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LDL-C and Atherosclerosis: a Coalescence of Evidence

LDL-C, low-density lipoprotein cholesterol



Meta-analysis of Various Methods to Lower LDL-C



Genetic Evidence Supports LDL-C As A Risk Factor For CV Events



Effect Of LDL-C By Magnitude And Duration Of Exposure



Similar proportional reductions 

in risks of major vascular events 

per mmol/L LDL cholesterol 

reduction in randomised trials of 

statin therapy among people 

with different presenting 

characteristics



Proportional Reductions in Risks of Major Vascular Events per Mmol/L Reduction in LDL 
Cholesterol During Each Year of Scheduled Statin Treatment, in Randomised Trials of Routine 

Statin Therapy Versus No Routine Statin Use



Absolute Reductions in Major Vascular Events with Statin Therapy 



- Genetic, epidemiological and trial evidence indicates that LDL cholesterol is a CAUSE 
of atherosclerotic vascular disease

- Trials of LDL-lowering indicate RELATIVE RISK reduction is proportional to the 
ABSOLUTE REDUCTION in LDL-C

- Lower is better: lowering LDL-C with statins, ezetimibe, or PCSK9-inhibitors safe and 
effective to <1.4 mmol/L (55 mg/dL)

- Intensity of LDL-lowering should be based on risk, irrespective of cause(s) of the risk 
(e.g., primary or secondary prevention, diabetes, or chronic kidney disease)

Main Principles for LDL-lowering Therapy



Cardiovascular Risk Categories (1)



Cardiovascular Risk Categories (2)



Intervention Strategies as a Function of Total Cardiovascular Risk and Untreated Low-density 
Lipoprotein Cholesterol Levels



Treatment Goals for Low-density Lipoprotein Cholesterol (LDL-C) Across Categories of Total 
Cardiovascular Disease Risk



Future Challenges
• LIFETIME RISK

• HDL

• NON HDL AND/OR APO B IN EVERYBODY?

• Lp(a)

• PERCENT REDUCTION VS GOALS

• TRIAL DESIGN

• STEPWISE APPROACH?

• ADHERENCE TO THERAPY



SCORE Cardiovascular Risk Chart
10-year Risk of Fatal CVD
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CV Mortality and Elevated Values of HDL-C
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Cholesterol in Atherogenic Lipoproteins: non-HDL



Multivariable Mendelian Randomization
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Effect of Lp(a) Compared to Effect of LDL-C on Risk of CVDA



486,000 UK Biobank: How much do need to lower Lp(a) in nmol/L?

Katzman J, .... Ference BA.  EAS 2019, Maasstricht



Changes in Lp(a) and LDL-C with equivalent effects on CVD

Burgess SB, Ference BA, et al.  2018; JAMA Cardiology doi: 10.1001/jamacardio.2018.1470
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Treatment Goals for Low-density Lipoprotein Cholesterol (LDL-C) Across Categories of Total 
Cardiovascular Disease Risk
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Relationship Between Achieved LDL-C Level At Week 4 and Risk for the Primary and Key 
Secondary Efficacy Composite Endpoints

Giugliano RP, et al. Lancet 2017; 390:1962-71. doi: 10.1016/ S0140-6736(17)32290-0



The AACE/ACE Have Introduced a New “Extreme Risk” Category for Cardiovascular Disease
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Primary Endpoint: Composite of CV Death, MI, Stroke, Hospitalization for UA, or Coronary 
Revascularization

CV = Cardiovascular; MI = Myocardial infarction;
UA = Unstable angina; HR = Hazard ratio

Sabatine MS, et al. N Engl J Med. 2017;376:1713-1722



CTT Regression Lines by Duration of Follow-up

Cholesterol Treatment Trialists Collaboration. 
Lancet. 2010 376:1670-81

Ference BA, et al. Eur Heart J. 2018; 39(27):2540-2545; 
DOI: 10.1093/eurheartj/ehx450 



Comparison of PCSK9 Inhibitors and Statins by Duration of Treatment

Ference BA, et al. Eur Heart J. 2018; 39(27):2540-2545; 
DOI: 10.1093/eurheartj/ehx450 
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Treatment Algorithm for Pharmacological LDL-C Lowering

2019 ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to
reduce cardiovascular risk (European Heart Journal 2019-doi: 10.1093/eurheartj/ehz455)









DA VINCI STUDY: LDL-C goal Attainment by LLT in Patients with Established ASCVD

Pie chart shows % of patients receiving each LLT at LDL-C measurement. Bar chart shows % of patients achieving 2016 (solid bars) and 2019 
(hashed bars) LDL-C goals. ASCVD, atherosclerotic cardiovascular disease; combo, combination therapy; LDL-C, low-density lipoprotein 
cholesterol; LLT, lipid lowering therapy; mono, monotherapy; PCSK9i; proprotein convertase subtilisin/kexin type 9 inhibitor 
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Statin Under-dosing is Associated with an Adverse Outcome 

Rasmussen et al., JAMA. 2007 Jan; 297(2): 177-186
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