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• None

Disclosures 
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• Current Approach to lipid-lowering therapy
• Future Directions

Objectives

3

4

2 of 35



MHIF Cardiovascular Grand Rounds | 
April 22, 2024

The Relationship Between Cholesterol and CHD is Linear

MrFIT JAMA 1986 

Statin Good - More Statin Better
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Statin Safety

Statin therapy and muscle symptoms - Lancet 2022

Statin vs Placebo

Statin therapy and muscle symptoms - Lancet 2022

7

8

4 of 35



MHIF Cardiovascular Grand Rounds | 
April 22, 2024

More verses Less Intensive

Statin therapy and muscle symptoms - Lancet 2022

Early versus Late Reactions

Women>Men?

Statin therapy and muscle symptoms - Lancet 2022
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The SAMSON Trial

SAMSON Trial, JACC, 2021

The Power of the Nocebo Effect

SAMSON Trial, JACC, 2021
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DEtermining Statin Intolerance For Rosuvastatin 

• Adults with intolerance to 2 prior statins
• Primary or Secondary Prevention
• Trial can occur on other lipids lowering therapy

• Double blinded randomized “N of 1” Trial

• 6 month study
• 3 4-week courses of placebo
• 2 4-week courses of 20mg of rosuvastatin
• 1 week break in between each course

• 3-month unblinded trial of rosuvastatin for those with no evidence of 
statin intolerance

Mean Pain Score

• 129 weeks on 
rosuvastatin vs 176 
weeks of placebo
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Overall Health Scores

The DESIFOR Trial
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The DESIFOR Trial

IMPROVE-IT Trial – Ezetimibe in addition to statin therapy

IMPROVE-IT, NEJM, 2014
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IMPROVE-IT Trial – Ezetimibe in addition to statin therapy

IMPROVE-IT, NEJM, 2014

Ezetimibe-Risk Stratification, JACC, 2017
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The Importance of Risk Stratification

Ezetimibe-Risk Stratification, JACC, 2017

PCSK9 Inhibitors

FOURIER, NEJM, 2017
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PCSK9 Inhibitors

FOURIER, NEJM, 2017

FOURIER-OLE

FOURIER-OLE, Circulation, 2022
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LDL Levels Over 5-Years

FOURIER-OLE, Circulation, 2022

15% Reduction in Cardiovascular Events

*No Increase 
in Adverse 
Events

FOURIER-OLE, Circulation, 2022
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13% Reduction in Cardiovascular Death

FOURIER-OLE, Circulation, 2022
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Better LDL lowering with combination therapy

The benefits of combination lipid lowering therapy
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The benefits of combination lipid lowering therapy

Current Approach

Statin Ezetimibe PCSK9-i

CVD Risk

LDL – as low as possible for long as possible

31

32

16 of 35



MHIF Cardiovascular Grand Rounds | 
April 22, 2024

ORION-10+11, NEJM, 2020

Incliseran lowers LDL-C by ~50%

ORION-10+11, NEJM, 2020

33

34

17 of 35



MHIF Cardiovascular Grand Rounds | 
April 22, 2024

Bempadoic Acid

A ~15% Reduction in LDL-C

Clear-Harmony, NEJM, 2019
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23% Reduction in fatal and non-fatal MI

Clear Outcomes – NEJM - 2023
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The 2022 Kevin Graham Lecture
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Future Approach

Statin Ezetimibe PCSK9-i

CVD Risk

• +/- Incliseran
• +/- Bempadoic Acid
• +/- Lpa treatment
• ? Genetic Editing

Thank you
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PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Lipoprotein(a) in Cardiovascular Disease

Felipe V Martignoni, MD
Preventive Cardiology Research Fellow

Nolan Center for Cardiovascular Health, Minneapolis Heart Institute Foundation

PREVENTION 
Nolan Family Center for 

Cardiovascular Health

No conflict of interest to disclose.
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PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Objectives

1) Understand the role of Lp(a) in cardiovascular 
risk assessment 

2) Discuss current and future treatment options

PREVENTION 
Nolan Family Center for 

Cardiovascular Health

History  1963

An antigenic variant of LDL

Apo(a) glycoprotein 
gene cloning 1987

Plasminogen like protein
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PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Lipoprotein (a)

• LDL-apoB bound apolipoprotein (a)

• Risk factor for atherothrombotic 
cardiovascular disease and calcific 
aortic valve disease. 

• Genetically determined- Does not 
respond to lifestyle modifications or 
currently available medications- LPA 
gene

Boffa & Kotchinski 2019- a https://doi.org/10.1038/ s41569-018-0153-2

PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Lp(a) Ethnic Differences

20% of World Population

Tsimikas. JACC 2018. 71(2):177-192

20% of World 
Population
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PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Pathophysiology

Boffa & Kotchinski 2019- a https://doi.org/10.1038/ s41569-018-0153-2

Arterioscler Thromb Vasc Biolˌ 2022 Jan; 42(1): e48–e60ˌ

OxPL-
apoB

Apo(a) OxPL-apoB
Apo(a)

PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Evidence Linking Lp(a) to Atherosclerosis

JAMA Cardiology July 2022 Volume 7, Number 7

Eur J Prev Cardiol. 2024 Feb 1:zwae043. 
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PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Lp(a) is 6x more atherogenic than LDL
Stronger relation between Lp(a) and ASCVD in patients 

with diabetes vs. without (HR 1.9 x 1.4) April 2024

PREVENTION 
Nolan Family Center for 

Cardiovascular Health
CALVIN YEANG, MD, PHD, FACC- Borrowed from ACC 2024- Measuring Lp(a) in Clinical Practice: Who, When, and Why?

Arterioscler Thromb Vasc Biol. 2021;41:465–474. doi: 10.1161/ATVBAHA.120.315291
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PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Estimates of Risk Reduction LDL vs Lp(a)

JAMACardiol. 2018;3(7):619-627. doi:10.1001/jamacardio.2018.1470

22% risk reduction  
after LDL reduction of 
40 mg/dL

Estimated 22% risk 
reduction after Lp(a) 
reduction of 100 mg/dL

PREVENTION 
Nolan Family Center for 

Cardiovascular Health
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PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Actionable strategies in patients with high Lp(a)

Lifestyle Modifications
Lipid Lowering therapy (PCSK-9?)

Niacin, Aspirin (?)

Lp(a) Apheresis
Effective, but cumbersome

FDA approved

Exploring Lp(a) 
Targeted Therapy
Phase III Results are coming

Perrot et al. Atherosclerosis 2017

PREVENTION 
Nolan Family Center for 

Cardiovascular Health

The Benefit of PCSK9 Therapy is Dependent on Lp(a)

Circulation. 2019;139:1483–1492. 

Figure 1. The efficacy of Evolocumab by Lp(a) 
concentration split at the median (A) and split at 
120 nmol/L (50 mg/dL) for reducing CHD (B). 

Figure 2. Treatment effect on major coronary events per 
unit decrease in Lp(a).
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PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Anti Sense Oligonucleotides (ASO)

PelacarSEN

Small Interfering RNA

Lp(a) Horizon

Ocean(a)

Lp(a) targeted CVOT Outcomes Trial

OlpaSIRan

PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Small Interfering RNA

RNA-induced silencing complex, or RISC-
Multiprotein complex that incorporates one
strand of a siRNA. RISC uses the siRNA as a
template for recognizing complementary
mRNA. When it finds a complementary
strand, it activates RNase and cleaves the
RNA.

Antisense oligonucleotides (ASOs) are small,
synthetic pieces of RNA that can bind to
specific RNA molecules. This prevents
translation of Apo(a).
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PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Effect of APO(a)-LRx on Lp(a) Levels

PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Effect of APO(a)-LRx on Lp(a) Levels

Tsimikas et al., N EnglJ Med 382;3 Nejm.org January 16, 2020 
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PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Effect of Olpasiran on Lp(a) Levels

O’Donoghue et al., N Engl J Med 2022;387:1855-64. DOI: 10.1056/NEJMoa2211023 

PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Phase 3 study CVOT RCT Comparison
• Lp(a) HORIZON
• 12/12/2019 – finished 

enrolling 2022 
• Once a month injection 

Pelacarsen (ASO) vs. placebo
• 8000+ patients s/p MI >3 

month < 10 years 
• Lp(a) > 70mg/dL 

(≈165nmol/L) 
• F/u ≈ 5 years 

• OCEAN(a)
• 01/2023 
• Q3 month injection Olpasiran

(siRNA) vs. placebo 
• 6000+ patients- MI - PCI +1 

risk factor 
• Lp(a) > 200 nmol/L (≈ 100 

mg/dL) 
• f/u ≈ 4 years

61

62

31 of 35



MHIF Cardiovascular Grand Rounds | 
April 22, 2024

PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Guidelines on Testing for Lp(a)

JAMA Cardiol. 2022;7(7):760-769.

Journal of Clinical Lipidology (2024) 000, 1–12 

Universal 
Screening

April 2024

PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Real World Data
Allina System

Characteristics
Total population

 419,8131
No ASCVD
371,7441

ASCVD
48,0691 p-value2

Age 61 (52- 70) 60 (51-69) 69 (61-75) p<0.01

Female 218,205 (52%) 201,041 (54%) 17164 (36%) p<0.01

White 375,884 (90%) 331,853 (89%) 44,031 (92%) p<0.01

BMI 29 (25, 34) 29 (25-34) 30 (26-34) p<0.01

Dyslipidemia 256,665 (61%) 212, 977 (55%) 43,668 (91%) p<0.01

Diabetes 81,401 (19%) 62,971 (17%) 18,430 (38%) p<0.01

Hypertension 223,228 (53%) 181,501 (49%) 41,727 (87%) p<0.01

Tobacco Status
    Every Day/Some Day 47,881 (11.4%) 41,165 (11%) 6,755 (14%) p<0.01

    Former 141,755 (34%) 118,978 (32%) 22,777(47%) p<0.01

Collected Lp(a) 7,619 (1.8%) 5,260 (1.4%) 2,359 (4.9%) p<0.01

mg/dL - 20 (8,55) 27 (10,76) p=0.015

nmol/L - 47 (19-129) 59 (20-174) p<0.01

Elevated Lp(a) - 1,410 (27%) 846 (36%) p<0.01
1Median (IQR); n (%); BMI: body mass index; 
2Pearson's Chi-Squared; Wilcoxon rank sum test
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PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Allina Data
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Proportion of Elevated Lp(a) (%)

Low/Borderline Intermediate High ASCVD

PREVENTION 
Nolan Family Center for 

Cardiovascular Health

59% of patients had a variance of > 20% from 
consecutive measurements.

Allina Outcomes

30% of patients had elevated Lp(a)
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PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Use of LLT in 7,618 patients who underwent Lp(a) testing according 
to Lp(a) elevation and ASCVD risk status.

PREVENTION 
Nolan Family Center for 

Cardiovascular Health

TRENDS IN CARDIOVASCULAR RISK FACTORS AND USE OF 
PREVENTIVE CARDIOVASCULAR MEDICATIONS IN PATIENTS 

PRESENTING WITH ST-ELEVATION MYOCARDIAL INFARCTION

Felipe Martignoni MD PhD1, Hayley Turch DO1, Timothy 
Henry2, Marc Newell1, Ellen Cravero MS1, Larissa 
Stanberry PhD1, Michael Miedema MD MPH1

BACKGROUND
1. Minneapolis Heart Institute Foundation, Minneapolis MN

2. The Christ Hospital, Cincinnati OH

INTRODUCTION

METHODS

RESULTS

CONCLUSIONS

To assess the prevalence of CVD risk factors and use 
of preventive CVD medications over the past 10+ 

years in a large Midwest STEMI system.

Analysis Consecutive STEMI patients 
from the Level One STEMI 
program at the Minneapolis 
Heart Institute between 2003 
and 2023. 

Variables 
collected 

Baseline demographics, 
traditional CVD risk factors, 
and pre-admission CVD 
medications.

 In a sample of >7,800 patients with STEMI, >70%
had no clinical ASCVD prior to STEMI, which has
remained unchanged over time

 The prevalence of traditional CVD risk factors
prior to STEMI has remained stable except for a
slight increase in diabetes

• Utilization of preventive CVD medications
remains suboptimal, especially in primary
prevention.

• Better methods of CVD risk assessment and
implementation of current guidelines are
needed.

Comparing 2011-14 to 2019-22, there were no 
significant changes in the prevalence of smoking, 

hypertension, prior CVD, or dyslipidemia, but 
diabetes increased from 21% to 25% (p=0.012) 

(Figure 1a). 
In those without prior CVD, statin use prior to STEMI 

increased from 19% to 29% (p<0.01), ACE-i/ARB 
from 19% to 29% (p<0.01), and beta-blockers from 
17% to 22% (p<0.05), with a non-significant decline 

in use of aspirin. Secondary prevention statin 
increased from 64% to 75% (p<0.01), with no 
change in other medications, including aspirin 

(Figure 1b).

AIM

ST-elevation myocardial infarction (STEMI) is a 
severe manifestation of potentially preventable 

cardiovascular (CVD) disease. 

Statins, antihypertensives, and antiplatelet agents 
lower CVD risk but are often underused. 

Abbreviations:
• ACE-i: Angiotensin-converting enzyme 

inhibitor
• ARB: Angiotensin receptor blocker
• ASCVD: Atherosclerotic Cardiovascular 

Disease

Pearson’s Chi-Squared;
*p<0.05, comparing 2011-14 to 2019-22

7,854
first-time STEMI patients

villamartignoni@gmail.com

Prevalence of CVD risk factors and use of preventive 
CVD medications during 2011-14, 2015-2018, and 2019-

2022 in 7,854 STEMI patients

Characteristics Total population
 7,854 

Age 64 (54, 74)
Female 2,369 (30%)
White 7,111 (93%)
Dyslipidemia 4,138 (54%)
Diabetes 1,617 (20%)
Hypertension 4,569 (59%)
Smoker 2,465 (32%)
Prior CVD 2,013 (27%)

Table 1. Baseline Characteristics

More than 70% of STEMI patients had no prior 
ASCVD, which has remained stable over the past 

decade  (Figure 1a). 

The sample (n=7,854) was relatively young (mean 
age 64 years) with a high prevalence of dyslipidemia 

(54%) and hypertension (59%). (Table 1) 
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PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Questions?

PREVENTION 
Nolan Family Center for 

Cardiovascular Health

Why varying so much?
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