcomes Trials in Patients with HTG

] REDUCE-IT* STRENGTH* PROMINENT*

Age EPA (EE) EPA+DHA (FFA) SPPARMa — Pemafibrate

Dose 4g/d 4g/d 0.2 mg bid
N ~8000 Estimated 13,000 Estimated 10,000
245 ylo >18 ylo >18 ylo

T2DM only
CVD (2/3) or
1CVD risk (1/3)

Follow-up 4-6 years (planned) 3-5 years (planned) 5 years (planned)

Moderate- / high-intensity or
0, | Y -
M 100% (@t LDL-C goa) 100% (@t LBL-C goan LDL <70 mg/dL
Primary Endpoint Expanded MACE Expanded MACE Expanded MACE

Entry TG 200-499 mg/dL 200-499 mg/dL 200-499 mg/dL
Entry HDL-C N/A <40 mg/dL M, <45 mg/dL W <40 mg/dL

VITAL ASCEND RESPECT-EPA
AHA Nov 2018 ESC Aug 2018 Q4 2019
m
Pa US adults (no elevated cancer or Patients with diabetes, Statin-treated patients
Popula CVD risk) no initial CV event with CAD

CVD (70%) or CVD (50%) or
1CVD risk (30%) 1CVD risk (50%)

Risk Profile

T Vitamin D 2000 1U/d Aspirin 100 mg/d EPA 1800 mg/d + statin
(2] = Omacor (Lovaza) 1 g/d (2X2) Omacor (Lovaza) 1 g/d (2X2) vs Statin alone

Cancer and major CVD events CV events (composite) CV events (composite)
(composite) FAILED to show benefit P
“Locations: International sites; Statistics: Powered for 15% RRR.

ASCEND: NCT00135226; RESPECT-EPA: UMIN0000120689 (https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000002496); VITAL: NCT01169259. http://www.clinicaltrials.gov; REDUCE-IT: NCT01492361; STRENGTH: NCT02104817; PROMINENT: NCT03071692.

REDUCE-IT: Reduction of CV Events with Primary Endpoint:
Icosapent Ethyl — Intervention Trial CV Death, M, Stroke, Coronary Revasc, Unstable Angina

+ Men and women 245 years of age ) Hazard Ratio, 0.75

+ Established CHD or at high risk Primary Endpoint (95% ClI, 0.68-0.83)
for CHD (diabetes + 21 risk factor) Prevention of 1st major CV event o

+ Atherogenic dyslipidemia Omega-3 + Stable Statin Therapy > (MACE); defined as: RRR = 24.8%

ARR = 4.8%

— All patients required to be on stable CV death
NNT = 21 (95% Cl, 15-33)

Placebo

i *  Nonfatal MI
statin therapy for at least 4 weeks Placebo + Stable Statin Therapy : Ng:{:[:‘ T
LDL-C >40 mg/dL and <100 mg/dL

dLa + Coronary revascularization
prior to randomization into the study |—'—| o U A
~ TG 2200 mg/dL hospitalization
Study duration = 4-6 years

Icosapent Ethyl P=0.00000001

Patients with an Event (%)

Randomized, double-blind, parallel-group design

Secondary outcome measures: incidence of additional CV events, lipid and lipoprotein levels,
subgroup analyses such as patients with diabetes, etc.

International trial; first patient dosed in December 2011

All potential endpoint events adjudicated by blinded Clinical Endpoint Committee
Years since Randomization

Bhatt DL, Steg PG, Brinton E, et al. Clin Cardiol. 2017; 40:138-48. Bhatt DL, Steg PG, Miller M, et al. N Engl J Med. 2018. Bhatt DL. AHA 2018, Chicago.
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cn Placebo R (95%Cl) Int PVal
AN NG

Primary
Endpoint in
Subgroups

Key Secondary Endpoint:
CV Death, MI, Stroke

Hazard Ratio, 0.74
(95% Cl, 0.65-0.83)
RRR = 26.5%
ARR = 3.6%
Placebo NNT = 28 (95% Cl, 20-47)
(72 P=0.0000006

B
b
c
o
>
w
c
©
F-1
x
H
2
c
g
£
o

Icosapent Ethyl

it [t | ¢t # b | h [ it ++ h il ‘p fot

Years since Randomization

Bhatt DL, Steg PG, Miller M, et al
N Engl J Med. 2018,

02 0 14 18
Icosapent Ethyl Better _Placebo Better

Bhatt DL, Steg PG, Miller M, et al. N Engl J Med. 2018. Bhatt DL. AHA 2018, Chicago.

Prespecified Hierarchical Testing Treatment-Emergent Adverse Events

Endpoint Hazard Ratio Ethyl Placebo Hazard Ratio (95% Cl) RRR  P-value
(95% CI) n/N (%) /N (%)

Primary Composite (ITT) - 705/4089 (17.2%) 901/4090 (22.0%) | 0.75(0.68-0.83)  25%¥ <0.001 Icosapent Ethyl  Placebo
Key Secondary Composite (ITT) — 450/4089 (11.2%) 606/4090 (14.8%) | 0.74 (0.65-0.83)  26%V <0.001 &

- i i 0, 0, [
GardoussodarDeathor I —— Subjects with at Least One TEAE, n (%) 3343 (81.8%) 3326 (81.3%) 0.63
Fatal or Nonfatal Myocardial Infarction ——— 25014089 (6.1%) ~ 355/4090 (8.7%) | 0.69 (0.58-0.81)  31%V  <0.001 Serious TEAE 1252 (30.6%) 1254 (30.7%) 0.98

; o o u y TEAE Leading to Withdrawal of Stud
Urgent or Emergent Revascularization — 216/4089 (5.3%)  321/4090 (7.8%) | 0.65(0.55-0.78)  35%V <0.001 D g y 321 (7.9%) 335 (8.2%) 0.60
Cardiovascular Death — 17414089 (4.3%) 213/4090 (5.2%) | 0.80 (0.66-0.98)  20%V  0.03 9
Hospitalization for Unstable Angina —_— 108/4089 (2.6%) 157/4090 (3.8%) | 0.68 (0.53-0.87) 32%V¥  0.002 Serious TEAE Leading to Withdrawal of 88 (2.2%) 88 (2.2%) 1.00
Study Drug
Fatal or Nonfatal Stroke [ — 98/4089 (24%) 13414090 (3.3%) | 072(0.55-093)  28%V  0.01 . .
Total Mortalt. Nonfatal Myocardial Serious TEAE Leading to Death 94 (2.3%) 102 (2.5%) .
I:,:mﬁ(;’nvao'ry,;mrf’f;‘(zlasm{f’ecar L —- 549/4089 (13.4%) 690/4090 (16.9%) | 0.7 (0.69-0.86) 23%V  <0.001 ——— s
Total Mortality —_— 274/4089 (6.7%) ~ 310/4090 (7.6%) | 0.87 (0.74-1.02)  13%V  0.09
r . :

0.4 1.0 1.4 RRR denotes relative risk reduction
Icosapent Ethyl Better Placebo Better

Bhatt DL, Steg PG, Miller M, et al. N Engl J Med. 2018.

Bhatt DL. AHA 2018, Chicago. Bhatt DL, Steg PG, Miller M, et al. N Engl J Med. 2018.
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Treatment-Emergent Adverse Event of Interest: Most Frequent Treatment-Emergent Adverse Events:
Serious Bleeding 25% in Either Treatment Group and Significantly Different

Icosapent Ethyl Placebo
(N=4089) (N=4090) P-value

Bleeding related disorders 111 (2.7%) 85 (2.1%) 0.06
7 (1.1%) 0.15
0(0.2%) 0.42
30 (0.7%) 0.19

Icosapent Ethyl Placebo
Preferred Term N=4089 N=4090 P-value

Diarrhea 367 (9.0% 453 (11.1%) 0.002

1.5% 203 (5.0% 0.002

Gastrointestinal bleeding 5%)
.3%)
)

Peripheral edema 267 (6.5%
Constipation 221

(
Central nervous system bleeding 14 (0
(

Other bleeding 41 (1.0%

0.003

+ No fatal bleeding events in either group Anemia 191 (4.7% 236 (5.8% 0.03

+ Adjudicated hemorrhagic stroke - no significant difference between treatments
(13 icosapent ethyl vs 10 placebo; P=0.55)

)
) )
5.4%) 149 (3.6%) <0.001
) )
) )

( (

( (
Atrial fibrillation 215 (5.3% 159 (3.9%

( (

Bhatt DL, Steg PG, Miller M, et al. N Engl J Med. 2018.

Bhatt DL, Steg PG, Miller M, et al. N Engl J Med. 2018.

Conclusions Relative Risk Reductions (RRR) of Primary Endpoint in
Recent CV Trials of Lipid or Inflammation Targeted Therapies

i i i ifi Cardiovascular Outcomes Trial | Active . RRR
reduced important CV events by 25%, including:
0, . a . Cholesterol absorption inhibitor
* 20% reduction in death due to cardiovascular causes IMPROVE-IT (2015) Ezetimibe 18,144 ACS patients o
* 31% reduction in heart attack PCSK inhibitor
0, A A FOURIER (2017) Evolocumab | 27,564 pts with ASCVD+LDL-C>70 mg/dL 15
* 28% reduction in stroke ODYSSEY OUTCOMES (2018) | Alirocumab | 18,924 ACS patients 15

Low rate of adverse effects, including: I beta inhibitor -_
. Ay . . . . . CANTOS (2017, Canakinumab | 10,061 stable ACS pts + hsCRP 22 mg/L
+ Small but significant increase in atrial fibrillation/flutter . 20 e
T a am a q a q ETP inhibitor
* Non-statistically significant increase in serious bleeding !
H q H Omega-3 fatty acid
Consistent efficacy across muiltiple subgroups 817 Pis 71% ASCVD, 26% igh CVD risk + T20M

* |nC|Ud|ng base“ne trlg|yCGFIdGS from 1 35'500 mg/dl— Note,' these cross-trial cpmar.isons are very rough, at best, due to differences in subject populations, primary outcome
+ Including secondary and primary prevention cohorts differences, and ofher (rial design aspects

Cannon CP et al. N Engl J Med 2015;372:2387-97. Sabatine MS et al. N Engl J Med. 2017;376:1713-22. Schwarz GG et al N Engl J Med. 2018. [epub ahead of print Nov. 7]. Ridker PM et al.
N Engl J Med. 2017;377:1119-31. The HPS3/TIMI55-REVEAL Collaborative Group. N Engl J Med. 2017; 377:1217-27. Bhatt DL et al. N Engl J Med. 2018. [epub ahead of print Nov. 10]
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Personalized Treatment Hypothesis in CAD

Known Cardiovascular Disease
LDL 150 mg/dL, TG 250 mg/dL, non-HDL-C 180 mg/dL
hsCRP 4.5 mg/L

High-intensity Statin

“Residual Lipid Risk” “Residual Inflammatory Risk”

{LDL-C, TG

LDL-C 1TG, TTGRLs R

(TNon-HDL-C)

| | }

Additional Additional TG 4 Additional
LDL-C ¢ Inflammatory |

Prescription EPA?

Non-Prescription Omega-3

Fatty Acids

Michael Miller, MD

Dietary Supplement Omega-3 FA Are Popular But @
Are Not FDA-Regulated (only Rx forms are regulated)

Fish oil: Among the most commonly used dietary supplements by
US adults’

— Global sales may reach $3.3 billion by 2020

— 19 million (8%) took fish oil dietary supplement in previous 30 days?

There are no omega-3 OTC products in US (just prescription or
dietary supplements)

Dietary supplements are not FDA regulated. Content and efficacy
often remain unverified.3

1. Barnes PM et al. National Health Statistics Reports. 2008;12:1-24.
2. NIH NCCIH. Available at: https://nccih.nih.gov/health/omega3/introduction.htm
3. Mason RP. Biochem Biophys Res Commun. 2017;483 :425-429.

Prescription vs Dietary Supplement Omega-3 FA %&)

ieta u ements

FDA approval Yes Yes

. Variable EPA + DHA (vs few pure EPA)
Ingredients “ E2AG L + other PUFAs and saturated FA
Omega-3 per capsule 0.98 g 0849 Usually 0.2-0.4 g EPA; 0.1-0.3 g DHA

ga-3 p p
Capsules/day to provide 4 g omega-3 —“ Usually 10-20

Purity/efficacy & safety tested Yes Yes

Recommended dose (AHA recommendation before Rx available)
- General: Eat oily fish or 1 g/day
« Prior CHD: 1-2 g/day (or >2 g/day directed by health care provider)
- For {TG: 24 g/day directed by health care provider
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Achieving a Recommended 4 g Daily Dose of Omega-3 with
Common Fish Oil Supplements

Leading fish oil dietary supplement Leading krill oil dietary supplement

Courtesy of P. Mason, AHA-2017 presentation.

Fish-Oil Supplements Often Have
Less Omega-3 Than Stated on the Label

=

(4.2

o
1

Claimed content

% label n-3 PUFA content

123 466 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Fish oil product

Albert BB et al. Sci Rep. 2015;5:7928

Leading Dietary Supplement Fish Oils Have
Highly Saturated and Oxidized Fatty-Acid Content

TOTOX is total oxidation value?

Industry-
Standard
-4-4-}-1 | Oxidation
DS2 DS3 DS4 Upper
Normalizedto Rxw-3FA  Dietary Supplements Limit
9%
21% isa clear fluid

’ ) . .
Leading Fish Oil Supplement High saturated-fat

erA [ saturated Fats \ - content shown by
DHA Unsaturated Fats \ solidity of FFA at
room temperature

Dietary-stipplement Fish-

1. Mason RP. Biochem Biophys Res Commun. 2017;483 :425-429. Oil forms'a solid mass'
2. Mason RP et al. Poster presented at the AMCP 2015 Nexus. Orlando, FL

Summary of Fish-Oil Dietary Supplements:
Right for CV Patients?

FDA Product Classification' —> Food

Clinical TrialssFDA —> Not Required
Pre-Approval’
Difficult to achieve AHA recommended OM-3 dosing

May contain high saturated fat content

Content & Purity?8 Advertised omega-3 content may be overstated

Often contain oxidized fatty acids which
may increase CV risk

Might contain PCBs and dioxins at
harmful concentrations
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Dietary Supplement Omega-3 not Recommended to
Treat Serious Medical Conditions

APhA

“While omega-3 dietary supplements can be an important part of consumer
wellness, unlike regulated prescription and OTC drugs, dietary supplements are
not required to meet strict FDA drug standards for safety, efficacy, and
manufacturing and are not intended to treat serious medical conditions like VHTG.
Patients should consult with their doctor about appropriate FDA-approved drug
therapy.™

ADA Standards of Medical Care in Diabetes — 2017

“Randomized controlled trials also do not support recommending
omega-3 supplements for primary or secondary prevention of CVD."?

1. Agarwal P. American Pharmacists Association Web site. https://www.pharmacist.com/apha-convenes-stakeholders-appropriate-omega-3-fish-oil-use-vht
Published April 21, 2015.
2. ADA Standards of Medical Care - 2017. Diabetes Care. 2017;40(Suppl 1):51-S135.

Case Study and Q&A

Michael Miller, MD
James A. Underberg, MD, MS

Summary

* Guidelines and Recommendations
— Optimal TG level is <100 mg/dL
— Appropriate nutrition and physical activity in all
— Medical Rx for very high TG (>500 mg/dL) to help prevent pancreatitis
— Medical Rx for TG 200-500 mg/dL, consider in high-risk patient on statin (see below)

* Recommended Medical Rx
— Statins (for all high risk with TG 200-500 mg/dL, unless statin-intolerant)
— Fenofibrate*
— Omega-3t (no dietary supplements for therapy)
— Niacin difficult to use and no longer recommended

*HTG/low HDL-C subgroups had +CVD—T2DM cohort. tJELIS showed {CVD, HTG/low HDL-C subgroup especially positive.

Case: 69-yo Hispanic Woman on Medicare with Insulin
Resistance, CHD, HTN, and Moderate HTG

S/P: MI 4 yrs prior, started on atorvastatin 40 mg/d. Repeat PCI 3 months ago,
started on ezetimibe.

Meds: Enalapril 10 mg/d, HCTZ 25 mg/d, atorvastatin 40 mg/d, ASA 81 mg/d,
clopidogrel 75 mg/d, ezetimibe 10 mg/d

Exam: BMI=29 kg/m?, BP=149/86 mm Hg, Waist=41", non-smoker

Labs:
Alc 6.4% LDL-C 65 mg/dL
Glucose 123 mg/dL HDL-C 50 mg/dL
TC 168 mg/dL Non-HDL-C 118 mg/dL
TG 265 mg/dL

ASA=aspirin; MI=myocardial infarction; PCl=percutaneous coronary intervention.
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She now comes to visit you for a F/U, asking:

“What else should | do?”

“Am | still at risk of having heart problems?”

“What about my triglycerides?”
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