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ESC Classes of recommendations

Definition Wording to use

Class I Evidence and/or general agreement that a given

treatment or procedure is beneficial, useful,
effective.

Is recommended 

or is indicated

Class II Conflicting evidence and/or a divergence of opinion about the 

usefulness/efficacy of the given treatment or procedure.

Class IIa Weight of evidence/opinion is in favour of

usefulness/efficacy.
Should be considered

Class IIb Usefulness/efficacy is less well 

established by evidence/opinion.
May be considered

Class III Evidence or general agreement that the given 

treatment or procedure is not useful/effective, 
and in some cases may be harmful.

Is not recommended ©
E

SC
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ESC Levels of evidence
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Level of 

evidence A

Data derived from multiple randomized clinical trials or meta-analyses.

Level of 

evidence B

Data derived from a single randomized clinicaltrial or large non-

randomized studies.

Level of

evidence C

Consensus of opinion of the experts and/or small studies, retrospective 

studies, registries.

http://www.escardio.org/guidelines


Role of LDL in atherogenesis
Pathological plausibility

Libby P, et al. Nature. 2011;473(7347):317-25.

Prassl R and Laggner P. Biochemistry, Genetics and 

Molecular Biology; chapter 1; book edited by S. Frank and 

G. Kostner, Published: October 3, 2012

Initiates localised 

inflammation.

Macrophage recruitment.

Intracellular cholesterol 

accumulation.

Necrosis

Lipoprotein retention

Deposits early micro-

and later macro-

cholesterol crystals. 

Auto-immunity (apoB)

Release of bio-active lipids

Innate immunity

Adaptive immunity

Cellular remodelling

Extracellular pathology



Meta-analysis of various methods to lower LDL-C

Silverman MG, Ference BA, et al. JAMA 2016;316:1289-1297. 



Effect of LDL-C by magnitude and duration of exposure

Ference BA, et al. EAS Consensus Statement on LDL Causality.  Eur Heart J 2017; doi: 10.1093/eurheartj/ehx144



Group

LDL-C 

Effect Size 

(mg/dl) ORCHD (95%CI)

Both NPC1L1 & 

HMGCR LDL-C 

Scores above 

median

-5.8 0.892 (0.839-0.948)

p = 2.4x10-4

HMGCR LDL-C 

Score above median

-2.9 0.947 (0.914-0.982)

p = 3.3x10-3

NPC1L1 LDL-C 

Score above median

-2.4 0.952 (0.923-0.983)

p = 2.6x10-3

|                             |                             |        |                    

0.85                       0.90                      0.95               1.0

2x2 Factorial Mendelian Randomization

Ference BA et al. J Am Coll Cardiol 2015;doi:10.1016/j.jacc.2015.02.020



Genetic evidence supports LDL-C as a risk 
factor for CV events

54.5% reduction in CHD risk 

per 1mmol/L lower LDL-C

0

Absolute magnitude of lower LDL-C (mg/dL)
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PCSK9 46L rs11591147

LDLR rs6511720

NPC1L1 LDL-C score

HMGCR LDL-C score

LDLR rs2228671

Genetically lower LDL-C

Combined

NPC1L1 & HMGCR LDL-C score

HMGCR LDL-C score

NPC1L1 LDL-C score
NPC1L1 rs217386

PCSK9 rs2479409

PCSK9

rs11206510

ABCG5/8 

rs4299376

HMGCR rs12916

Ference et al. J Am Coll Cardiol 2012;60:2631–2639. Ference et al. J Am Coll Cardiol 2015;65:1552–1561.



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 Epub Sep 6



Comparison of PCSK9 inhibitors and statins by duration of treatment

Ference BA, et al. Eur Heart J. 2017; DOI: 10.1093/eurheartj/ehx450 



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

Collins R. et al. 

Lancet 2016 Epub Sep 6



Proportional major vascular event reductions versus absolute LDL 

cholesterol reductions in randomised trials of routine statin therapy versus 

no routine statin use and of more intensive versus less intensive regimens

Collins R. et al. Lancet 2016 Epub Sep 6
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Absolute reductions in major vascular events with 
statin therapy 
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Relationship of LDL-C-Lowering and Risk Reduction with a Statin

LDL-C, low-density lipoprotein cholesterol; NNT, number needed to treat.

– Diminishing risk reduction 

for the same relative

LDL-C lowering 
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SCORE chart for European 
populations at high 
cardiovascular disease risk
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SCORE Cardiovascular Risk Chart
10-year risk of fatal CVD

High-risk regions of Europe

Total cholesterol (mmol/L)

<3% 3-4% 5-9% ≥10%
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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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Total cholesterol (mmol/L)
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Non-smoker Age Smoker

180 7 7 8 8 9 14 14 15 16 17

160 5 5 6 6 7
65

10 11 12 12 13

140 4 4 4 5 5 8 8 9 9 10

120 3 3 3 4 4 6 6 7 7 8

180 3 3 4 4 4 6 7 7 8 8

160 2 3 3 3 3
60

5 5 5 6 6

140 2 2 2 2 2 4 4 4 4 5

120 1 1 2 2 2 3 3 3 3 4

180 2 2 2 2 2 4 4 4 4 5

160 1 1 2 2 2
55

3 3 3 3 4

140 1 1 1 1 1 2 2 2 2 3

120 1 1 1 1 1 2 2 2 2 2

180 1 1 1 1 1 1 2 2 2 2

160 1 1 1 1 1
50

1 1 1 1 2

140 0 0 1 1 1 1 1 1 1 1

120 0 0 0 0 0 1 1 1 1 1

180 0 0 0 0 0 0 0 1 1 1

160 0 0 0 0 0
40

0 0 0 0 0

140 0 0 0 0 0 0 0 0 0 0

120 0 0 0 0 0 0 0 0 0 0

4 5 6 7 8 4 5 6 7 8

Without HDL: 4.4

HDL0.8: 8.1

HDL1.0: 6.7

HDL1.4: 4.5

HDL1.8: 3.0

Without HDL: 5.7

HDL0.8: 10.2

HDL1.0: 8.5

HDL1.4: 5.9

HDL1.8: 4.0

Without HDL: 4.2

HDL 0.8: 8.0

HDL 1.0: 6.5

HDL 1.4: 4.4

HDL 1.8: 2.9

Without HDL: 4.4

HDL 0.8: 8.5

HDL 1.0: 7.0

HDL 1.4: 4.7

HDL 1.8: 3.2

Without HDL: 2.4

HDL 0.8: 4.6

HDL 1.0: 3.8

HDL 1.4: 2.5

HDL 1.8: 1.7

Without HDL: 4.5

HDL 0.8: 8.3

HDL 1.0: 6.9

HDL 1.4: 4.7

HDL 1.8: 3.2

Risk function with high-
density lipoprotein 
cholesterol for women
in populations at high
cardiovascular disease 
risk 
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Recommendations for cardiovascular disease risk 
estimation
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Recommendations Class Level

Total risk estimation using a risk estimation system such as SCORE is 

recommended for  asymptomatic adults >40 years of age without 

evidence of CVD, DM, CKD, familial hypercholesterolaemia, or LDL-

C >4.9 mmol/L  (>190 mg/dL).

I C

It is recommended that high- and very-high-risk individuals are 

identified on the basis of  documented CVD, DM, moderate-to-

severe  renal disease, very high levels of individual risk  factors, FH,

or a high SCORE risk. It is recommended that such patients are

considered as a  priority for advice and management of all risk  

factors.

I C

Risk scores developed for the general population are not 

recommended for CV risk assessment in patients with DM or FH.
III C

http://www.escardio.org/guidelines
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Cardiovascular risk categories (1)
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Very-high-risk People with any of thefollowing:

Documented ASCVD, either clinical or unequivocal on imaging.

Documented ASCVD includes previous ACS (MI or unstable angina), stable angina, 

coronary revascularisation (PCI, CABG and other arterial revascularization procedures), 

stroke and TIA, and peripheral arterial disease. Unequivocally documented ASCVD on 

imaging includes those findings that areknown to be predictive of clinical events, such as 

significant plaque oncoronaryangiography or CT scan (multivessel coronarydisease with 

two major epicardial arteries having >50% stenosis) or oncarotid ultrasound.

DM with target organ damage,  ≥3 major risk factors or early onset of

T1DM of long duration (>20 years).

Severe CKD (eGFR <30 mL/min/1.73m2).

A calculated SCORE ≥10% for 10-year risk of fatal CVD. 

FH with ASCVD or with another majorrisk factor.

http://www.escardio.org/guidelines
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Cardiovascular risk categories (2)
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High-risk People with:

Markedly elevated single risk factors, in particular TC >8 mmol/L (>310

mg/dL), LDL-C >4.9 mmol/L(>190 mg/dL), or BP ≥180/110mmHg.

Patients with FH without othermajor risk factors.

Patients with DM without target organ damage*, with DMduration ≥10 years

or another additional riskfactors.

Moderate CKD (eGFR 30–59 mL/min/1.73m2).

A calculated SCORE ≥5% and <10% for 10-yearrisk of fatal CVD.

Moderate-risk Young patients (T1DM <35 years; T2DM <50 years) with DMduration <10 years, without 

other risk factors. Calculated SCORE ≥1% and <5% for 10-yearrisk of fatal CVD.

Low-risk Calculated SCORE <1% for 10-yearrisk of fatal CVD.

*Target organ damageis defined as microalbuminuria,retinopathy or neuropathy

http://www.escardio.org/guidelines
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Recommendations for lipid analyses for 
cardiovascular disease risk estimation (1)
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Recommendations Class Level

TC is to be used for the estimation of total CV risk by means of the 

SCORE system.
I C

HDL-C analysis is recommended to further refine risk estimation using 

the online SCORE system.
I C

LDL-C analysis is recommended as the primary lipid analysis for

screening, diagnosis and management.
I C

TG analysis is recommended as a part of the routine lipid analysis. I C

http://www.escardio.org/guidelines
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Recommendations for lipid analyses for 
cardiovascular disease risk estimation (2)
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Recommendations Class Level

Non-HDL-C evaluation is recommended for risk assessment, particularly

in people with high TG, diabetes, obesity or very low LDL-C.
I C

ApoB analysis is recommended for risk assessment, particularly in people 

with high TG, diabetes, obesity or metabolic syndrome, or very low LDL-

C. It can be used as an alternative to LDL-C, if available, as the primary

measurement for screening, diagnosis andmanagement, and may be

preferred over non-HDL-C in people with high TG, diabetes, obesity or

very low LDL-C.

I C

http://www.escardio.org/guidelines
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Recommendations for lipid analyses for 
cardiovascular disease risk estimation (3)
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Recommendations Class Level

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.

IIa C

Lp(a) should be considered in selected patients with a family history of 

premature CVD, and for reclassification in people who are borderline

between moderate and high-risk.

IIa C

http://www.escardio.org/guidelines
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Recommendations for cardiovascular imaging for 
risk assessment of atherosclerotic cardiovascular disease
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Recommendations Class Level

Arterial (carotid and/or femoral) plaque burden on ultrasonography

should be considered as a risk modifier in individuals at low or moderate 

risk.

IIa B

CAC score assessment with CT should be considered as a risk modifier in 

the CV risk assessment of asymptomatic individuals at low or moderate 

risk.

IIa B

http://www.escardio.org/guidelines
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Intervention strategies as a function of total 
cardiovascular risk and untreated low-density 
lipoprotein cholesterol levels
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Intervention strategies as a function of 
total cardiovascular risk and untreated 
low-density lipoprotein cholesterol levels 
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Treatment targets and goals for cardiovascular 
disease prevention (1)
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Smoking No exposure to tobacco in any form.

Diet Healthy diet low in saturated fat with a focus on whole grain products,

vegetables, fruit and fish.

Physical activity 3.5–7 hours moderately vigorous physical activity per week or 30–60

min most days.

Body weight BMI 20–25 kg/m2, waist circumference <94 cm (men) and <80 cm

(women).

Blood pressure <140/90 mmHga

a Lower treatment targets are recommended for most treated hypertensive patients, provided that the treatment is well tolerated.

http://www.escardio.org/guidelines
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Treatment targets and goals for cardiovascular 
disease prevention (3)
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LDL-C Moderate-risk:

A goal of <2.6 mmol/L (<100 mg/dL).

Low-risk:

A goal of <3.0 mmol/L (<116 mg/dL)

Non-HDL-C Non-HDL-C secondary goals are <2.2, 2.6 and 3.4 mmol/L (<85, 100 and 130 mg/dL) 

for very-high-, high- and moderate-risk people, respectively.

Apolipoprotein B ApoB secondary goals are <65, 80 and 100 mg/dL for very-high-, high- and moderate-

risk people,respectively.

Triglycerides No goal but <1.7 mmol/L (<150 mg/dL) indicates lower risk and higher levels indicate 

a need to look for other risk factors.

Diabetes HbA1c: <7% (<53 mmol/mol).

http://www.escardio.org/guidelines
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Recommendations for treatment goals for 
low-density lipoprotein cholesterol (1)
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Recommendations Class Level

In secondary prevention patients at very-high riskc, an LDL-C reduction of 

at least 50% from baselined and an LDL-C goal of <1.4 mmol/L (<55 mg/dL)

are recommended.

I A

In primary prevention, for individuals at very-high risk but without FHc,

an LDL-C reduction of at least 50% from baselined and an LDL-C goal of 

<1.4mmol/L (<55 mg/dL) are recommended.

I C

In primary prevention, for individuals with FH at very-high risk, an LDL-C

reduction of at least 50% from baseline and an LDL-C goal of <1.4 mmol/L

(<55 mg/dL) should be considered.

IIa C

cFor definitions see Table 1.
dThe term ‘baseline’ refers to the LDL-C level in a person not taking any LDL-C lowering medication. In people who 
are taking LDL-C-lowering medication(s), the projected baseline (untreated) LDL-C levels should be estimated, based 
on the average LDL-C-lowering efficacy of the given medication or combination of medications.

http://www.escardio.org/guidelines
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Recommendations for treatment goals for 
low-density lipoprotein cholesterol (2)
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Recommendations Class Level

For patients with ASCVD who experience a second vascular event within

2 years (not necessarily of the same type as the first event) while taking 

maximally tolerated statin therapy, an LDL-C goal of <1.0 mmol/L (<40 

mg/dL) may be considered.

IIb B

In patients at high-riskc, an LDL-C reduction of at least 50% from 

baselined and an LDL-C goal of <1.8 mmol/L (<70 mg/dL) are

recommended.

I A

c For definitions see Table 1.
d The term ‘baseline’ refers to the LDL-C level in a person not taking any LDL-C lowering medication. In people who 
are taking LDL-C-lowering medication(s), the projected baseline (untreated) LDL-C levels should be estimated, based 
on the average LDL-C-lowering efficacy of the given medication or combination of medications.

http://www.escardio.org/guidelines
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Recommendations for treatment goals for 
low-density lipoprotein cholesterol (3)
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Recommendations Class Level

In individuals at moderate riskc, an LDL-C goal of <2.6 mmol/L (<100 mg/dL) 

should be considered.
IIa A

In individuals at low riskc an LDL-C goal <3.0 mmol/L (<116 mg/dL) may be

considered.
IIb A

C For definitions see Table 1.

http://www.escardio.org/guidelines
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Treatment  goals for  low-density lipoprotein 
cholesterol (LDL-C) across  categories of total cardiovascular 
disease risk
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Low

Moderate

High

Very-High

3.0mmol/L  
(116mg/dL)Treatment

goal  for 
LDL-C

2.6 mmol/L  
(100mg/dL)

1.8mmol/L  (70

mg/dL)

1.4mmol/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 riskfactors

•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 riskfactors
•Moderate CKD (eGFR 30–59mL/min)
•DM w/o target organ damage, with DM
duration ≥10 years or otheradditional risk factor

•ASCVD(clinical/imaging)
•SCORE≥10%
•FH with ASCVD orwith another  major riskfactor
•Severe CKD (eGFR <30mL/min)
•DM & target organ damage: ≥3  majorriskfactors;
orearlyonsetof  T1DM of long duration (>20years)
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Summary of lifestyle measures and healthy food 
choices for managing total cardiovascular risk (1)
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Dietary recommendations should always take into account local food habits; however, interest in healthy food 

choices from other cultures should be promoted.

A wide variety of foods should be eaten. Energy intake should be adjusted to prevent overweight and obesity.

Consumption of fruits, vegetables, legumes, nuts, wholegrain cereal foods and fish (especially oily) should be

encouraged.

Foods rich in trans fatty acids should be avoided totally; foods rich in saturated fatty acids (SFAs) (tropical 

oils, fatty or processed meat, sweets, cream, butter, regular cheese) should be replaced with the above foods

and with monounsaturated fat (extra virgin olive oil) and polyunsaturated fat (non-tropical vegetable oils) in 

order to keep SFA intake <10 %  (<7% in the presence of high plasma cholesterol values).

http://www.escardio.org/guidelines
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Summary of lifestyle measures and healthy food 
choices for managing total cardiovascular risk (2)
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Salt intake should be reduced to <5 g/day by avoiding table salt and limiting salt in cooking, and by choosing 

fresh or frozen unsalted foods; many processed and convenience foods, including bread, are high in salt.

For those who drink alcoholic beverages, moderation should be advised (<10 g/day for women and for men)

and patients with hypertriglyceridaemia should abstain.

The intake of beverages and foods with added sugars, particularly soft drinks, should be discouraged,

especially for persons who are overweight, have hypertriglyceridaemia, metabolic syndrome or diabetes.

Physical activity should be encouraged, aiming at regular physical exercise for at least 30 min/day every day.

Use of and exposure to tobacco products should be avoided.

http://www.escardio.org/guidelines
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Recommendations for pharmacological 
low-density lipoprotein cholesterol lowering (1)
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Recommendations Class Level

It is recommended to prescribe a high-intensity statin up to the highest 

tolerated dose to reach the goalsc set for the specific level of risk.
I A

If the goalsc are not achieved with the maximum tolerated dose of statin,

combination with ezetimibe is recommended.
I B

For primary prevention patients at very-high risk, but without FH, if 

the LDL-C goal is not achieved on a maximum tolerated dose of statin

and ezetimibe, a combination with a PCSK9 inhibitor may be

considered.

IIb C

c For definitions see Full Text.

http://www.escardio.org/guidelines
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Recommendations for pharmacological 
low-density lipoprotein cholesterol lowering (2)
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Recommendations Class Level

For secondary prevention, patients at very-high risk not achieving their

goalc on a maximum tolerated dose of statin and ezetimibe, a combination 

with a PCSK9 inhibitor is recommended.

I A

For very-high-risk FH patients (that is, with ASCVD or with another major 

risk factor) who do not achieve their goal on a maximum tolerated dose 

of statin and ezetimibe, a combination with a PCSK9 inhibitor is

recommended.

I C

If a statin-based regimen is not tolerated at any dosage (even after re-

challenge), ezetimibe should be considered.
IIa C
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Recommendations for pharmacological 
low-density lipoprotein cholesterol lowering (3)
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Recommendations Class Level

If a statin-based regimen is not tolerated at any dosage (even after re-challenge), a 

PCSK9 inhibitor added to ezetimibe may also be considered.
IIb C

If the goalc is not achieved, statin combination with a bile acid sequestrant may be

considered.
IIb C

c For definitions see Full Text.
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Recommendations for drug treatments of 
patients with hypertriglyceridaemia (1)
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Recommendations Class Level

Statin treatment is recommended as the first drug of choice for reducing

CVD risk in high-risk individuals with hypertriglyceridaemia (TG >2.3 

mmol/L (>200 mg/dL)).

I B

In high-risk (or above) patients with TG between 1.5and 5.6 mmol/L (135–

499 mg/dL) despite statin treatment, n-3 PUFAs (icosapent ethyl 2 x 2 g/day)

should be considered in combination withstatin.

IIa B
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Recommendations for drug treatments of 
patients with hypertriglyceridaemia (2)

©
E

SC

Recommendations Class Level

In primary prevention patients who are at LDL-C goal with TG >2.3 

mmol/L (>200 mg/dL), fenofibrate or bezafibrate may be considered in 

combination with statins.

IIb B

In high-risk patients who are at LDL-C goal with TG >2.3 mmol/L (>200 

mg/dL), fenofibrate or bezafibrate may be considered in combination with 

statins.

IIb C
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Expected clinical benefit of 
low-density lipoprotein 
cholesterol lowering therapies 
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Intensity of lipid lowering treatment
Treatment Average LDL-C reduction
Moderate intensity statin ≈ 30%
High intensity statin ≈ 50%
High intensity statin plus ezetimibe ≈ 65%
PCSK9 inhibitor ≈ 60%
PCSK9 inhibitor plus high intensity statin ≈ 75%
PCSK9 inhibitor plus high intensity statin ≈ 85%
plus ezetimibe

% reduction LDL-C Baseline LDL-C

Absolute reduction LDL-C

Relative risk reduction Baseline risk

Absolute risk reduction

LDL-C = low-density lipoprotein cholesterol; 
PCSK9 = proprotein convertase subtilisin/kexin type 9.
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Treatment algorithm for 
pharmacological LDL-C 
lowering
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Intervention strategies as a function of total 
cardiovascular risk and untreated low-density 
lipoprotein cholesterol levels
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