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LDL-C and atherosclerosis: a coalescence of evidence

LDL-C, low-density lipoprotein cholesterol

Genomics
Genetics

Intervention
trials

Epidemiology Pathology

Genomics, Genetics

Intervention trials 
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Meta-analysis of various methods to lower LDL-C

Silverman MG, Ference BA, et al. JAMA 2016;316:1289-1297. 
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Predicted absolute reductions in risks of major vascular events 

(after the first year) by lowering LDL cholesterol with statin 

therapy for 5 years in people at different levels of absolute risk

Collins R. et al. Lancet 2016; 388:2532-61
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Intervention strategies as a function of total cardiovascular 

risk and untreated low-density lipoprotein cholesterol levels
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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



8

SCORE chart for European populations at high 

cardiovascular disease risk
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SCORE chart for European 

populations at high 

cardiovascular disease risk

SCORE Cardiovascular Risk Chart
10-year risk of fatal CVD

High-risk regions of Europe

Total cholesterol (mmol/L)
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MENWOMEN

Non-smoker Smoker Age Non-smoker Smoker

180 12 13 14 15 17 19 20 21 24 26 30 33 33 36 40 45
160 10 11 12 13 14 15 16 18

70
20 22 25 28 27 31 34 39

140 8 9 10 10 12 13 14 15 16 18 21 24 23 26 29 33
120 7 7 8 9 10 10 11 12 13 15 17 20 19 22 25 28
180 7 8 8 9 11 12 13 15 15 17 20 23 23 26 30 34
160 5 6 6 7 9 9 10 11

65
12 14 16 18 18 21 24 27

140 4 4 5 5 7 7 8 9 9 11 12 14 14 16 19 22
120 3 3 4 4 5 5 6 7 7 8 10 11 11 13 15 17
180 4 4 5 5 7 8 9 10 10 11 13 15 16 19 22 25
160 3 3 3 4 5 6 6 7

60
7 8 10 11 12 14 16 19

140 2 2 2 3 4 4 4 5 5 6 7 8 9 10 12 14
120 1 1 2 2 3 3 3 3 4 4 5 6 6 7 9 10
180 2 2 3 3 5 5 6 7 6 7 9 10 11 13 16 18
160 1 2 2 2 3 3 4 4

55
4 5 6 7 8 9 11 13

140 1 1 1 1 2 2 2 3 3 3 4 5 5 6 7 9
120 1 1 1 1 1 1 2 2 2 2 3 3 4 4 5 6
180 1 1 2 2 3 3 4 4 4 5 6 7 8 9 11 13
160 1 1 1 1 2 2 2 3

50
2 3 3 4 5 6 7 9

140 0 0 1 1 1 1 1 2 2 2 2 3 3 4 5 6
120 0 0 0 0 1 1 1 1 1 1 1 2 2 2 3 4
180 0 0 1 1 1 1 2 2 2 2 2 3 4 4 5 7
160 0 0 0 0 1 1 1 1

40
1 1 1 2 2 2 3 4

140 0 0 0 0 0 0 0 1 0 1 1 1 1 1 2 2
120 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1

4 5 6 7 4 5 6 7 4 5 6 7 4 5 6 7
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Lessons from nature: Lifetime LDL variation and CHD risk

Ference et al. JACC. 2012;60:2631-9

Analysis of genes regulating LDL cholesterol and association with CHD risk

Effect on LDLc (mmol/l) Effect on CHD risk)
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Log-linear association per unit change in LDL-C and the 

risk of CV disease

Ference BA, et al. Eur Heart J 2017; 38:2459-2472
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LDL cholesterol burden in individuals with or without familial 

hypercholesterolaemia as a function of the age of initiation of 

statin therapy

Adapted from Steve Humphries 2013

0

50

100

150

200

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60

C
u

m
u

la
ti

ve
 L

D
L-

C
 (

m
m

o
l)

Years Age

HOZ Untreated Treat at 10yrs Non FH Treat at 18yrs

35yrs

53yrs

48yrs

55yr
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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
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Hazard Ratios for CHD Across Quantiles of HDL-Cholesterol
From the Emerging Risk Factors Collaboration (68 studies in 302 430 participants)

The Emerging Risk Factors Collaboration. JAMA 2009;302:1993–2000
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CV mortality and elevated values of HDL-C

Madsen CM et al, Eur Heart J, 2017; 38:2478-2486

Males : 50–80 mg/dL

HDL-C associated

with lowest CV mortality

Females : 70–90 mg/dL
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Hazard ratios for coronary heart disease across quintiles

The Emerging Risk Factors Collaboration. JAMA 2009;302:1993–2000
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Risk ratios for coronary heart disease across fifths of usual 

lipids or apolipoproteins

The Emerging Risk Factors Collaboration. JAMA 2009;302:1993–2000
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Cholesterol in atherogenic lipoproteins:  non-HDL
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Log-linear association between changes in apoB & CHD 

Ference BA, et al. Jama 2019; 321(4):364-373



20

Multivariable Mendelian randomization

Ference BA, et al. Jama 2019; 321(4):364-373
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Lp(a)

Tsimikas S.  J Am Coll Cardiol 2017;69:692–711)
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Effect of Lp(a) compared to effect of LDL-C on risk of CVD

Emerging Risk Factors Collaboration.  JAMA. 2009; 302:412-23.

Lp(a) OR per 1-ln(SD): 1.16 LDL-C OR per 1-SD (33 mg/dl): 1.39 

Ln-SD = 1.1    e1.1 = 3-fold increase  

Tripling in Lp(a)
16% increased risk

Emerging Risk Factors Collaboration.  JAMA. 2009;302:1993-2000

Mean population LDL-c 3.5 mmol/L

Tripling  in LDL-c
386% increased risk
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486,000 UK Biobank: 

How much do need to lower Lp(a) in nmol/L?

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

Outcome

Co-primary end point

Myocardial infarction

Cardiovascular death

Coronary revascularization

0.3 0.4 0.5 0.75 1 1.25

OR

0.67

0.69

0.71

0.59

95%-CI

[0.64; 0.69]

[0.66; 0.71]

[0.64; 0.78]

[0.56; 0.62]

Outcome

Co-primary end point

Myocardial infarction

Cardiovascular death

Coronary revascularization

0.3 0.4 0.5 0.75 1 1.25

OR

0.50

0.54

0.56

0.36

95%-CI

[0.47; 0.53]

[0.50; 0.57]

[0.48; 0.66]

[0.33; 0.40]

100 nmol/L lower Lp(a)

33% RRR per 100 nmol/L

1 mmol/L lower LDL-C

(98 variant LDL-exome 

score)

50% RRR per mmol/L

164.5 nmol/L (95% CI: 156.8 – 174.7)   ~   1 mmol/L LDL-C
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Changes in Lp(a) and LDL-C with equivalent effects on CVD

Burgess SB, Ference BA, et al.  2018; JAMA Cardiology

Reconciles epidemiologic and Mendelian randomization studies

Explains failure of lowering Lp(a) in niacin, CETP and PCSK9 randomized trials

Informs the optimal design of RCTs for potent Lp(a) lowering agents 

1.0 mmol/L lifetime lower LDL-C

50% reduction in lifetime risk of CHD

80.4 - 101.5 mg/dl lifetime lower Lp(a)
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Treatment  goals for  low-density lipoprotein cholesterol (LDL-C) 

across  categories of total cardiovascular disease risk

Eur Heart J. 2020 Jan 1;41(1):111-188

Low

Moderate

High

Very-High

3.0 mmol/L  
(116 mg/dL)

Treatment goal  
for LDL-C

2.6 mmol/L  
(100 mg/dL)

1.8 mmol/L  
(70 mg/dL)

1.4 mmol/L  
(55 mg/dL)

& ≥50%  
reduction  

from  baseline

Low Moderate High very-High CV Risk

•SCORE<1%
•SCORE ≥1% and <5%
•Young patients (T1DM <35 years; T2DM <50 years)  with 
DM duration <10 years without other risk factors

•SCORE ≥5% and <10%
•Markedly elevated single risk factors, in particular  TC >8 mmol/L (310 
mg/dL) or LDL-C >4.9 mmol/L  (190 mg/dL) or BP ≥180/110 mmHg
•FH without other major risk factors
•Moderate CKD (eGFR 30–59 mL/min)
•DM w/o target organ damage, with DM
duration ≥10 years or other additional risk factor

•ASCVD (clinical/imaging)
•SCORE ≥10%
•FH with ASCVD or with another  major risk factor
•Severe CKD (eGFR <30 mL/min)
•DM & target organ damage: ≥3  major risk factors; 
or early onset of  T1DM of long duration (>20 years)
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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.

For the primary endpoint p = 0.0012 for the β coefficient. For the secondary endpoint p = 0.0001 for the β coefficient. 

CV = cardiovascular, MI = myocardial infarction, UA = unstable angina. The blue line represents the hazard ratio and 

shaded areas are the 95% CIs of the regression model estimate
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The AACE/ACE have introduced a new “extreme risk” 

category for cardiovascular disease
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Target UK 2016 NICE Canada 2016 CCS Europe 2019 ESC/EAS US 2018 ACC/AHA

Secondary prevention: ASCVD

LDL cholesterol ≥50% >50% or <77 mg/dL 

<2.0 mmol/L

≥50% & <55 mg/dL

<1.4 mmol/L

≥50% & <70 mg/dL 

<1.8 mmol/L

nonHDL cholesterol <100 mg/dL

<2.6 mmol/L

<85 mg/dL

<2.2 mmol/L

<100 mg/dL

<2.6 mmol/L

Apolipoprotein B <80 mg/dL <65 mg/dL

Primary prevention: Familial hypercholesterolemia

LDL cholesterol ≥50% >50% ≥50% & <55 or <70 mg/dL 

<1.4 or <1.8 mmol/L 

≥50%

Primary prevention: Absolute 10-year risk based, (diabetes or chronic kidney disease)

LDL cholesterol ≥40%

≥50% if 

nonHDL-C

>50% or 

<77 mg/dL 

<2.0 mmol/L

≥50% & 

<55, <70 or (<100 mg/dL) 

<1.4, <1.8 or (<2.6 mmol/L)

≥30% or

≥50%

nonHDL cholesterol <100 mg/dL

<2.6 mmol/L

<85 mg/dL 

<2.2 mmol/L

Apolipoprotein B <80 mg/dL <65 mg/dL
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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

Collins R. et al. Lancet 2016; 388:2532-61
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IMPROVE-IT vs. CTT: Ezetimibe vs. statin benefit

CTT Collaboration. Lancet 2005; 366:1267-78; Lancet 2010;376:1670-81. 
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Primary endpoint: composite of CV death, MI, stroke, 

hospitalization for UA, or coronary revascularization

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

CV = Cardiovascular; MI = Myocardial infarction; UA = Unstable angina; HR = Hazard ratio
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Diminishing risk reduction for the same relative 

LDL-C lowering with lower baseline LDL-C

Laufs U et al. Eur Heart J 2014; 35:1996-2000
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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
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Comparison of PCSK9 inhibitors and statins 

by duration of treatment

Ference BA, et al. Eur Heart J. 2018; 39(27):2540-2545
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Treatment algorithm for pharmacological LDL-C lowering

Eur Heart J. 2020 Jan 1;41(1):111-188
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Statin under-dosing is associated with an adverse outcome

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


