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• Review current blood cholesterol guideline 
recommendations (ACC/AHA and LAI)

• Discuss new lipid lowering therapies

• Take Home Points

OUTLINE
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• Leading cause of death (~28% of all deaths)

• Cardiovascular disease (CVD) occurs earlier (10 years) compared to 
Western populations

• In Western countries, only 23% of CVD deaths occur before the age of 70; 
in India, it is 52%

• It is predicted that India will have the highest number of CVD deaths in 
the world by 2030

CARDIOVASCULAR DISEASE IN INDIA- PUBLIC HEALTH 
EMERGENCY
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HIGH LDL CHOLESTEROL IS A LEADING CAUSE OF 
DEATH AND DISABILITY IN INDIA

Lancet 2020;396:1204–22.
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US CV MORTALITY RATES: ASIAN INDIANS HIGHEST!

Shah NS et al. Circ Cardiovasc Qual Outcomes 2022.
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• 64 year old Indian man with history of CAD (PCI 5 years ago), hypertension, 
hyperlipidemia, and diabetes mellitus who presents for follow-up. 

• Exam: 

• BP 132/78; HR 72 (sinus); 98% RA; RR 14; BMI 35.1 kg/m2

• JVP 6cm, lungs clear, 2/6 holosystolic ejection murmur, no edema

• Medications: Aspirin 81 mg, atorvastatin 80 mg, HCTZ 25 mg, lisinopril 40 mg, 
metformin 1 g twice daily, empagliflozin 10 mg daily

• Labs:

• Total cholesterol: 145 mg/dL

• LDL-C: 60 mg/dL

• HDL: 50 mg/dL

• TG: 185 mg/dL

• HbA1c: 6.1%

CASE PRESENTATION
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CASE PRESENTATION- WHAT DO YOU DO NEXT?

A. No changes, lipids look good!

B. Add ezetimibe

C. Add fenofibrate

D. Add icosapent ethyl 

E. Switch from atorvastatin 80 mg to rosuvastatin 40 mg daily

F. Add PCSK9 inhibitor

A B C D E F

36.84%

31.58%

2.63%
0%

13.16%
15.79%
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2018 ACC/AHA BLOOD CHOLESTEROL GUIDELINE

Arnett et al. JACC 2019.
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2018 ACC/AHA BLOOD CHOLESTEROL GUIDELINE

Arnett et al. JACC 2019.
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2022 ACC/AHA EXPERT DECISION PATHWAY: NON-
STATIN THERAPIES

https://doi.org/10.1016/j.jacc.2022.07.006
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CURRENT LIPID LOWERING GUIDELINE RECOMMENDATIONS

J Am Coll Cardiol 2022;79:1304–1313.



1414

2022 LIPID ASSOCIATION OF INDIA GUIDELINES

J Assoc Physicians India 2022;70:67–75.
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2022 LIPID ASSOCIATION OF INDIA GUIDELINES

J Assoc Physicians India 2022;70:67–75.
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NO ASCVD RISK CALCULATOR FOR ASIANS
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USE OF STATIN THERAPY IS LOW: <50%!

J Am Coll Cardiol. 2022;79(18):1802–1813.
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NEW LIPID LOWERING THERAPIES

European Heart Journal, 2022;, ehab841, https://doi.org/10.1093/eurheartj/ehab841

https://doi.org/10.1093/eurheartj/ehab841
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NEW TARGETS FOR LIPID LOWERING THERAPIES

European Heart Journal, 2022;, ehab841, https://doi.org/10.1093/eurheartj/ehab841

https://doi.org/10.1093/eurheartj/ehab841


2020

CAUSAL EVIDENCE FOR LIPID PATHWAYS AND CV 
DISEASE

European Heart Journal, 2022;, ehab841, https://doi.org/10.1093/eurheartj/ehab841

https://doi.org/10.1093/eurheartj/ehab841
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NEW TARGETED DELIVERY MECHANISMS

European Heart Journal, 2022;, ehab841, https://doi.org/10.1093/eurheartj/ehab841

https://doi.org/10.1093/eurheartj/ehab841
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• Approved in the US as adjunct to maximally-tolerated statin therapy for HeFH or 
established ASCVD patients

• Inhibits ATP citrate lyase (upstream of HMG-CoA reductase)

• Lowers LDL-C by 17-25% 

• Available in combination with ezetimibe (lowers LDL-C up to 38%)

• More liver-specific than statins- Pro-drug converted to active form in hepatocytes

• No outcome study yet! (CLEAR OUTCOMES)

• Warnings/Precautions

• Hyperuricemia: higher risk in those with history of gout (consider monitoring uric acid 
levels)

• Tendon rupture: avoid if prior history

• Avoid with simvastatin dose >20 mg and pravastatin dose >40 mg

BEMPEDOIC ACID
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NEW TARGETED PCSK9 INHIBITOR THERAPIES

Michos ED et al. N Engl J Med 2019; 381:1557-1567.
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• Anti-PCSK9 si-RNA recently approved in the US as adjunct to statin 
therapy for:

• Adults with heterozygous familial hypercholesterolemia (HeFH)

• Overt atherosclerotic cardiovascular disease (ASCVD) who require 
additional lowering of low- density lipoprotein cholesterol (LDL-C)

• Reduces LDL-C ~50% with twice yearly SC injections

• Injection site reactions ~5%

• Awaiting results of ORION-4 (secondary prevention trial)

INCLISIRAN
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PCSK9 INHIBITORS- GENE EDITING
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• Triglyceride-rich lipoproteins include remnant lipoproteins- chylomicron 
remnants, VLDL, and IDL

• Atherogenicity due to delivery of cholesterol to foam cells?

• Pro-inflammatory effect of remnant particles

• Lipoprotein lipase (LPL) is a key regulator of triglyceride levels

• Releases free fatty acids from triglycerides reducing triglyceride concentrations

• Genetic variants that lower LPL activity increase triglyceride-rich lipoproteins and 
are associated with increased CV events

• Apolipoprotein C-III, ANGPTL3 and 4

TRIGLYCERIDE RICH LIPOPROTEINS- A NEW TARGET

European Heart Journal, 2022;, ehab841, https://doi.org/10.1093/eurheartj/ehab841

https://doi.org/10.1093/eurheartj/ehab841
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TRIGLYCERIDE RICH LIPOPROTEINS- A NEW TARGET

European Heart Journal, 2022;, ehab841, https://doi.org/10.1093/eurheartj/ehab841

https://doi.org/10.1093/eurheartj/ehab841
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• Monoclonal antibody directed again ANGPTL3

• In patients with Ho-FH (ELIPSE-HoFH study), lowered LDL-C by 
49% (LDL-receptor independent pathway), triglycerides by 55%

• Approved in US for LDL-C lowering for Ho-FH patients

• IV infusion every 4 weeks

• Cost- $450,000/year (US dollars)

EVINACUMAB

N Engl J Med 2020; 383:711-720.



2929

• Anti-sense oligonucleotide directed against ANGPTL3

• Blocks hepatic synthesis

• Drug development halted January, 2022 due to safety signal, poor 
results

• TRANSLATE-70 Trial presented as LBCT at ACC.22

• Small-modest reductions in non-HDL-C (22-27%) and LDL-C levels (7.9-
16%)

• Significant increase in liver fat fraction (76%) and 3x LFT elevations

VUPANORSEN

Circulation. 2022;145:1377–1386. 
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• Antisense oligonucleotide targeting apolipoprotein C-III

• Approved by EMA for treatment of familial 
chylomicronaemia syndrome (FCS)

• In patients with hyperchylomicronaemia, lowered 
triglycerides by >70%
• Caused injection-site reactions in almost a quarter of patients

VOLANESORSEN
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• A unique form of LDL where Apo(a) binds to ApoB surrounding LDL 
particles

• Genome wide association studies (GWAS) and Mendelian 
randomization studies demonstrate causality of Lp(a) in ASCVD and 
calcific aortic valve disease

• Statins do not lower Lp(a)

• PCSK9i and niacin can lower Lp(a) ~30%

LIPOPROTEIN (a)- AN OLD BUT NEW THERAPEUTIC 
TARGET



• Lp(a) is produced in the liver and has two 

main components joined by a covalent 

disulfide bond1,2 

– A lipid core moiety that is an LDL-like 

particle containing apolipoprotein B-100, 

which is proatherosclerotic1,2

and

– A single molecule of apolipoprotein(a)1-3

Lp(a): Nuts and Bolts

Lp(a) differs from LDL in that Lp(a) contains a molecule of apo(a)1,2

apo, apoprotein; KI, kringle type I; KII, kringle type II; KIII, kringle type III; KIV, kringle type IV; KV, kringle type V; Lp(a), lipoprotein (a).

1. Cai A, et al. Dis Markers. 2013;35(5):551-559. 2. Tsimikas S. J Am Coll Cardiol. 2017;69:692-711. 3. Jawi MM, et al. J Lipids.2020:1-26. doi.org /10.1155/2020/3491764.   

Lp(a) molecule1-3

Apo(a) Phospholipid Monolayer

Triglycerides

Cholesteryl Esters

Free Cholesterol

Apo B-100

Protease Similar Domain

Phospholipid



Lp(a) Has Several Pathogenic Mechanisms that may Affect CV Risk

EC binding

Upregulation of adhesion molecules

SMC proliferation

Proteoglycan matrix binding

Foam/cell formation

Necrotic core formation

Lesion calcification

Proatherogenic Prothrombotic

Plasminogen activation

Fibrin degradation

EC PAI-1 expression

TFPI activity

Platelet responsiveness

Pro-inflammatory

Macrophage IL-8

expression
Monocyte cytokine

release

Oxidized 

Phospholipids

Monocyte 

chemotaxis/transmigration Carries MCP-1

EC, endothelial cell; IL, interleukin; Lp(a), lipoprotein(a); MCP, monocyte chemoattractant protein; PAI, plasminogen activator inhibitor; SMC, smooth muscle cell; TFPI, tissue factor pathway inhibitor.

Tsimikas S. J Am Coll Cardiol. 2017;69:692-711. 
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African and South Asian individuals generally have higher levels of Lp(a)

~1.4 Billion People Globally Have 
Elevated Lp(a) Levels > 50 mg/dL

Africa

20%
73M

15%
97M

20%
148M

30%

376M 20%
8.1M

Oceania

North

America

Latin

America

10%
261M

25%

469M

Asia

South
Asia

Europe

Lp(a), lipoprotein(a); M, millions. 

AHA, American Heart Association; ACC, American College of Cardiology; M, millions 

Tsimikas S. J Am Coll Cardiol. 2018;71:177-192.  



Elevated Lp(a) is Associated with Various Disease States

Disease associations were determined using logistic regression data from UK Biobank, adjusted for age, sex, and 10 other key 

components, with the exception of chronic kidney disease, which was determined using statistics from CKDGen

Lp(a), lipoprotein(a)

Emdin CA, et al. J Am Coll Cardiol. 2016;68:2761-2772. 

Stroke

Heart failure

Peripheral

Vascular Disease

Coronary

Heart Disease

Aortic Valve 

Stenosis

Chronic

Kidney Disease
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• Anti-sense oligonucleotide directed against apolipoprotein(a) 
and lowers Lp(a) by 60-80%
• No significant safety signal in early studies

• Lp(a) HORIZON Trial is a secondary prevention study 
currently enrolling patients with history of prior MI, stroke, 
PAD

PELACARSEN
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• si-RNA directed against apolipoprotein(a) and lowers Lp(a) 
up to 80% at 113 days in Phase 1 clinical trial

• No significant safety concerns

• Phase 2 dose finding study ongoing 

OLPASIRAN

Circulation. 2020;142:A13951
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• si-RNA directed against apolipoprotein(a) and lowers Lp(a) 
up to 81% at 5 months

• Phase 1 APOLLO Trial presented at ACC.22
• Single ascending dose study with SC injection

• No safety signal

SLN360- APOLLO TRIAL

JAMA. 2022;327(17):1679-1687.
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• 64 year old Indian man with history of CAD (PCI 5 years ago), hypertension, 
hyperlipidemia, and diabetes mellitus who presents for follow-up. 

• Exam: 

• BP 132/78; HR 72 (sinus); 98% RA; RR 14; BMI 35.1 kg/m2

• JVP 6cm, lungs clear, 2/6 holosystolic ejection murmur, no edema

• Medications: Aspirin 81 mg, atorvastatin 80 mg, HCTZ 25 mg, lisinopril 40 mg, 
metformin 1 g twice daily, empagliflozin 10 mg daily

• Labs:

• Total cholesterol: 145 mg/dL

• LDL-C: 60 mg/dL

• HDL: 50 mg/dL

• TG: 185 mg/dL

• HbA1c: 6.1%

CASE PRESENTATION
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CASE PRESENTATION- WHAT DO YOU DO NEXT?

A. No changes, lipids look good!

B. Add ezetimibe

C. Add fenofibrate

D. Add icosapent ethyl 

E. Switch from atorvastatin 80 mg to rosuvastatin 40 mg daily

F. Add PCSK9 inhibitor
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2022 ACC/AHA EXPERT DECISION PATHWAY: NON-
STATIN THERAPIES

https://doi.org/10.1016/j.jacc.2022.07.006
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2022 LIPID ASSOCIATION OF INDIA GUIDELINES

J Assoc Physicians India 2022;70:67–75.
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• Cardiovascular disease is the leading cause of death worldwide

• Major blood cholesterol guidelines recommend statin therapy as the 
primary treatment to reduced ASCVD risk

• Statins are cheap but underutilized!

• Ezetimibe and PCKS9i (alirocumab and evolocumab) reduce ASCVD 
events in high risk patients

• Should be considered 2nd and 3rd line treatments to achieve LDL targets

TAKE HOME POINTS
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• Bempedoic acid (approved in India) and inclisiran are approved in the 
US to achieve LDL-C targets in high risk populations, but no outcome 
data are available

• New targeted therapies against triglyceride-rich lipoproteins and 
lipoprotein(a), including anti-sense oligonucleotides and si-RNAs, are in 
various stages of development

• Cost and access to therapies will be key challenges

• Vaccines and gene-editing technologies are in development

TAKE HOME POINTS
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THANKS!

Eugene Yang, MD, MS, FACC 

Email: eyang01@uw.edu

Website: http://wwww.uwmedicine.org/bios/eugene-yang
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