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Lipoprotein(a)
A highly prevalent untreated risk factor for cardiovascular disease & aortic stenosis

• Lp(a) levels are genetically determined at birth

• Elevated Lp(a) levels cause cardiovascular disease 

through multiple mechanisms

• Atherogenicity through LDL moiety

• Anti-fibrinolytic activity

• Pro-inflammatory effects of oxidized phospholipids

• Elevated levels are recognized as a major untreated 

cardiovascular risk factor

• No approved pharmacological therapies



Genetics of LPA gene, Relationship to Plasminogen, Oxidized 
Phospholipids and Clinical Phenotypes

4

Tsimikas JACC 2017;69:692-711 Emdin et al JACC 2016;68:2761-72

There are over 40 isoforms of Lp(a) 
ranging from 1 to > 40 KIV2 repeats.  

Schmidt et al JLR 2016;57:1339-59

Kare Berg, 1963. A New serum type 
system in man--the Lp system. Acta 
Path Microbiol Scand 59: 369-382. 



Tsimikas et al JACC 2018;71:177-192

Lp(a) Metabolism



Determination of Lp(a) plasma levels by LPA gene variation

Schmidt et al JLR 2016;57:1339-59



Relationship of Apo(a) Isoform Size to Lp(a) Levels in Black, White, and 
Hispanic Subjects in Dallas Heart Study

Tsimikas et al Circ 2009;119:1711-1719



Prevalence of Lp(a) Levels in United States and, by Inference, 
Globally
Data derived from a US laboratory Database in 531,144 patients

Varvel et al.  Arterioscler Thromb Vasc Biol 2016;36:2239-45.

Lp(a) distribution in general population extrapolated from the 

graph

Lp(a) levels >30 mg/dL >60 mg/dL >90 mg/dL >116 mg/dL >180 mg/dL

Prevalence 35% 20% 10% 5% 1%

US 112,000,000 64,000,000 32,000,000 16,000,000 3,200,000

EU 262,500,000 150,000,000 75,000,000 37,500,000 7,500,000

Globally 2,450,000,000 1,400,000,000 700,000,000 350,000,000 70,000,000

Estimated prevalence assumes    

320 million in US, 750 million in EU 

and 7 billion globally



Genetic Determinants of CAD
63,746 cases/130,681 controls - 46 loci and 104 independent variants for CAD 

LPA Gene

The most significant are genes involved in lipid metabolism and inflammation



Elevated Lp(a) Causally Mediates CVD
Primary Care Settings

Tsimikas JACC 2017;69:692-711

1.3 million patient-yrs
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Elevated Lp(a) is Associated with CVD Events in Patients on 
Statins and PCSK9 Inhibitors

Bittner VA et al. Am Coll Cardiol. 2020;75:133-144Willeit et al. Lancet 2018;392:1311-20 
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What are the mechanisms through which Lpa) mediates 
CVD and Aortic Stenosis?

Tsimikas JACC 2017;69:692-711 12



Lp(a)-OxPL are present in advanced atherosclerotic lesions

Initial Angiogram Post stent with distal 
protection device

Atheroma Debris

Lp(a)                                   OxLDL OxPL LC-MS/MS of POVPC

13van Dijk RA et al. J Lipid Res. 2012;53:2773-90, Ravandi A et al J Am Coll Cardiol. 2014;63:1961-71



OxPL-apoB Levels and CVD Outcomes  
HR/ORs for CAD, PAD, CVA compared to lowest levels

14OxPL-apoB is now available for clinical use at Boston Heart Diagnostics



Association of Aortic stenosis and Lp(a)-OxPL 
Seven Recent Studies 

15



Progression of aortic stenosis according to Lp(a) 
and OxPL levels 

Capoulade et al JAMA Cardiol 2018;3:1212-1217

1/3rd of patients with aortic stenosis have elevated Lp(a) 

16



Elevated Lp(a) and OxPL-apoB Predict the Need for AVR

Models adjusted for age, 

male gender and 

baseline Vpeak

17
Capoulade et al JAMA Cardiol 2018;3:1212-1217
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Clinical Lp(a) assays

Tsimikas et al J Clin Lipidol. 2018;12:1313-23 19

• Lp(a) mass -- normal <30 mg/dL
• Measures apo(a), apoB, cholesterol, 

cholesteryl esters, triglycerides, 

phospholipids and carbohydrates

• Not traceable to a reference system

• Lp(a) molar concentration -- normal 

<75 nmol/L
• Detects apo(a) only

• Traceable to a WHO/IFCC reference 

material

• Lp(a)-Cholesterol -- normal <10 mg/dL
• not validated clinically



Conditions Affecting Plasma Lp(a) Levels

• FH
• Familial defective apolipoprotein 

B-100
• Pregnancy
• Acute phase response (ACS)
• Inflammation
• Rheumatologic conditions (RA, 

Lupus)
• Post menopausal state
• Hypothyroidism
• Growth hormone 
• Chronic renal failure
• Nephrotic syndrome

• Hyperthyroidism
• Severe sepsis
• Estrogens, testosterone
• Biliary obstruction
• Severe liver disease
• Abetalipoproteinaemia
• Lecithin-cholesterol acyltransferase 

(LCAT) deficiency
• Lipoprotein lipase (LPL) deficiency
• Severe hypertriglyceridemia

Increase Decrease

20



Can measuring Lp(a) reclassify risk?

21

Verbeek et al JACC  2017;69:1513-15

Willeit JACC. 2014;64:851-60



The addition of Lp(a) to these risk scores allowed reclassification of 39.6% of individual 
into either lower or higher risk categories depending on the Lp(a) level 

Willeit et al JACC 2014;64:851-60

Lp(a) and Reclassification of Risk
Measuring Lp(a) changes risk category in 4/10 patients

22



Lp(a) Guidelines - 7 Guidelines Recommend Lp(a) Testing
EAS/ESC and Canadian Guidelines recommend every adult have at least 1 Lp(a) levels checked in their lifetime

23Tsimikas S, Stroes ESG. The dedicated "Lp(a) clinic": A concept whose time has arrived? Atherosclerosis. 2020;300:1-9.

Guideline Authors Year Lp(a) risk thresholds

Canadian Cardiovascular 
Society

Anderson et al. 2016 > 30 mg/dL

American Society of 
Apheresis

Stefanutti et al. 2017 > 30 mg/dl (> 45 nmol/L)

ACC/ AHA Task force on 
Clinical Practice Guidelines

Grundy et al. 2019 >50 mg/dL (>125n mol/L)

ESC and ESA Mach et al. 2019 Not defined, but the 2016 ESA/ESA guidelines defined it as > 50 
mg/dL, based on European population thresholds Lp(a) > 180 
mg/dL (> 430 nmol/ L) is defined equivalent for HoFH

NLA Wilson et al. 2019 > 50 mg/ dL or 100 nmol/ L (based on > 80th population percentile 
Caucasians)

Heart UK consensus 
Statement

Cegla et al 2019 Risk thresholds 32-90 nmol/ L minor; 90-200 n mol/ L moderate; 
200-400 nmol/ L; high > 400 nmol/ LL very high



ESC/EAS Guidelines 2019
Statement on Lp(a)

“Lp(a) measurement should be considered at least once in each adult person’s 
lifetime to identify those with very high inherited Lp(a) levels >180 mg/dL 

(>430 nmol/L) who may have a lifetime risk of ASCVD equivalent to the risk 
associated with heterozygous familial hypercholesterolaemia.”

24



Lp(a) ICD-10 code

ICD-10 codes

E78.41 Elevated lipoprotein(a)

Z83.430 Family history of elevated lipoprotein(a)

25

E78.41 is a billable/specific ICD-10-CM code that can be 

used to indicate a diagnosis for reimbursement purposes

The 2020 edition of ICD-10-CM E78.41 became effective on 

October 1, 2019
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Selected Clinically Available Agents or Procedures 
Affecting Lp(a) Levels

Tsimikas S, Moriarty PM, Stroes ES. J Am Coll Cardiol. 2021;77:1576-89 27



Statins increase Lp(a) levels

apoB

28



Increase in Lp(a) and OxPL-apoB Levels from Baseline to 1-
year with Rosuvastatin in ASTRONOMER
Potential Explanation of the failure of statins in aortic stenosis

2

9

Capoulade et al JACC 2015;66:1236-46 29



Statins increase Lp(a) levels
Individual-patient meta-analysis of 5256 patients

Tsimikas et al. Eur Heart J. 2020;41:2275-84. 30



Data from pivotal placebo-controlled studies

Extended-Release Nicotine Acid
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PCSK9i is Poorly Effective in Lowering Lp(a) (14%) and 
Does not Affect Aorta/Carotid 18FDG Uptake
Anitschkow Trial

Stiekema et al Eur Heart J 2019;40:2775-81 32



Reduction in First MACE Events Attributable to Lp(a) 
Lowering with PCSK9i
ODYSSEY OUTCOMES Trial

33



Reduction in Total MACE Events Attributable to Lp(a) 
Lowering with PCSK9i
ODYSSEY OUTCOMES Trial

34Szarek et al Eur Heart J 2020;41:4245-4255



Aspirin and Lp(a)

35Chasman et as Atherosclerosis. 2009;203:371-6.



Aspirin and Lp(a)

36Chasman et as Atherosclerosis. 2009;203:371-6.
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38Tsimikas S, Moriarty PM, Stroes ES. J Am Coll Cardiol. 2021;77:1576-89.



Mechanism of ASO Therapeutic Efficacy, Chemical Modifications, and 
Improvement in Potency

39
Tsimikas S, Moriarty PM, Stroes ES. 

J Am Coll Cardiol. 2021;77:1576-89



Antisense Oligonucleotides Targeting Lp(a)

Tsimikas JACC 2017;69:692-711

40
Prakash et al Nucl Acids Res  2014 42:8796-807

Crooke ST et al Nucl Acid Ther 2019;29:16-3240

+ GalNAc
20-30x

Lp(a) ASO

ED50 122 mg vs 4 mg

30-fold more potent



First Pre-Clinical Studies Documenting ASOs 
Targeting Lp(a)

41

Merki E et al. Circulation 2008;118:743–53              Merki E et al. JACC 2011;57:1611–2



Competed Clinical Trials in Lowering Lp(a) With 
Antisense Oligonucleotides

42Tsimikas S, Moriarty PM, Stroes ES. J Am Coll Cardiol. 2021;77:1576-89



Effects of Pelacarsen on Lp(a), OxPL and Monocyte 
Transendothelial Migration

43
Viney et al. Lancet. 2016;388:2239-53.



• QW = every week; Q2W = every 2 weeks; Q4W = every 4 weeks; R = randomization; SC = subcutaneous.

*Cohorts (SC administration):

20 mg or placebo Q4W
40 mg or placebo Q4W
60 mg or placebo Q4W
20 mg or placebo Q2W
20 mg or placebo QW

Treatment duration: 6-12 months

Five cohorts*,
N per cohort=54, 
randomized 5:1

(45 active, 9 placebo) 

≤4 weeks
Screening 16 weeks follow up

R

The primary endpoint was the mean percent 
change in Lp(a) from baseline to week 25–27 
depending on dose regimen

Secondary endpoints included:

• Mean percent change in OxPL-apoB, OxPL-
apo(a), LDL-C, apoB and the percentage of 
patients reaching Lp(a) <50 mg/dL (<125 
nmol/L)

Tsimikas et al N Engl J Med 2020;382:244-55

Pelacarsen Phase 2 Trial
Study Design and Endpoints



Pelacarsen - mean 80% reduction in Lp(a)
98% of patients reached goals of <50 mg/dL (<125 nmol/L)
No significant differences in liver or renal function or platelet count

Tsimikas et al N Engl J Med 2020;382:244-55 45



Pelacarsen - Significant Reductions in Oxidized 
Phospholipids, LDL-C and ApoB

Tsimikas et al N Engl J Med 2020;382:244-55 46



Estimated Lp(a)-Lowering Effect Size for Reduction in Coronary Heart 
Disease Outcomes Relative to 38.67-mg/dL LDL-C Reduction

47Tsimikas S, Moriarty PM, Stroes ES. J Am Coll Cardiol. 2021;77:1576-89



Lp(a)-HORIZON CVOT - NCT04023552

Study population: 7680 patients with established CVD (prior MI, stroke, PAD) and Lp(a) ≥70 mg/dL with optimal 
therapy for cholesterol lowering and other CV risk factors

Objectives: Demonstrate superiority of TQJ230 80 mg sc monthly vs. placebo in reducing the risk of extended MACE 
(MI, stroke, CV death or urgent coronary revascularization) in the overall study population and in a subpopulation of 
patients with Lp(a) ≥90 mg/dL

Co-Primary Endpoint:
1- Time to first occurrence of MACE (cardiovascular death, non-fatal MI, non-fatal stroke and urgent coronary re-
vascularization requiring hospitalization) in patients with elevated Lp(a) ≥ 70 mg/dL at 4 years
2- Time to first occurrence of MACE (cardiovascular death, non-fatal MI, non-fatal stroke and urgent coronary re-
vascularization requiring hospitalization) in patients with elevated Lp(a) ≥ 90 mg/dL at 4 years

Median F/U: ~4.2 years, minimal 2.5 years, 993 events

Study will be positive if primary endpoint is met in either overall or sub-population



Lp(a) HORIZON- Anticipated Frequency Distribution of Baseline 
and On-Treatment Lp(a) Levels Following Pelacarsen

49Tsimikas S, Moriarty PM, Stroes ES. J Am Coll Cardiol. 2021;77:1576-89
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Lp(a) 
Case Studies

Case #1 



UCSD is a Center of Excellence in Research and Patient Care in Lp(a)
Dedicated “Lp(a) Clinic” since 2014

52

Physician members of the UCSD Lp(a) Clinic:

Michael Wilkinson, MD
Calvin Yeang, MD

Joseph Witztum, MD
Sotirios Tsimikas, MD



Yeang/Witztum/Tsimikas et al Curr Opin Lipidol 2015;26:169-78

53



Existing clinical “LDL-C” assays cannot distinguish 
LDL from Lp(a)

54

Friedewald calculation estimates “LDL-C”, but it includes Lp(a)-C 



Effect of Lp(a) mass on “LDL-C”
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Tsimikas/Stroes: The dedicated ”Lp(a) clinic": A concept whose time has arrived? Athero 2020;300:1-9 55



5

6

• 49 yo female with mild 

obesity, father had MI at 

63, no other CVD risk 

factors

• Presented with ACS, 

small troponin increase

• Angiogram with hazy, 

90% stenosis of LAD, no 

other lesions

• Received 4x33 Xience 

stent, placed on ATV 80, 

documented to be filling 

prescriptions in chart

UCSD Lp(a) Clinic Case 
Lp(a) as a Cause of “Statin Resistance”  

56



5

7

•Lipid panel on presentation: 
• TC-163, LDL-C-85, HDL-51, TG-134

• What is etiology of CAD?

•Placed on 80 mg atorvastatin, lipid panel 6 

months later 
• TC-173, LDL-C-82, HDL-69, TG-110

• Is this statin resistance?

UCSD Lp(a) Clinic Case



5

8 •Lp(a) - 225 mg/dL

•Assume Lp(a) mass is 30% chol, Lp(a)-C is 75 mg/dL

•True “LDL-C = LDL-C – Lp(a)-C”

• 82 - 75 mg/dL = 7 mg/dL

•ATV 80 reduced true LDL-C from 10 to 7 mg/dL, -30% 

reduction

•Placed on niacin, dose slowly increased to 1500 mg/dL

•Lipid panel 5 months later: 

•TC= 141, LDL-C= 46, HDL-C= 76, TG= 94, Lp(a)= 170 mg/dL

•Lipid panel 1 yr later: 

•TC= 110, LDL-C= 34, HDL-C= 56, TG= 98, Lp(a)= 55 mg/dL

UCSD Lp(a) Clinic Case

58



5

9•Elevated Lp(a) is often present in young 

patients with MI, particularly when family 

history is present

•Lack of responsiveness to statin therapy may 

be due to elevated Lp(a)

•If you don’t get the expected decline in LDL-C 

and patient is compliant with medications, 

check an Lp(a) level

UCSD Lp(a) Clinic – Clinical Pearls

59



1) Clinical expression is manifested in all arterial sites and aortic valve

2) Lp(a) in a highly prevalent, independent, genetic risk factor for CVD

3) Risk of Lp(a) is nearly linear to plasma levels

4) Measuring Lp(a) is now recommended in 7 guidelines

5) Patients with elevated Lp(a) have much lower true LDL-C than appreciated

6) Statins often increase Lp(a)

7) PCSK9 inhibitors are weakly effective in patients with Lp(a) >50 mg/dL but may be 
associated with reduction in MACE if Lp(a) is elevated

8) A highly effective therapy has finished phase 2

9) The “Lp(a) Hypothesis” is being tested in the Phase 3 Lp(a) HORIZON CVOT. 

Lp(a)- Conclusions and Take Home Messages



Lp(a)- Multiple Choice Questions

According to the 2018 ACC/AHA Cholesterol guidelines, which 
of the following is a risk enhancer?

A- Lp(a) >30 mg/dL
B- apoB >100 mg/dL
C- triglycerides > 2 mmol/L
D- ankle-brachial index < 1



Lp(a)- Multiple Choice Questions

The data for Lp(a) as a CVD risk factor is stronger in:

A- Secondary prevention
B- Primary prevention
C- Genetic analyses
D- Acute coronary syndromes



Lp(a)- Multiple Choice Questions

For which clinical phenotype does Lp(a) have the strongest 
association?

A- Coronary artery disease
B- Acute myocardial infarction
C- Stroke/TIA
D- Aortic stenosis



Lp(a)- Multiple Choice Questions

What is the best characterization for the pathophysiological 
role of Lp(a) in CVD?:

A- Atherosclerosis via the apolipoprotein(a) component
B- Cholesterol content of the apolipoprotein(a) component
C- Interplay of atherosclerosis, inflammation and antifibrinolytic effects
D- Apolipoprotein(a) component binding to the endothelium



Lp(a)- Multiple Choice Questions

Which biomarker/risk factor would be best measured in a 42 
yo thin male of South Asian ancestry with LDL-C 122/TG 148 
and whose father died suddenly at age 48 in to best predict 
outcome?:

A- hsCRP
B- Lp(a)
C- 9P21 gene snp
D- red cell fatty acid content



Lp(a)- Multiple Choice Questions

Word association- which of these pairs go best together?:

A- apolipoprotein(a)-fibrinogen
B- Lp(a)– directly pro-thrombotic
C- small dense LDL – oxidized phospholipids
D- Antisense oligonucleotide - pelacarsen


